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ABSTRACT

Information necessary for the use of the SCORES digital compu-
ter program is given. This program calculates both the”vertical and
lateral plane motions and applied loads of a ship in waves. Strip
theory is used and each ship l~ullcross-section is assumed to be of
Lewis form for the purpose of calculating hydrodynamic forces. The
ship can be at any heading, relative to the wave direction. Both
regular and irregular wave results can be obtained, including short
crested seas (directional wave spectrum). All three primary ship
hull loadings are computed, i.e. vertical bending, lateral bending
and torsional moments.

All the basic equations used in the analysis are given, as
well as a description ofthe overall program structure. The input
data requirements and format are specified. Sample input and out-
put are shown. The Appendices include a description of the FORTRAN
program organization, together with flowcharts and a complete cross-
-referenced listing of the source language.
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I. INTRODUCTION

This manual describes in detail the use of SCORES,
which is a digital computer program for the calculation of the
wave-induced motions and loads of a ship. Both the vertical and
lateral plane motions are treated, so that results for vertical
bending, lateral bending and torsional hull moments can be ob-
tained. The principal assumptions of the method are that the
motions are linear, can be solved by “strip theory” and that
the ship sections can be approximated by#’Lewis forms” for the
purpose of calculating the hydrodynamic forces, that is, the
required two-dimensional added mass and wave darnpingproperties
Both regular or irregular waves can be specified, and for the
latter multi-directional (short crested) seas are allowed.

SCORES was written in the FORTRAN IV language and
checked out and run on the Control Data 6600 Computer using the
SCOPE operating system (version 3.1.6). The program is un-
classified.

The method of analysis used in SCORES is outlined below
in Section 11. All the equations of motion and loadings are
given. In Section IIT, the organization of the SCORES program
is discussed briefly. An explanation of input data card prepara-
tion is given in Section IV, and of program output in Section V.’
An example problem is shown. Error messages which can appear
during program execution are described in Section VI.

The Appendices include a description of the FORTRAN
program organization, flowcharts for each subprogram and a com-
plete cross-referenced (to the flowcharts) listing of the source
language.

11. METHOD OF ANALYSIS

The analysis used in SCORES was developed and investigated
to some extent in work supported by the Ship Structure Committee.*
The exposition to be given here will serve as a convenient listing
of the equations, but for the full derivation and explanation of
the analysis method, the references listed should be consulted.

*Kaplan, Paul, “Development of Mathematical Models for Describing
Ship Structural Response in Waves,”” Ship Structure
Committee Report SSC-193, January 1969 (m 682591)

Kaplan, P., Sargent, T.P. and Raff,A.I. , “An Investigation of the
Utility of Computer Simulation to Predict Ship
Structural Response in Waves,” Ship Structure
Committee Report SSC-197, June 1969 (AD 690229)

Kaplan, P., and Raff, A.I., “Evaluation and Verification of Computer
Calculations of Wave-Induced Ship Structural Response,”
Ship Structure Committee Report SSC-229, July 1972.



The relationship between the water wave system and the
ship coordinate axes system is shown in Figure 1. The wave propa-
gation, at speed c, is considered fixed in space. The ship then
travels, at speed V, at some angle, ~ with respect to the wave
direction. The wave velocity pktential, for s;mple deep-water
waves! is then

where a =

k =

z’ =

x’ =

t =

defined by:

-ace-kz’ COS k (X’ + C~)
(1)

wave amplitude

wave speed

wave number = ~

wave length

vertical coordinate, from undisturbed water surface
positive downwards

axis fixed in space

time

The x-y axes, with origin at G, the center of gravity of the ship,
translate with the ship. The x’ coordinate of a point in the x–y
plane can be defined by:

x’ = -(x-FVt) cos E? -+y sin B (2)

Then, the surface wave elevation ~ (positive upwards) can be ex-
pressed as follows:

1 ( )
a $W

n n —

9
— = a sin k (x’ + et)at

zl—-0

since Cp=f

where 9 = acceleration of gravity

In x-y coordinates we have:

n = a sin k [-x cos 6 + y sin B+(c-V cos B)t]

. m
n z —

Dt ‘(~ -vat +) n (X,t)

.
n = akc cos k [-x cos B+y sin @ + (c-V cos !3)t]

(3)

(4)

(5)
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direction of ship travsl
at speed, V

\

I

x

I

<

wave diraction of
propagation at speed, c

axis fixed in
space

Fig. 1. Wave and Ship Axes Convention

and .. .
tl= ‘~ = –akg sin k [-x cos B+y sin 6+(c-V cos f3)t] (6)

The results of the equations of motion, etc.~ will be
referenced to the wave elevation rIat the origin of the x-y axes,
that is:

n = a sin k’(c-Vcos B) t (7’)

or iI= a sin Wet

where

2n
‘e = — (c-v Cos s)A

and w is known as the circular frequency of encounter.e

A. Vertical Plane Equations

The coupled equations of
downwards), and pitch, 6 (positive

I
‘b

..
mz = ~dx+zw

x
s

motion for heave, z (positive
bow-up) , are given as:

(9)

—.- —



I
‘b

Iy;x . ~xilx+M
dx w

Jx

.s

where
~.

Iy=

dz
=

x~,

z
w’

mass of ship

mass moment of inertia of ship about y axis

local sectional vertical hydromechanic force on
ship

mates of stern and bow ends of shipr~= Coord”
respectively

Mw = wave excitation

The general hydromechanic force is

force and moment on ship

taken to be:

dz D
m= - m [

33 (;-X6+VO)A’ 1-N;(;-x;+VB) –pgB*(z-xQ)

where

P =

‘:3-

N; =

B* =

and

N; =

with

z =

density of water

local sectional vertical

local sectional vertical
coefficient

local waterline beam

pgqJJ3

added mass

damping force

ratio of generated wave to heave amplitude for

(lo)

(11)

(12)

vertical motion-induced wave

Expanding the derivative, we obtain:
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dZ
[

%3—=
dx - A;3 (z-x;+2V6) - N;-Vm

1
(;-X6+VB)

- pgB* (z-x6) (13)

The equations of motion, (9) and (10) are then transformed into
the familiar form as follows:

.. ..
a’z + b; + C’Z - de - es - g’e = Zw (14)

A; + B6 +CO - Dz - E; - G’z = Mw (15)

The coefficients on the left hand sides are defined by:

a’ = mi-
J‘~3dx

,

~.

i IN; dx -V d (A;3)

,

cl= pg B*dx

J

r

d=D=

!

‘;3 x

~dx -2V

dx

B*xdx -Vb

‘i3dx-v

A = Iy+ A’
33

xzdx

xd (A;3)

J

— —- —. —



~=\ N,x2dx.2v~A;3xdx.v~x2d;A,3,
C=pg B*x,d~.VE

E =

J

N;xdx-v

I

xd (A;3)

G’= ~g

!

B*xdx

where all the indicated integrations are over the length of the
ship.

The wave excitation, the right hand sides of Eqs. (14)
and (15)~ is given by:

1
‘b dZ

Zw = ~ dxdx

x
s

(17)

(18)

The local sectional vertical wave force acting on the
ship section is represented as:

(19)

— — -—
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where E = mean section draft. Substituting the expressions for n,
h and ~ fromEq. (4), (5) and (6), with y=O and applying the
approximate factor for short wave lengths we obtain:

dZ ae-kii
2=-

{[

(~gB*=A;3 kg)sin(-kx cos ~) +

kc ( )– ‘Os(-”co’dcos“J+[(P’B’-A’3’%3
‘N;-v dx

() %3 1
COS(-kx COS E)-kc ‘;-v dx

1 J
sin(-kx cos 5) sin Uet .

[

rB*sin —A
sin 6

)
(20]

ITB*
A

sin ~

The value of ~ is approximated by:

ii = Hc=

where H = local section draft

C~= local section area coefficient

The steady state solution of the equations of motion are
obtained by conventional methods for second order ordinary
differential equations, using complex notation. The solutions are
expressed as:

(22)

where the zero subscripted quantities are the amplitudes and &
E are the phase angle differences, i.e. leads with respect to the
wave elevation in Eq. (7).

The local vertical loading is given by:

dfz .. ..

dx = ‘dm ‘Z-xc) + % ‘%

— ..— — —
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where dm = local mass, per unit length.

~t (23) is simply the summation of inertial, hy~rodyn~i~, hy&co-

static and wave excitation forces. The latter terms are given in
Eqs . (13)and (20). The vertical bending moment at location X. is
then given by:

x

_l 1]

o ‘b
df

BMz (Xo) = or (x-xo) & dx (24)

xs xo

and is expressed in a form similar to the motions, i.e.

13MZ= BMZO sin (Uet+O) (25)

B. Lateral Plane Equations

The coupled equations of motion for sway, y (positive to
starboard), yaw, ~ (positive bow-starboard) , and roll, $ (positiVe
starboard-down) , are given as:

IZJ -Ixz; = dY
s X dx+N

w
JX

s

Jx
s

where I = mass moment of inertia of ship about z axisz

I = mass moment of inertia of ship about x axis
x

(26)

(27)

(28)

I = mass product of inertia of ship in x-z planeX2

— — —
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dY— = local sectional lateral hydrodynamicdz

dK— = local sectional hydrodynamic rolling
dx

force on ship

moment on ship

IfwrNw, Kw = wave excitation force and moments on ship

~ = initial metacentric height of ship (hydrostatic).

The hydrodynamic force and moment are taken to be:

dY D— =
dx “ m [ 1

Ms (j+x&V~)-Fr5~ -Ns (j+xj-v~) 1-Nrs;

(29)

+m~=(Q) + m NJ

(30)

where m =

Ms =

N~ =

Ms~ =

N =s~

Ir =

Nr =

F
rs =

N
rs =

and the sectional added mass moments and damping moment coefficients
are taken with respect to an axis at the waterline.

distance of ship C.G. from waterline, positive up

sectional

sectional

sectional
motion

sectional
motion

sectional

sectional

sectional

sectional

lateral added mass

lateral damping force coefficient

added mass moment of inertia due to lateral

damping moment coefficient due to lateral

added mass moment of inertia

damping moment coefficient

lateral added mass due to roll motion

lateral damping force coefficient due to
roll motion

-..



10

The additional roll damping
and bilge keel effects is taken as a
critical roll damping, as follows:

moment to account for viscous
particular fraction of the

where Nr* =

h =

cc =

L =

“$ =

sectional damping moment coefficient due to viscous
and bilge keel effects

fraction of critical roll damping (empirical data)

critical roll damping

ship length (L=x~-xs)

natural roll (resonant) frequency

Nr(mo) = value of Nr a-k frequency ~
$“

The critical roll damping is expressed in terms of the natural
roll frequency by: -

cc =2mgtX ~-1
$

7

1. .J

where the integral is over the ship length.
the natural roll frequency, u , as indicated

$out by means of successive ap roximation.

(32)

The calculation of
above is carried

Expanding the derivatives, we obtain

dY .. ..

i )

dM
— = -Ms(y+x~-2V;) + —dx v dxs ‘%

($+X$+7$)

(33)

‘ (Frdm”) “ [NrsN:v (~’m~H’

dK—. .
dx

[(

Ir -1-~ MJL ‘rs + m Ms

)1 [

;+ v

—.



(34)
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( )(-~~r~+ N~+W~ N — -=+65=: )
-N. -N; ] i’ +-(:s;::.):XV-2V,
[ (dhl dM

+N

)1

+~N~–V ~+~< (j+xlj-vi))
Sl$

The equations of motion, (26), (27) and (28) are then transformed
into this familiar form:

all;+a12~+a14~:a15i+al~v+a17T+a18$ = Yw

a21?+a22?+a24$$a25;+a26$+a27~+a28& = NW

~

(35)

a31Y+a32~+a34;+a35$+a36$+a37~+a38;+a39$ = Kw

The coefficients on the left-hand sides are defined by:

all J=m + Msdx
a12=JN.dx-vJd(M.’ r

a14 J
= Msxdx , a15 = J ~ J

Nsxdx -2V M~dx -V xd(Ms) ,

a16 = -va12 ,
Ja17 = “ ‘rsdx f

- ~ Msdx ,

a18 = - J J J ~
Nr~dx + ~V d(Ms)-~ N~dx + V d(Frs)

a21 = I
Msxdx ‘ a22 J J

= Nsxdx -V xd(M~) ,

1(36)

)

a24 = I
Iz+ Msx2dx , a25 = I J

?Nsx2dx-2V M~xdx-V
f
x2d(Ms) ,

1

37)

a26 = -va22 ‘ ~a27 = ‘1X2 - ‘~s ~
xdx -~ M~xdx f

a28 = J J \ J
- Nr~xdx+~V xd(M~) -~ Nsxdx+V xd(Fr~) . )

— — — —
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\,r

I

-v 1~d(Ir)+~
a39

=mgi5i 1

where all the indicated integrations are over the ship length.

The wave excitation, the right-hand sides of Eqs. (35) is
given by:

I

‘b dy

Yw = — dx
dxw

Jx
s

I

‘b dy

Nw= —dxw
X dx

Jx

s

I
‘b ~K

Kw = F ‘x

x
s

> (38)

(39)

(40)

(41)

— — —
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The local sectional lateral force and rotational moment
due ko &he waves acting on the ship are represented as:

‘i+’ ‘in‘) (42)

(43)

where v = lateral orbital wave velocity
w

S = local section area

; = local sectional center of buoyancy, from
waterline

The lateral wave orbital velocity is obtained as follows:

a$W
vw=-— ay

-k~
v ‘ - akc e sin @ sink

[ 1
-x COSB + y sin B+ (c-V cos~)t (44]

w

and then we have:

Dvw -k~
—=-akge
Dt

sinB cosk
[ 1
-x cos B+ y sinB+ (c-V cosp)t (45)

—.- — .—
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After substituting these expressions and expanding terms, we obtain

mw
— = Tl cos wet + ‘1’2sin metdx

with
[ 1‘1 = ‘3 ‘T4 Cos ‘6 + c ‘5 ‘in ‘6

[

.

T2 = T3 -gT4 sin
1

T6 + C T5 COS T6

- ake-kfisin@

sin[$’ sinj

‘3 =

I

TB*
T sin 6

—

‘4
= pS+M~-kM

s$l

dM @Is~

‘5
~+kV&--

= ‘S-v dx

‘6
= -kx COS F

d%
and — = T, cos Uet + 7?8sin uetdx

(46)

(47)

with T = T
7 3 [

g T9 COS 1‘6 + c ‘1O ‘in ‘6

‘8 = ‘3 r
-g T9 sin 1‘6 + c ‘1O Cos ‘6—

( )

B* 3

‘9=~m- -S; -M -5E T4Sr$

dMs+=N—
‘1O S+ ‘v dx -~ T5

The steady-stake solution of the equations of motion are expressed
as:

Y=YO sin (uet + k) (48)

-.. —. — —

(49)



(50)

where the zero–subscripted quantities are the amplitudes and K, a

and v are phase angle leads with respect to the wave elevation.

The local lateral and rotational loadings are given by:

(51)

where c = local center of gravity (relative to ship C.G.)
positive down

Y = local mass gyradius in roll

and the hydrodynamic and wave excitation terms are given in Eqs.
(33), (34), (46), and (471.

The lateral
x are then:o

BMY(XO) =

TMX(XO) =

[

bending and torsional moments at locztion

and again they are

xo

or

x
s

x
o

or

xs

7
‘b

df
(X-XO) + dx

‘o I
-1

expressed in this form:

BM = BM
Y yo

sin (wet + -r)

TMX = TMXO sin (uet + V)

(53]

(54)

(55)
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The requirement on the local vertical mass center is:

I

‘b

6rn.Cdx= O (56)

‘s

Similarly, the requirement on the local roll gyradius is:

1

‘b

6mY2dx = Ix (57)

xs

(58)

The product of inertia in the x-z plane is defined by:

\

‘b

I = amx~dx
Xz

xs

c. Wave Spectra Equations

The wave spectrum for calculations in irregular seas is
considered to be a separable function of wave frequency and
direction as follows:

s (U,LI) =

where s (U,ll)=

k!.

u =

Sl(m) =

s2(ld =

s+ s2(ld for O<w<m— .

(59)

and - ~ ~ u ~ ~

directional spectrum of the seaway (short
crested sea spectrum)

circular wave frequency

wave direction relative to predominant direction

frequency spectrum (long crested sea spectrum)

spreading function

The SCORES program includes various spectra that can be
chosen as desired. However, in all cases, the following
relationship between the spectrum, or spectral density, and the
wave elevations~ or amplitudes, is used:

— —. —
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where ~= mean squared wave amplitude.

Since we impose:

1; S2(p) du = 1.0

(60)

(61)

. -
2

we then have:

(m

Jo
Additional statistical properties are formulated from the mean
squared amplitude:

where

a / ~
rms =

aavg ‘1.25 arms

al/3 = 2.0 arms

al/lo = 2.55 arms

arms = root-mean-squared wave amplitude

aavg
= average (statistical)wave amplitude

(63)

(64)

(65)

(66)
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significant- (average of 1/3 highesti)
wave amplitude

average of 1/10 highest wave amplitude.

Neumann Spectrum (1953)

This frequency spectrum (as used) is given by:

Sl(w) = 0.000827 g2n3u-6e
-2g2u–2~–2

(67)

where U = wind speed

The constant is one half that originally specified by
Neumann so that this spectrum satisfies Eq. (62). Thus , originally
the Neumann spectrum required only a factor of ~~ in Eq. (65),
instead of 2.0.

Pierson-Moskowitz (1964)

This is given by:

74g’+w-4U-4Sl(w) = 0.0081 g2u–5e-.

and was derived on the basis of

Two Parameter (1967)

Sl(u) =

where ~ .

B =.

‘1/3 =

; =

~.~u-5e-wk
— —

0“25 %/32

(o *17 ~)~.
?

significant wave

mean wave period

fully arisen seas.

height (=2.Oa1/3)

(68)

(69)

This spectrum is usually used in conjunction with “observed”
wave height and period~ which are then taken to be the significant
height and mean period. This spectrum is similar to that adopted
by the I.S.S.C. (1967) as “nominal”, except that it is expressed
in circular wave frequency i“nsteadof frequency in cycles per
second.
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Uni-Directional Spreading (Long Crested Seas)

(70)

This is obviously:

S2(p) = 6(P) (delta function)

Cosine-Squared Spreading

S*(P) = ; COS2V (71)

Responses

All of the motions and moments calculated are considered
to be linear and the principle of wave superposition is assumed.
Thus for each response a spectrum is calculated by:

Si(u,ll)=
Fi(42 s ‘l’’tu)

(72)

where Ti(U,B) = response
per unit

We then have, similar to

m

1 I

$

~ =

o T.=

amplitude operator (amplitude of response
wave amplitude)

the wave amplitude:

whe~e a,2 = mean squared response amplitude.
1

Eqs . (63) - (66) then apply to each response,

D. Non-dimensional Forms
2

Frequency parameter: ‘e
%=?H
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Non-dimensional linear motion (heave, sway):
motion amplitude

a

Non-dimensional angular
(pitch, yaw, roll):

Non–dimensional moment:

Non-dimensional shear:

111. PROGRAM ORGANIZATION

A. General

In general, the SCORES
and organized to both keep a)
possible future modification)

motion motion amplitude

2va/~

BMz(orBM or TMX)

Pg B;L4a

Shear Force
pg B;La

computer program has been arranged
the coding simple and flexible (for
and b) the running times low (for

&bvious reasons) . Thus, precision of computation has not been of
major priority in program development. This approach is considered
reasonable at the present time because precise correlation (to
less than about 5%) with independent data (model or full-scale ex–
periments) is not envisioned, and the theoretical analysis itself
is an approximation.

Aside from the actual coding and data structure in the
program, which will not be discussed here (see Appendices A, B
and C of this report) , this approach manifests itself primarily
in two aspects. The first is the precision with which the local, or
two-dimensional, sectional added mass and damping characteristics
or properties, are calculated. For vertical oscillation, the method
of Grim* is used. For the two-dimensional properties in lateral
and roll oscillations, the method of Tasai** has been programmed.
In general, these methods can be carried out to increasing degrees
of numerical accuracy. For practical purposes of keeping running
time reasonable, these calculations have been limited. For example
in the lateral and roll computations, the infinite series of terms
representing the velocity potential is truncated to nine terms
and only 15 points along the Lewis form contour are used for least
square approximation purposes. While the full range of section
properties and frequencies has not been explored in detail, results
on the order of 1% accuracy or better are obtained for average
sections over a wide frequency range.

* Grim, O. , “Die Schwingungen von schwimmeden, zweidimensionalen
Korpern,” HSVA Report No. 1171, September 1959.

Grim, O., and Kirsch, M., private communication, September 1967.

**T’asai,F. , “Hydrodynamic Force and Moment Produced by Swaying and
Rolling Oscillation of Cylinders on kh~ Free Surface,”
Reports of Research Institute for Applied Mechanics,
Kyushu University Japan, Vol. Ix, No, 35, 1961
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The second aspect of program organization is related to the
above. While the computations of the two-dimensional properties
are limited as described, they still are relatively lengthy. That
is at a particular condition of ship speed, wave angle and wave
length, the bulk of the computation time would be devoted to these
calculations rather than the formation of the coefficients,
wave excitation, solution of ship motions and the resulting
calculation of applied moments. Therefore, it was decided that
rather than calculate for each frequency at each cross-section
the above mentioned two-dimensional properties, instead the two–
dimensional properties are calculated first at 25 values of
frequency over a wide range and then interpolated (or extra-
polated) for each subsequent frequency. The results of the initial
calculation over the frequency range are saved in the computer
memory for the calculations at hand, and can also be saved on a
permanent disc file (or magnetic tape storage) , for later usag@.
In this way, a large range of ship speeds and headings can be run,
each over the appropriate frequency range, without excessively
high running times. The interpolation procedure used is a
six-point continued fraction method which gives results that are
generally well within l%.

In other respectsl the SCORES program is organized in a
fairly straightforward manner. The input consists of:

a) basic data which specify the hull form and weight
distribution and.

b) conditional data which specify the speeds and wave
parameters.

Repeated sets of conditional data can be run with the same basic
data, that is, for the “same defined ship. A fair amount of input
data verification is incorporated into the program.

B. Restrictions

The main restrictions in the program concern the following
iterns:

Maximum no. of ship cross–sections ..........21
(stations O to 20)

Maximum no. of wave angles (in one run) .....25

Maximum no. of wave lengths (in one run) ....51

Maximum no. of sea stakes (in one run) ......10

The core storage requirement is about 25,000 cells as
compiled on the CDC 6600. This includes the program instructions,
data storage and system routines to handle input–output system
control and provide mathematical functions. It would be possible
to decrease this core requirement via program overlay and
linkage techniques, should the need arise. However, it probably
would be relatively difficult to fit the program within a 12K
core restraint.

. — .-
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The word length on the CDC 6600 is 60 bits. No loss in
overall computational accuracy would be expected if this were
reduced, as in other digital computers, to 36 bits.

A special syskem subroutine called DATE is used which
provides the current date. This is used only in the heading on
the output.

The following approximate times are for running under the
SCOPE operating system on the CDC 6600 computer.

Program compilation (RUN compiler) ..........lO .0 sees.

Program loading into core ................... 1.0 sees,

Calculation of TI)P*Array (21 sections,
both vertical and lateral modes) .......... 25 Sees.

Calculate motions, moments at one condition,
(21 sections, both vertical and lateral
modes) .......● .● ................● ......... 0.14 sees.

Calculate spectral response, for each
spectrum, for each cond~t~on. ............

. .
0.006 sees.

Thus , for a run with two ship speeds, 7 headings (at 30° increments
from head to following seas), 21 wave frequencies (to adequately
cover the spectral energy bands) and 5 sea states, the incremental
time once the program was compiled, loaded and the TDP Array was
calculated, would be estimated as follows:

(2) (7) (21) [0.14+(5) (0.006)] = 50 sees.

IV. DATA INPUT

This section of the manual describes the details of data
card input to the SCORES program.

A. Units

For calculations in regular waves, there are no inherent
units assigned to any of the variables in the program. Thus, the
user is free to choose any desired set as long as they are
consistent for all input parameters. The units are established
by the input values of water density and gravity acceleration.
Some typical units are shown below.

.—

*Two-dimensional properties

— — — — .
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I I
Water Density lbs./cu. ft.

~

tons/cu. ft.

I
Gravity Accel.

I
ft./sec.2

I
ft./sec.2

I
meter/see. 2

I

[

Resultant Unit I ft.-lbs.-sec. ft.-kons-sec.
System I

meter-metric
-LOn-sec. /

Wave direction angles are always specified in degrees,
rather than radians.

Howeverr for spectral calculations in irregular waves, using
either the Neumann or Pierson-Moskowikz spectra, the SCORES pro-
gram assumes ft.-see. units, full scale. The input wind speeds
used to specify spectral intensities, or sea skates, are then
assumed to be in knots.

The following input data description indicates typical
consistent units for all parameters. Other systems of units
could be used, as noted above.

B. Data Card Preparation

Every data card defines several parameters which are
required by the program; each of.these parameters must be input
according to a specific format. “I” format (integer) means that
the value is to be input without a decimal point and packed to
the right of the spec$fied field. “1?”format (floating point)
requires that the data be input with a decimal point; the ntier
can appear anywhere in the field indicated. “A” format
(alphanumeric) indicates that certain alphabetic characters or
title information must be entered <n the appropriate card columns.

If the field is left blank for either “I” or “F” format,
a value of zero (0) is assigned to the parameter. Thus, parameters
not required by the program for a particular problem need not be
specified.

The card order of the data deck must follow the order in
which they are described below. Cards which must be present in
every run~ regardless of options, are marked with an asterisk (*).
The first eight types of cards are considered the basic data set,
while subsequent cards are the conditional data set(s) .

1) Title Card (*)

Columns Format EEz

1-80 A Any alphanumeric title
information, used to label
job output

— — .-.— ..-.
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The first 30 columns are used as a label for the TDP array file.
Thus , subsequent runs using the file must duplicate these first
30 columns which are then checked against the file label before
using the data. This avoids inadvertent use of an incorrect
TDP file.

2) Option Control Card (*)

columns Format Entry

1-2 I Integration option control tag
3-4 I Moment option control tag
5-6 I Mass dist. option control tag
7-8 I Wave spectra option control tag
9-1o I Degrees of freedom option control tag

11-12 I Directionality option control tag
13-14 I TDP file option control tag
15-16 I Moment closure option control tag
17-18 I Output form option control tag
19-20 I Torsion axis option control tag
21-22 I Number of ship segments

Each option control tag is given a value of O, 1, 2 or 3
where the meaning of each is given in the table below. The last
entry of the card, the number of ship segments, corresponds to the
even number of equal length segments, or strips, into which the
ship hull is divided lengthwise for purposes of calculation.

OPTION CONTROL TAG INTERPRETATION

Letter ~ Tag
Code \ Descriptor

A ~ Integration

B ~ Moment

c

D

Mass dist.

Wave spectra

Options Available

o:
1:

0:

1:

2:

0:
1:

0:
1:
2:
3:

Simple summation
Trapezoidal rule

Calc. motions only, use
summary mass properties

Calc. motions only, use
ma~s dist.

Calc. moments, use mass
dist.

Input masses
Input weights

Regular waves
Neumann spectra
Pierson-Moskowitz spectra
Two parameter spectra

(continued on next page)

— — .
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OPTION CONTROL TAG INTERPIWTATION, Continued

E ;

1?

I
G

I

Degrees of
freedom

Direction-
ality

TDP file

H

I

J

Moment
closure

Output form

Torsion axis

options Available

o:
1:

2:

0:
1:

0:

1:

2:

0:
1:

!:

o:
1:

Vertical plane only
Vertical and lateral plane
Lateral plane Only

Uni-directional waves
Cos-sq . wave spreading

Genera&e TDP file, write
on file (Tape 10)

Read TJ)Pfile, (Tape 1(J), print
out TDP data

Read TD.Pfile, (Tape 10), no
print-out

Suppress closure talcs. .
Calc. and print out

closure results

Dimensional
Non-dimensional

Center of gravity
Waterline

3) Length Card (*)

Columns Format Entry

11-20 F Ship length (ft.)
21-30 F Water density (tons/cu.ft.)
31-40 1? Acceleration of gravity (ft./sec.2)
41-50 F Ship displacement (tons)

The entri~s on this card are self descriptive and determine
the units to be used for all other parameters, except as noted
earlier.

4) Hull Form Cards (*)

Columns Format Entry

1-1o F Section waterline breadth (ft.)
11-20 F Section area coefficient (-)
21-30 F Section drafti (ft.)
31-40 F Section centroid (ft.)
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One card is used for each section to be specified, in order
along the ship length starting at the bow. For example, if the
number of segments is 10, and the integration option tag is O,
then 10 hull form cards are required which correspond to the hull
at stations l/2, 1 l/2r 2 1/2, .... 8 1/2, 9 1/2. If the
integration tag is 1, then 11 hull form cards are required at
stations 0, 1, 2, 3 ..... 9, 10.

The entries for sectional waterline breadth, area coef-
ficient and draft are straightforward. The fourth entry, the
section centroidr is measured downwards from the waterline , If
no entries are given and the centroids are needed for lateral
plane motions calculations, approximate controids are then
calculated based on the area coefficient and draft (using a two–

dimensional version of the Moorish Approximation).

5) Lateral Plane Card

columns Format Entry

1-10 F Ship vertical center of gravity (ft.)

11-20 F Radius of gyration in roll (ft.)

This card is used only if the degrees of freedom option
tag is 1 or 2, indicating lateral plane calculations. The ship
vertical e.g. is measured from the waterline, positive upwards.

6) Smary Mass Properties Card

Columns Format Entry

1-1o F Radius of
(ft.)

gyration, longitudinal

11-20 F Longit~dinal center of gravity
(ft.)

This card is used only if the moment option tag is O.
The longitudinal cmter of gravity is measured from amidships,
positive forwards.

7) Sectional Mass Properties cards

column Format

1-10 F

11-20 F
21-30 F

These cards are used

Entry

Segment weight, or mass (tons,
or tons-sec2/ft.)

Segment vert. e.g. (ft.)
Segment roll gyradius (ft.)

only if the moment option taq is
1 or 2, in lieu of the summary mass properties card above. One
card is used for each section to be spe~ified, in a similar
manner as the hull form cards described earlier.

The first entry on each card is the segment weight, or
mass, depending on whether the mass dist. option tag is 1, or O,
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respectively. The second entry, the segmenk vextiical center of
gravity, necessary only for lateral bending moment calculations,
is measured, positive downwards, with respect to the ship’s over-
all vertical center, as specified on the lateral plane data card
above. Since it is required that the vertical mass moment
integral satisfy the specified overall V.c.q.r the input segment
V.c.g. ‘s are shifted by an equal amount, up or down as necessary
to exactly balance the vertical moment for the hull. This
minimizes the effort required to obtain precise balance in input
data preparation. The third card entry, the segment roll gyradius,
is needed only for torsional moment calculations. If no entries
are given the overall ship value is used at each segment.

8) Moment Station Card (*)

Column Format Entry

1-1o I First station for moment calculations
11-20 I Last station for moment calculations
21-30 I Increment between stations

The parameters on this card determine where along the ship
hull the moment. calculations are to be performed. Station numbers
are defined as zero at the forward end of the first segment,
increasing to N, the number of segments, at the after end of the
last segment. If the calculations are required only at one station,
then the first two entries on the card should be equal to that
station number.

The moment results at only one station are stioredfor
subsequent irregular seas spectral calculations. In the calculations
over a range of stations at which moments are calculated (and
printed), then only the results at midships are stored for the
subsequent spectral calculations.

9) Run Control Card (*)

Columns Format Entry

1-10 F Run control tag and wave

11-20
amplitude (ft.)

F Initial wave length, or
frequency (ft. or rad./sec.)

21-30 F Final wave length, or frequency
(ft. or rad./sec.)

31-40 F Increment in wave length, or
frequency (ft. or rad./sec.)

41.-50 F Initial ship speed (ft./see.)
51-60 F Final ship speed (ft./see.)
61-70 F Increment in ship speed (ft./see.)

The first entry, the run control tag? determines program
continuiti~:

.



28

I Run Control ‘Tag Action
1

Greater than 0.0 Continue calculations, using this as
wave amplitude

0.0 (or blank) Stop calculations; read new basic
data set

Less than 0.0 Stop program execution

Thus , if the run control tag is not greater than 0.0, then
the remaining parameters on the card are irrelevant. Z%blank
card, for example, is used to stop calculations and proceed ‘co
read a complete new set of data starting with the title card ,
1) above. This parameter is also used as the wave amplitude, and
is usually set to 1.0.

The next three entries determine the wave lengths to be
used in the calculations. If the wave spectra option control tag
is O, indicating regular waves, then these entries are the initial,
final and increment in wave length. If the wave spectra option
control tag is greater than O, indicating irregular wave calculations,
then these entries are the initial, final and increment in wave
frequency. The increments should always be positive, so that wave
length, or frequency, increases from initial to final value.

The last three entries are similar parameters for ship speed.
If calculations are required at only one value, then the initial
and final values should both be set equal to it.

10) RO1l Damping Card

Column Format Entry

1-1o F Fraction of critical roll damping
(empirical data)

This card is used only if the degrees of freedom option
control tag is 1 or 2 indicating lateral plane motions calculations
are included. The calculated wave damping in roll, at the natural
roll frequency, is increased so that the total damping is the
specified fraction of critical damping. The additional roll
damping thus determined initially is then used for all subsequent
calculations .

11) Wave Angle Card (*)

column Format Entry

1-10 F Initial wave angle, degrees
11-20 F Final wave angler degrees
21-30 F Increment in wave angle, degrees

These entries specify the wave direction angles to be used
in t-hecalculations and are always given in degrees. For
calculations with uni-directional waves, the meaning of the
parameters is as indicated. If the directionality option control

— — —
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tag is greater than O, indicating calculations for a directional
wave spectrum, then only two choices exist. If the initial wave
angle is 180.0 the calculations proceed for head seas only,
including the wave directionality. If the initial wave angle is
not 180.0 the calculations proceed for all angles from following
seas to head seas, in steps according to the wave angle increment
specified.

In bOth cases the integrations with respect to wave angle
use the same increment, as specified.

12) Wave Spectra Card(s)

columns Format Entry

1-1o I No. of sea states (wave spectra)
11-15 F First spectra parameter
16-20 F Second spectra parameter
21-25 1? Third spectra parameter
(5 Col.
fields) F :
56-60 F Tenth spectra parameter

This card is used only for calculationsin irregular seas
(wave spectra option control tag is greater than 0). The first
entry specifies the number of sea states (spectra) to be used
(maximum 10). For both the Neumann and Pierson-Moskowitz spectra
(wave spectra option control tag equals 1 or 2), the parameters
to be specified axe the wind speed, in knots, for each sea
sta’ce. For the two parametex spectrum (option tag equals 3),
the parameters on this card are the significant wave heights
for each sea state. A second card is then used which contains
the mean periods for each corresponding sea state, as the
spectral parameter entries specified above.

c. Sample Input Deck

A sample input card deck listing is given on the next
page. The units are meters, metric tons and seconds.

v. PROGRAM OUTPUT

A. Description

The printed output from the SCORES program depends on the
option control tags set as input. Each output section will be
described, though in any given run not all sections will be
printed. Each section starts a new page and is labeled witihthe
title information and date.

The first part of the output is a listing of the basic
input data as processed. This defines the hull form and.weight
distribution. Then the conditional data cards are printed out.
For irregular seas cases, the wave spectra will then be printed,
together with internally generated wave statistics. If the TDP
array is calculated diagnostic messages concerning these
calculations may then appear.

— — — .—- — —
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The next output will be the listing of the two-dimensional
properties (TDP array) for each station and each frequency. If
the data is being read from file, this output can be suppressed.
For lateral plane calculations, the natural roll frequency and
roll damping information will then be printed.

Then, the vertical and/or lateral,plane responses will be
printed out with all frequencies, or wave lengths, for a given
ship speed and wave angle, on the same page. For irregular seas
calculations , this will be followed by a print-out of the
response spectra and statistics (long crested seas) . These pages
will be repeated for each wave angle at the initial ship speed.
Then directional seas calculations results will he output, if
specified. The output is, of course, then repeated for
additionally specified ship speeds.

B. Sample Output

A sample output listing, in abbreviated form, is given
following the sample input listing.

Sample Input Card Deck Listing

14.39 .Rf? 11.~~
22.88 .RY& 11. (-I3
,?b.($u .Q2~ 11.03
2?s5k .Q/n ...._jl. n3
27.57 .“”q9 ] li:03
27.57 .99+ 11. n?
27.57 .qy4 11.03
27.5? .994 11.03

“27.57 .994 11.93
_2!,57 :994... -.. -
??.57

. . ..;.+;{; -..
,~qk

Z7.57 .5’93 11.03
27.57 .iu Y” )1, ii3
27,57 .9b B 11. f13
27.24 .Qdl 11.03
?5. Y4 , “R51._..._ 11.03

‘23;46 ,75R
..il.:03 ---- .–

.19,63 .6d7 11. n3
13.07 .4L9 “-” 11.0?
4.41 .53 I.l Q

“-1.0Q85 U,960?5
2&o.6

“4US.”3 ‘–”--—-”-”
. . .. ——--.— —-------- .

1203.2
2406, j

.-.

.3850.1
4090.7 ““

.4331 *4 .—. .— .-— .. . . _._. _______ .
4331.4
33hu. B
lb8i. &

—. .-

“3?+65:I
3146.3
1955.1 ““”””-””””--–” -–-”-” “-

.—.

721.9
“401;3

—...—————— .— - ...__.

L20.3
-..1 ~“ -- .–r-m -- . ..-. -.--r . ..... .... ... -..

1.0 0,3157 1.3079 o.n451 b.5257 6mh257 1,0
0.10 .
10.0 17U. O ?U. n--.--...-–.–. .–i. >. ~

,-1,..-.-... ..-!!.~ ._

- — —
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Sample Input Listing

SERIES 60 HULL FoRM, 10. HO MLLICK (T140 F?PT. MO. 100 S) OCEANICS PPCIJECT ND. 1093—.

OPTION CONTHOL TAGS - A k c 1) EFGHIJ

1
–-~=–-j--o---o ~ .1 ...rT._ . ...- . . ..—.. __

h!Os “OF STZTIUNS

‘“LENGTH-”=” - “193.00 cEpl$I[y ❑ “1”.025000
UISPL, = 4Ml?b.4n GRAVITY = Y.806b5fl

ST AT TON hkAM 4PEA COk F, DRAFT Z-BC, R dEIti Hi ZFTA. .. fimoo.
-n. oodp -O, oollrl

GYR, ROLL
0$0000 ““rl. (looi 240. bOOO 0.0000 8.~6u2

l.nu 14.3900 ,87?0 11.0300 5.044,, 4H1.3000 f1.000o
2.00

8.q602
22.”RHnn”– .R94U 11.030L! 5.125<” 1203m2000 O. OrIn O B.9F,02

3.00 ?6.5uon .9291) 11.0300 5,;54n z&u(+.3oflo 17; oi(lo~ioo. ..-27i.5J.*.h–– S.9602
Y5mo—I Kiom o“ 5; Lo47— - 3F50a~.-u titi 0-

5.00 ?7.5700
~.?40z- --------—-----------–—-

.9910 11.0300 5.4815 koYIJ.7ooo 0.0000-–.. 6.:OU 8,9602./.t;5iun-. -.-.*.9940
11.0300 ““ 5.&”926””” ””4331 .4000 0.0000

7.00 27,5700 .9Y40 11.0300
8,9602

5.492? 4331.4000 o.oono
&.Qb 27,57011 .9940

8,9602
11;0”300” 5,”4926 3368.8000 0.0000 8.9602

Y,no 27.570n
-~~-;~—--27=7 ~F. ...-__.

.9Y4U 11.0300 5.492” 1684.6000 0.0000

.9940”
8m9602

“11.030 o-”T”,-i92i” -”- 168&.4000”
11.00 27.5700 .9940

o.OOOO----..B mq60z..–... . -.

12,00
11.0300 5. bY2”

““27.”5”70n” ““””””-.gmo” - 11.03(J0
1443,80U0 0.0000 8,9602

5.4h9i <195.8000 ““--””0,0000 8,9602
13,00 27m57nn ,9890 11.0300 5.474. 3290.7000 O,oorro 13.9602

““~”4; O~””” 27*570iJ ,q6e0-Il;-U300- ‘“-””5.3977 S633. bOOO --n.oono E.~602
15.00 27.240n .Q21O 11.0300 5.?24< 3465.1000 0.0000
16.00

8.9602
25. Yuon .8510 11.0300” ‘—”””-””-4.9677 ‘3i-k6, sooO” ‘“ O. OOOO

17. ou 23,460n .7580 11. !7300 &. fi25, 1955,1000

---~iq6m–...-.- .. . ..-.. _._.. .

0.0000
““lH.00 19.63fln ‘-

6.9602
“,6>70 11.0300 4.143e 721.9000 0.0000

19.00 13,8700 ./$190 11, u3un
8,$7602

3,378”
““20; 00-

401.300!7 0.0000
““4.41 (lfl

8.~602
“*5313u- 1.1000 .3777 120.3000 0.0000 8.9602

“--DF–=-”—=I; ii+q “Gi H”AnTu5,Ro”L[”-=”” -“-””w.~”~o –”-— —-—””””---- ‘-
CALCULATE MoMENTS AT STATION 10

L)LHIvL[) RESULTS
;ISPL, (W TS, I = 481~$.50

LUN~.––H;.H; 5– 4. (1 ~ IFWD i- OF MI DSHIPST ----- ‘--fi1_5~T~-;~–=- ‘---ZiR077,53

‘-L ON(7:-. C.G. = 4,875 IF bill. ~’ MILJSHIPS) l.n NG. GYRAu IUS ❑ 46-!59 GM = 1.378

SERIES 60 t~ULL FvR~l, O.Hn 6LL)CK (TfvO RPr, NO. 100 S] CJCE4A11C5 PRoJECT NO. 1093 sEP ?4* 1970

‘CONDTTTCJNAL 1h7UT-nxTA-cnaP- PRINT OUT- ‘--

1.0000 .3157
.1OUO

1.3n79 ,0451 6.c?57 6.5257 1.0000
--’’””irr,olloo”170.0000 ?0,00LIU

1 8.4 -0,0 -0.0 -0. u,-?. o -0,0 -O *(I -0,0 -0.0 -O*I7
‘—”””””-–”-”SU.-n -n .n–~iTi”fi-”-T. u -no -O-. O =0. n“ -0.0 -o.0 -0. n ~~~

SERIES *n MULL FORM, o.Ho FLOCK ITNO RPT. “hIo, 100 5) OCEANICS PROJECT.-.

WAv E SPECTPAL I] ENS ITY, TU() PARAMETER. lSSc ]967 spEc TRA
—.

SIG. HT. 8.400

MA1.$FR. 10.000

- “5FCCy RA”-FiI0. 1 ““
.—

WAVL FREQ.

NO. 1093 SEP ?4* 1970

-

,316- . 3&=–
.361 3.32R
.40h 8.“610
.451 1?,254
,496 “1-2. YEJ4

.- .-

.541 llg43

.5R6 9. BF4---” -

.631 ‘?. Ba(j—.
*676 ““ 6.?06 ““

.—

B72? k.846 1.173 .533

.767 ~.i82 1.218” .643

.s12 ?.961 1.263 .2.71
—..

.857 1.368 “---””““;313?.331
-— .—-——.—.. .. —..--— —..—— —.—__L.

.Ynz 1 .U47

.94”7 l.&75-
- --~y5r-— T; ~q=–—

R.l+. s.,992 I. la* ?.073

1.037 .961 AvF, ““”?”.539

l.ori? , 786 SIG. &.14f>

1*127 ,64 4—”-”‘——--- Av)/ii” 5.277 ““ --——-—-— ——--- =,--Tr-- — ---- .— .— --

— —— . -,.
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Sample Output Listing, Continued

sT& 2U,0
O.uooo IMFIWITY 0. 1.5164E-01 0.

.0100 ?.3139E+o0 1.44 bll E-n3 1.5327E-01 4.1053 E-o5

.0300 1. b71q E+na 1,1455E-02 1.56 H7E-01 6.19 boE-04

●u6Gn !,? Bll E+na 4.u(15i E-@2 1.6218E-01 3.3197E-03
.1 O[IO 1,0357 E+o0 9,72k?E-O? 1.6791E-01 i. U910E-02
.1500 L!, j20fi F-01 --mTzE=Til 1.7159E-01 2,6235 E-132
.2100 ?.591=lE-ol 3,3n MHE-01 1.70 bi!E-01 4.9848E-02
..2800 b;79h4E-ol
.3600___ b,23~o E-01
.4500 5. R24q E-ol
.5500 5,5394 E-01
.6700 5.3z’56E-01
.a?oo 5.,17 F.QF-01

l, UII)O 3.!l$197E-nl
1.2500 5. I16PIE-01
1 .mo--—- 5.. ln63E-nl
1. Y500 5,1Y94F-(,1
2.4500 k..311iiE-n I
3.0500 kl.3Y97E-nl

—Tonin:5753E. ol
4*7000 5. H186E-111

“5. UOC!I 5.95~4F-n I

5.1 Y17E-ok
7.5q~!E-ok
I, L)52HE, +O0
l,39MbE+O0
1,8314 E+TI0
2.3 H+ JE+II0

-3iIli9K+l)o
4, f1322E+o0

“5;1844E+O0
6. 1566E+O0
H.77m+om–
1.131 dE+nl
[.41 U7E+01
1.56 B1E+01
1.564 c?E+01

1.6358E-01
1.5311 E-01
].$060E-01
1.2 Hb5E-01

m55E. ol
1.(!776E-01
9,9-r l15E-02--
9*36 J5E-02
B,9413E-02
8.66 T9E-02

-m,zcGi7E-nT!
B.4952E-02
B,519EE-o?
B,58i6E-02
B, fi632E-o?

,B41J5E-02

,0630 E-01
.Z912E-01
.+526& -01
m-o=oT
.610 bE-ol
.bl.26E-m
.5716E-o L
.4977E.DT
.3945L-01
.2773E-DI
.15+J4L-01
.0385E-61
.2533E-02
.]9J3E-02

7,1 OO(I ~.06?5ti-fil 1.55 brE+oi B.7497E-02 7.2513E-02
T7~0--~2667- n3--5K8~+nr+nr - B.~-ZTTF-T!r-6WTT.5E-mZ

-2, L1796E-0]
-Z,9152E_ol

-2,9968F-01
-3,1172E-01
-3,2494F-01
-G37~mm
-3.3268F-01
-3,1871 E-O-1

:2.9490 E-01
-2.6703E-01
-2,4008E-0]
.~sr~=o~
-1 .9276 f-01
-1 .74 Y7F-01
-1.6252E-01
=T~5T7E-01
-1.5450E-01
- .58 lE-~
-1.6462E-01
-1.7166E-01
‘1.7~03F-01
-i, E!$4kE-01
-l,9039E-ol
=T;9574E-01
-2.0115E-01

0, b.633fl E-01
-9,0894E-05 6,7142E-01

‘1.3757E-03 6,89s5E-o I
-7, &1149E -03 7.1632E-01
-2,44 s2E-02 7*4630E-01

=~~3Ei02 ‘7,671 f!E-o K
‘1.1373E-01 7,65? ?E-01
-1,-B OP2E-01 7.3400E-01
-2.6827E-01
-310601E-01
-3,500 BE-01
.3 W3T5E -01
-4.0735E-01
-4.2.? 94 E-IT1
-4.3199E-01
-4.3622 E-7JI
-4.3575E-oi
-4.27 .54 E-01
-4,0 B65E-01

-3.71329E-31
‘3.4514E-01
-3.130 ZE-01
-.2.7925E-01
-? .4 B52E-01
-2,1946E-01

?;7934E-01
6.1403E-01
5,4951E-01

–FO?JTT3G O~
4.314 ?jE-01
3cB3q6E-01

3,4s13E-01
3,2550E-01
3,15qqE-01
3,- r~g~~~
3,2.147 E-01
3.45w,E-01
3.597 uE-01

‘3.7& 71 E-01
3t893n E-01
Q. T207E-01
4.1714E-ol

o. -2.8
2,0i24E-04 -2,9
3.0561E-03 =2,
1.6530E-02 -3.1
5.4955E-02 -3.2
I,34T5E-01 .3,3
2.5917E-01 -3,3
4,1519E.01 -3,1
i.7410E-o I
7.l191E-01
8,1809E-01

‘Bm2HE=ijr
9.5333E-01
V. E327+E-01
9. S93HE-01
9,7473E-01
9.4023E-01

-;9i349E-01
B.3156E-01
7.6443E-01
6.945 BE-01
6.233.5E-0]
5.5596E-01
4,9244E-TI
4,2975E-01

-2
-2,6
-2
7.T3
-1.9
.1
-1.5
-I
-1.3
- I
-1.2
-1.2
-]
-];2
-1
-1
-1,3

SERIES 60 HULL FORM. O.BO RLuCK (TND RPT. NO. 100 s) OCEAtd ICS PRoJECT IUO, 1093.—- SEP ?4,.—

SPEED ❑ 6,5257 WAVE ANGLE = 10.00 DEC. VERTICAL PLANE RE.sPoMSES (NON-01 MEN510NALl

‘- ‘--~~1 TLH @J&m -wmmP - M rm~--–p ~-~ rH-

FREOUEMCIE5 LENti TH LENGTH +MPL. PHASE LMPL. PIIAsE—

.31570 .?5039 618.232 3,2033 .B611 i79.3 .8729 ’85 .8

.36080 .2754q 473.334 ‘2.4525 (fbb 170 .s .Bom -84 .?

.4059n _.297~3 373,992 1.9378 :6657 178.0 .7.?62 ‘.22,4

.45100 .31771 -- J02. ~34 1.56~=–-.5~OT7677.T2~Z~Z— -an;~

.&9b10 .33Af11 250,358 i.2972 :3797 174.0 .5091 -77.4
;~4120 .3&9?b 21u.371 1.0900 2263 ‘167.4 .3841 -- -=7 L.?
,56630 ,361i3 179,251 .9288 :096k 142;6 :259~ “--‘70.2
*b31bo ,37n)4 54.558 .8008 07 49 . ●1449 ‘64.7
,67650 ,37659 134,637 .6976 :1254 31.0 .0523 -53.4
,72160 ,38037 -Ilfi33T---.mr -;-mr~r -70159 6?,.3
,76670 ,38140 io~,~zl .5431___%io77 20,0 , 0456 115.1
.EI1l Ho ,37993’ 93,49R” ‘—— .4B4* .0513 12,4 .0487 –-–TT4;F

, 65b90 ,37571 f13,9]5 .434!3 .0140 -9B,7 ,0331 135.3
962C o ,36082 15.?32 .3924 .lv14b -L39.9 mTr7 lbo.T
;94710 ,35927 68.692 ●3559 .0457 ‘i43,2 .0006 -76.8
,99220 ,.347nb .5z’59i— -;3243 7211 -L4303- .0133 –-49,5

1.03730 .33217 57.2h5 ,296T .0084 31,1 .0006
m?40 .31463

-32,4
52’5qT .2(25 --

1.12750 .2q441
.0210––—33.3 .0026–-%H

48.469 .2511 .0103 14.5 .0059 119,2
. 60 .27153 4+.813 .2 ,0124 -132.9 ●m3~*5

1,.21770 .24599 41.555 .2153 .022i -i57.8 .0019 -21?*8
‘IZ6280 .2177~Xi3;63~ 7~~0165 149.TJ .0052 –-49.4

1.30790 .1 H690 36.021 . 1H66 .0250 7.2. ? .0035 -es*3

‘VtR7TtiL-F.Et4 D
AMPLITuDE PHA

4,075E-03
‘-6;5W~.0T- ‘-

9,603E-03
‘- l.300E.02-

1.631E-02
1. B95E-02
2.026E-02

– r.w~~:u~
I,696E-02

‘l; .237E.02
6.793E-03
2.16.4E-03
3.321 E-03

T.3G3G 03-
3.069E-03
~w262E.04
l, b70E_03
1.93BE-03
7.459E-04
Imm

11
-150
-~~~

-120
-9

13
-144

2.316E-03 -i43
1.008E-03 17
1.821E-03



Sample Output Listing, Continued

SERIES bn HuLL FORIM, n.HO FLOCK ITIVO HpT. No. 100 s! 0CE8M[CS PRfl JECT NO. 1093 SFP ?49 1970

SPEED = 6.525-/ I,AVE A,YGLE = 10.00 DEc. LA TEHAL PLANE RF SPONSES (NON-O IMFMSIONd Ll

WAVE- mCi3nF7TER WAVE WnVE/SHIP SWLY YAW !?0

FRLOl)t NCIE5 LFM5TH LEhlGTH ,,l.lPL, PHJSE ~hlp~m PHASE Af4PL .

.3 L570 ,25039 61u.23? 3.2033 .169b 90.6 .1807 -,4 .zb74

‘.36080 .275kY Q7XT3T -z4525–
,4!7590 .297Q3

-–.15= -7;E~9fi--Yc--:~~9
373.992 1.937FJ .1265 Yi, l .1?10 .5 .2675

— .45To0 ,’31771 372-,-934 -1,56~6 –mo~90 91-i3--- ,1567 1,1- ,2593

.4~blo .336P1 250,359 1.2’972 .0651 91.0 ,136P 1.8 ,2235
—-74120 ,349?F 210,371 l,i)qall .0299” P,i3;4 ,1109 ?.-T - .14.23

.58b3rJ .361 /13 17 Y,251 .q7B8 .0045 -36.4 , 0U22 3.6____ .0398
,h314rl .3rn L4 15 L!;55H - .13uoti . [1262 -mi4- ~r 4.4 –.0858
.67650 ,376<9 __ 134.637 .6976 0431 -7T.8 .0261 3.9
.7?160 .3 R[137 118:333 ;0439

●1773
-: b131 -–--77,5 .oo4fi -13.6 ;2224

.76670 .38148 104.82] .543) _. 0320 -77,7 ,0107 -15r+.4

.e.l ian ,37993 Y3;4YH - ,4.544 .o12k
..2166

-85,2 ,0]61 -160,6 .1651

.H569rJ ,37571 ‘e3, Y15 .434a Jgoo 130.1 ,0147 -15R.9 .0814

—Tlmflo .3.5ttP2 7b,733 .3924 . 024 T—- 12TZ— .on B6 -15$.$- ,0094
,94710 ,35q77 60.6q2 .3559 .0260 1?2.0 .0010 -163.3 .0685
,59?20 ,3i+7*b b2.5Yn .32Q3 .0152 120.3 .005] 36.8 .0779

1 .03?30 .33?}J hJ. ?/,5 .2967 .0047 -9.8 ,0075 61.8 .0501
l.lle?bo .71463 5? .593 .2)25 .0209 ‘-35;2 .0056 46,9 .0161

1.12150 .29441. ~~.;:;; __ .2511 ,0.248 -3.5. 3 .0007 2B, B .0064

7im60 — ,md .23?T -:mo3 —=53>5 – ,Oom -T13. T—.O116
1,21770 ,z45q9 41.555 .2153 .0213 173.5 ,0069 -111.7 .0080

1.26?J70 .?i777 36 .-fi39 .?o (l? .0423 166.4 .0037
1,30790 .lf16go 36.021 ,IB66 .0235

-113.8 .0029
157.0 .0044 .97,2 .0009

I-L

PHASE

-95.3
‘97,2

-ion. z
-104.0
-A]I,4
-119,1

_-ll?.5
2P*3
1’4.0
16. ?
lh.5
20,3

2~,9
-17fl.l
-133.7
4;:::

-loq.7
116.3
104,0
106,2
10R.3

-. 9

LATERAL 5END. MTo
&F3v L1 1 UUL

2.1 B2E-04
3,935E=m
6.7??E-04
1 ,QF!?E-03

1.623E-03
2.235E-U3
2.823E-03

‘3. ?19E-03
3,311E-03
2,994E-03
2,29 E4E-03
1.381E-03
4.924E-04
1 .287E-04
3.433E-04
1.~95E-04
2.077E-04
5.31$E-04
b.654E-04
5.206E-04
I ,763E-04
1.1280 E-134
2, fJ12E-04

.

f-l-i.>=

97,0
~h.1
95,1
~fl,4
94,0
94.0
94.2

-~4.9
96,0
97,6

100.0
ln3,4
10+3.5
-71,3
.5(3,5
-34,8

W*5
126,5
130,4
145*5 -

13e.3
3,7
-.7

TORSIONAL MOMENT

&MPLITUDC PH45E

2,362E-05 -146.1
3;730E-r15 -145*J
5,440E-05 -144,:
7. ZSJ6E-05 -143.”,
B,766E-r15 -143.’
Bm9rJ3E-05 -144.;
6.846 E-115 -140.;
3.369E-05 -131, !
5,905E-05 -22,1
1.15 HE-04 -4. (
1.611 E-04 4.:
1.795E-Ok 11.1
1*602E-04 18. +
l,0ti7E-n4 23.1
3,aooE-05 8,[
2m6f3BE-05 -93,:
4.02 FIE-05 -122.;
3.33aE-fi5 -144*{
1.079E-05 174.~
1.wr5E-n5 9*:
2.649E-05 63. (
2.6? EE-05 52*’
1,997E-05 $8, !

sEl?TFS bn HULL FoRM, O.HO !3LuCK (TNU RPI. h,o. 100 S) oCE&Ihl ICS PRoJECT ho, 10~3 SEP ?4! 1970

SPLEII = 6.5257 ,.dAVE &,qGLE = 10. (TO rlfc. SHEh R AND HOPENT CLOSURE RESULTS—

WaVE ‘~ii~oZl~TER iF,4u~ ‘w~/sHIp vETTICAL BENOING LdTERaL- BENDING TORSIONAL’
FPEQ1JENCIE5 L: NbTH LENGTH SHEAR MOMENT SHEAR 14r)t4ENT k40HEM7

,3157(I
:36(I96
,*n5Y(l

.45100

.49hlo

.5$120

.5 B63n

.63F6T

.6;650

.72!60

.i’h670

.81180

.85h90
,90200
,94110
,9’3?20

1,03770
1,08240

1,21770
l,262F!a
l,30/~11

,25[139 bl’a ,232 3.Z033
–Wbhf) ‘-- 471.334 -Z;.$r

.2q7Q3 37d, Y~2 1.Y37e

.31?71 .3n?.934 1.5696

.33491 ?5U.3SP 1.2972

.349?b 21 U. 371

.36in3 179.251
--ml+ — -1%4.55H

.376s9 i34. (137

.3 Flllj7 i IU.333

.3 F1148 104. B2I

.379C13 Y3.49H

.3757i 83,915
,36 FJB2—— 7!J.73T --
.35Y?T 68.69?
.34706 62,59n

.33217 57.26S

.31463 52,5Y3

.29441 .4B.4b9
V77 i 53-– ‘—m-owl 3

,245q9 4A ,555
.21777 36,639
.1 B69V 36.021

1.0900
.V2B8

–.-mm

, b976
.b13J
.5431
;4844
, 434.Y

‘,Tm
..3559
.3243
.2967
.2725
.2511

-.z’3?r
.2153
.2002
.1866

1 .031 E-15
‘-VX03E-1=

! ;114E-15
i..ll7E-l5 -
=,990E-16
t.204E-16
L.144E-17
> ,z27ET–
! ,175JE-16
?.264E-16
1 .557!s-16

‘7,635E-l T
?.q OYE-17
oz52E=I—
7.974E-17
h.510c-17
d.33HE-17
A.646E-17
4.431 E-17
P.630E=I–
a;255E-17
/..653 E-17
7,503 E-17

8.7 b2E-14
‘T.825E-14

8;7Y7E-i4
1.745E-14
9.-/3 l14l4
7.14aE-14
3.022E-14

‘2.5? 4E-l4-
1.490E-14
1.991E-14
4.h90E-14
6-,355E-14
2,704E-14

mm- 14
1.739E-14
2.12 ZE-13
1.5505.-13
1.302E-13
q.3b9E-14

~;w31E-13
1.538E-13
2.41 OE-I3
1.491E-i3

2,307E-i7
8, n 352=1-T
5,652 F-1”1
4,?93E-17
7,023E-17
5.n40E-17
3.719E-17

-3, tj14E-17
5,62?F-17
2.169E-17
1.?.62E-17
3.j B9E-l E!
7,272E-ia

-z; R79F-17
1.6 Z6E-17
q,272E-la
1,114E-17
2,456F-17
2,042F-17
3;61HE-18
8.624E-18
2,495F-17
I,176E-17

4,9g6E-13
S,938E-~3
2. Iq9E-13
7.944 !3-14
2.6 HfSE-13
7.6@E-]4
2.00 RE-1$
li63YEil%-
1.952E-14
1.392E-14
2. ITt3E-14
4.4 f36E-14
1.365E-13
3.z3aE-13-
0.
1*748F-13
2,047E-13
1.932E-13
4.012E-14
1 ,3g3E=Tr
3.409E-13
o.
6.333E-14

6.415 (?-14
‘q~4T6E=l4-

6.568E-14
5.475 E-14-
6,542E-14
4,618E-14
4,56eE-14
3.q!aiE=Tr
7. f164E-k4
8.0 Ei5E-lr–
3.905E-14
3. Zq6E-14
2.1q OE-14
3*m E -r5-
6.0137E-14
10sf39E-T3
1,104E-13

–3.7ra E-l-4-
1.227E-13

–3;TJ67E-l4-
2.199E-14
9.4 b9E-14-
7,501E-14
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_:~RlE5 60 HULL FnF?KA, O,HO bLLICK ITNO RPT. No, 100 S) SEP 24: 1970O_C_EANICS PROJECT “NO. 10.93

SPEED . ~* 5257 WAVE AlqGLE ❑ 10.00 DEC. V SIG. WAVE HT. = 8.40. MEAN PERIoD = 10.00. RESPONSE (AMPLITLIDE1 SPECTRA

WAVE ENcoUVTER WAVE
F R~OU L MC I E S LFt4GTH - Hlil~ ‘-PITCH s wAy —- Y AU “-~m- ~,iT.~XT.B.F4, TOR SwL. m.

,3]570 .25713Y 6]6.?T ~o~ r 6255-0 z 5S1E 1
.360R0

.2 0 -R2 l.o -m-02 3.g8 o -o -7*3WET
.27549

~2.203E-10
5’960E11?—4! J,33 2.007E+o0 1..26 OE+OO 7.711 E-02 6,165E-02 1.311E-01 1: B33E-06

.40590 .?97q3
6,641 E-09 ,

3/ J.qr3. tilb E+OO 4.d Ofk +OtI 1.+d2L-01 2.3 S2t -01
.45100 .31771 3U.2. Y3 3.453 E+rjo 6.764E*o0 l,20i_E-01 $.248E-01 1,]63E+O0 2.666E-05 1. S64E-07 8,395E-10
.49610 .33LR1 2=.36 1.a4B c+oo 4.942 r+ o r~ ? .97 L- r;~ 3 RE+06 4,+ -05 4, - r

.54120 ,349?6 21o,37

L.<Blk-oY
6.012F-01 5,073E+u0 1,047E::2 &.220 E-01 7,565E-01 5.426E-05 7.549E-07 1.19 BE-09

. Bb30 ,3.51n3 –T9m Y.064E-ii2 2. b60t 2.6 Iw-ol Z81L-02 S, JEWL o 1 UOBL b

.43140 .3711]4 15*,56
.

4041~E-oz
5.9?5L-l!T

3 152E-01I,202E-01 : 3.930E:O: I:052E-06 I.152E-10
.bi’~ ,3765~ ,134,64 9.759E -02 i 214E I 1 152L ~o 2 e 75bk z If3*t
.72160 .3U037 llti.33 9,245E-02 1:1 QOE::2

.zYr L- . -10
9:350E:;3 9,685E-04 9,540 E-06 5:591E-07 B:365E-10

{667 0 .3@14~- 1 iJ4*x~33JE =—D Y.d59E-~-;H~E.03 &. bin-o 5-m~-2*d0k =06
.81160 ,37993

2. b71E-o I I.d60E-w—
93.50 7.1304E-03 1.043E-01 4.340 E-04 1c137E-02 1,196E+o0 1.784E.07 7.212E-o B 1 ,22 BE-09—

,B5590 ‘- .37571 K.3.92T,5 F13E.cI@ 4.b9 OE;O ~h~ r o
.90?00

-03~ --2.37qF-r 3-*30-7G0~m E-o9
.3KPR2 !5.73 3,h5~E-03 5.6al E-03 1.07~E-03

.
3.070E-03 3.705E-03 4.5i?6E-07 3:94oE-10 2:604E-10

.5Jb7io .35q?7 hd,6Y 3.0B4E-03 2.96JE-03 9,T73k-04 3.722t-0~ 2 r46t-11

.99Z20 _.3+7nb 6.?.59 5.265,E-o+ 6,975E-03
-;~~:- -~~.09

2.740E-04 1.025E-03 4.226E.09 6*O7OE-10 1:102E-I1
1.U3T30 .mi”T 5f.27

.-
b.750 -O F;7a5k-03 2,-122E-05

1. UB240 >1463
2.1OW ‘~ =.~6VOz ~ii9E*0W

52,59
5, J3TE-10 C,006k-11

3.441 E-04 2.399E-04 3,40 BE-04 1.137 E-03 9,48q E-03 3.790E=oe 2,a49E-c!9
1.12 F0-” , 2~— 4 dm

L.17260
6.ea7~-O-E=OEAO~3,Yb2&.04 1.u6m.05

1.124E-11
1;446E-03 ‘-4.610E.0~b9Z .—

,27153 4*. B1 H.21HE-05
t.wbt-ld

5,333E-04 5,669E-05 7 .472E-04 4,604E-03 2.555Ew08 1 Iasf4E.09 2.25 BE=12

1.21770 .24599 4i05F2 . 66E -04 mt z 15 E 3 060t 1 r!m o
1.262H0

~TL-n~5TTk-03
8;k37{E~;4

.Oa

,217?7 38,64 1.o13E-04

.

2;67~Flg4 0
● .003 L-1<

6.648E.04 4*384E-04 4.849E_09 “l,68aE-10 3,300E-12
1.30!90 ‘- .18600 - ~b,oi’ 1.93 {F-3* 3. E-0~ 1.729k-a4 6 .“o!J2t-04 2,58~F-05 1..f34t-m 3. L8rE-lm 106 ~-E~

NN ● so 5,5JOL -0. + u 2 olm-~ 9.451 L-oz 5, W5E-01 L Am . e sa.?L . (
G. M.S. 7,437E-01 1.129E+o0 1:419E-01 3.074E-01 7,379E-01 3;454E-03 4:881 E-04
PVG.

2.030E-05

9.104L-o1 l,= 2L+OEI 1. m-oi
Slti.

3.7 bti-01 Y,O 35E-01 +.230L-0~0~ .

1.4 B7E+o0
d.*8a L-

2.257 E+o0 2. B37E-01 6.148E-01 1,676E+O0 6.909Em03 9:761E-04 4.059 E-05
—.

ovr/lo l*a93E+130 2-iW73E+O~3 .bllt-01 ‘7.824L-01 1,87 RE+oo 0. W2E.~~. lbOt-05
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VI. ERROR MESSAGES

Various error messages may appear in the output and cause
program termination. Each will be labeled with the subroutine
which found the error, and possibly a brief note as to the type
of error. Some messages give error numbers as explained below:

Subroutine

PRELIMB/C

PRELIMB

PRELIMB

PRELIMB

PRELIMC

PRELIMC

PRELIMC

Error No.

o

1

2

3

4

5

6

Errors in the calculation

Ex~lanation

Too many sections, wave
lengths, wave angles, etc.

Sum of weight distribution+
displacement

Hull volume inconsistent i
with displacement

Longitudinal center of
buoyancy # long. center of
gravity

Error in range or increment
of variable conditions

TDP calculation incomplete

TDP file lable # title data,
Col. 1-30

af the two-dimensional properties
will be self explanatory. However, if an error is found in the
energy balance check on the results of the two-dimensional lateral
motion calculation the message is printed, but computations proceed.
It has usually been found that such errors in the energy balance
check have little influence on the calculated two-dimensional
properties.

VII. ACKNOWLEDGEMEiYTS

The SCORES program derives from earlier basic ship motion
programs originally developed in the Department of Naval Arch-
itecture at M.I.T. in 1963–64, and subsequently updated at
NSRDC . Thus , while the program concept is not wholly original,
the increased level of both complexity and flexibility in
Program SCORES results in a new generation program with little
resemblance to its predecessors. However, the earlier work is
acknowledged as the root source for the present development.

The initial phase of programming for Subroutine TDIR the
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APPENDIX A - PROGRAM DESCRIPTION

The SCORES program, written in FORTRAN IV (RUN Fortran
Version 2 under SCOPE Version 3 for CDC 6600 computer), is
structured in a fairly conventional manner. The main program
serves as a control for the job processing, calling various
subroutines as required. The major program loops over ship speed,
wave angle and wave frequency are established in the main program.
Data are transferred among subroutines via labeled common blocks,
each subroutine accessing those blocks specifically required. A
special common block labeled PROGRAM is used and shared by many
subroutines for storage of intermediate calculation data.

Subroutine PRELIMB reads, processes and stores the basic
input data. Preliminary calculations are performed and the data
are checked to some extent for self-consistency. Subroutine PRELIMC
reads, stores and processes the conditional input data. Preliminary
calculations are performed including spectral density calculations
and printiout (via Subroutine l?AR)if required. Then the two-
dimensional properties are obtained, either read from file or
calculated via Subroutines CKLEW, ZIPSMO and TDLR.

Subroutine CKLEW simply calculates the two Lewis form
parameters for each section and checks them against criteria to
insure positive contours. If necessary, the section area coef-
ficient is increased to satiisfythe criterion. Subroutine ZIPSMO
calculates the two-dimensional properties for vertical oscillation,
while Subroutine TDLR does the same for the lateral and rolling
modes. The latter routine follows both the method and the notation
of Tasai. Subroutine MATPAC is used by ZIPSMO for solution of
simultaneous equations.

If lateral plane computations are required, Subroutine F.OLD
is used to calculate the natural roll frequency and the additional
roll damping, to approximately account for viscous effects.

The basic ship response calculations at a given condition
are performed by calling Subroutines ALTNT, COEFF, EXCITE, MOTION
and BENDSH, sequentially. Subroutine ALINT finds and stores the
value of each required two-dimensional property by continued
fraction interpolation in frequency parameter (equal to circular
frequency of encounter squared times draft divided by acceleration
of gravity) . Subroutines COEFF and EXCITE calculate the coef-
ficients and excitation, respectively, in the equations of motion,
which are then solved in Subroutine MOTION . Subroutine BENDSH
then calculates the local loadings and integrated moments. Closure
results are calculated, if required. Throughout all the calcula–
tions, subprogram function SINT is used as a simple integrator.

The ship responses at each speed and wave angle are printed
out by Subroutine TNIRPA, including closure results if required.
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prints the response spectra and statistics for long crested, or
uni-directional, seas at the particular ship speed and wave
angle. Only the integrated spectral response at each wave angle

is saved( so khat the response spectra for short crested seas
are not available. For short_ crested seas results, subroutine
SPREAD is used after the full range of wave angles has been
depleted. The integrated responses over wave angle are computed
and printed.

After completion of the specified calculations, control
reverts to Subroutine PRELIMC for additional cases with the
same basic data, that is, the same ship. If no additional
computations are required, normal program termination occurs in
Subroutine PRELIMC upon input of a run control tag less than 0.0.

Only one special system subroutine is included in the program.
This is referenced in the main program by CALL DATE (DTA, DTB)
which provides the current date i“n the argument variables as
Hollerith data (DTA = MMiwbDD,b19,DTB=YY).

Program SCORES - Input Data Card Summary

Conditions
(see legend
below) -

*

‘k

‘#

*

OT (E)>O

OT (B)=O

OT(B)>O

*

,___________ .

*

OT(E)>O

*

OT(D)>O

O!T(D)=3

Parameters Eh*ered

Title information

Option control tags; n~e~ of

segments

Length; density; gravity; displace-
ment

Breadth; area coef f. ; draf k;
centroid (each station)

VCG; roll gyradius (ship)

Long. gyradius; LCG

Weight; VCG; roll gyradius (each
station) .

First sta.; last sta.; increment
fox moment talcs,

---- __----- __--—----------------------

Run control tag; initial, final and
increment in wavelength, or freq-
uency; initial, final and incre-
ment in speed

Frackion of critical roll damping

Initial, final and increment in
wave angle

No. of spectra; parameters ....

Additional corresponding parameters

I?orinat
& Columns

ASO

1112

10X, 4F1O

4F1O

2F1O

2F1O

3F1O

3110

___ -—----

7F1O

F1O

3F10

110, 10F5

10X, 10F5
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APPENDIX B - FLOWCHARTS

Flowcharts follow for the main

program and each subroutine . The

references given on the flowcharts ,

such as C-01 etc. (above and on the

right of the symbolic outlines)

correspond to numbered comment cards

included with the FORTRAN source

program, and listed in the next

appendix.



41

F, “tic..,, ,“, !“4,. ..”66”.

. .. . . . .. .. . . . . . . . .
s,,,., .

. .

. .,

. . .

>>>>>>>>>,>>>>. ,.
, + c-”, . .

,

>>>>>>>
,.

.

.

.
,
+
,
,
.
.
.
.
,
,
,
.
.
.
.
.
,
,
.
,
.
.
,
.
.
+
,
.
,
,
+
.
.

,
.
,
.
.
.
,
●

✎

✌

☞

✎

✎ ✎ ✎ ✎

>>>>>>>>,. >>>>>>>>>>>>>>>>.<.<<.<<.<<.<.<
. ,-?74 . . (.”. ,

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

5,7

,., ,PP,, : ;

. ,,,,., , ,., ,. , .

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

: ;
. . . .

.+ ””.. .
.. ,,” ..:” Mom;’::”..

... LFNRTH..””’’’”::
~. .“ . .

. +,

.“,, . .

. . .

. . . . . . . . . . . . . . . . . .
+
+ .
. .
. .

.,,, ”.. C, LC, ,,. 6,,”,,. ,, .

.,,. “,”. ,.,O,,, !,.” ..,. ,

.,”,. ,..1,,.,5 ,

.

. .

. .

. ,-,7 .

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

. r,, , ,,,.,7. . .

. ,“.., .,,,,,, . ,

t ,}1” .“, ,”,! . .

.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. ,,.., ,.””, . A ,“. .“.,,!, . .

0“,. w,”, :> >>>>>,. . .6,, ., . ,

. ,.,0 .,,,., . . C,, , .,!, ”5, . ,

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

+<.<.<.<.<<<<<<
.. . 00 .

,. . . .

,. .. .“. , *

,<. <.... !,,”, “h!., ,.’:. .
. . . . ,

$.. - .

. ,

. ... .

. . . ,

., ,. ,

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

. . .
., “,

. . .“”. ., ,,, .

. . ,.,. ,“. ” ..> >>>>.

. . ,.

.,.
.7,



42

.

. . . . . .

. .

\
:

*\
7:
.’.

\

.,

:

:

,,
“,
L-

++,

.:

.m:
0.
*.

.’,7.

.:

‘2
.

. . . . . .
.:. ” .:

: ,: “
... :
..-
.-,. <
.>. .0

.-. .

.J .=.

.ti J

.,J

..<

.LJ

:.. .

::. .
‘: +.,
u.

>:

::

.:

:. ... . .. . .. .
.-. !(, .
. . . . . . .
.-,, !-.

.,, .,..

., .,<.

.. -,.

.,, J.

.>, —,.

. . . . .

<,>.

:. ..:



43

I
I I

I I
j--+

.

. ..
● I.o!ifJ.

-J’mm
● <HO
.Ukm
. . . .

...A
A
A

* .
● ☛✎✎

..A
A

$.

d

...

..

*.

.+ ->->. + +

.....

.. . . . .
A
A

u i
A
A
A

v
v

:
v
“
v

:
“
v

:
v

:
v.
+*

,

w:
w,+
>A A

. . .

.
-. . . . .---- .
k, .

.. *. . . . . . .. . *.. . +/3
m. . .

.
r!

.

.......
●

✎

...
.
:ZE..30
.ZLL
● H
.Em
.)-i f-l
.-Id

. ..* *
u? .

. *X
+->qzo*

● <x

*2*”.

.. ...+ ...
+ +... .LLct

.mu

.U

●

✎

✎
. .

*3
. .

.. 3 =“.. . ...
.. . . . . . “. .

. . . . . *
.. . .. .

A
A
A
n* .;

A
A
A

. . .

->*3
. !J

+

*
.!,..,

,,

—. —..— —



44

.
:,. :. .

. . . . .
*

*
*

..
.“

v.,

● .“..* . . . . . *
:;

.

. “ .

... ..
.,7.
x.

. 3.

.-z:
a.
. ..

I i I

4+-I >+*V
v
“
“

:
\ v
.\ v

\ v
:.V
. . .
... -. ‘..
. .“\l-!!\v
,r. u,+->
\,,
. ::
\
\ .“>

‘\ :-...-.

. . . . .

. ..,i,. ..+. ,,,,..:; *.-, :
. .
,1 .
r- .,-, .,., ., .!

.,>;

. ~ ,.:,‘“

. .

.

:,i.

.:r:
,,

:.
::’.
. . . . . .
.< .,..’.
., .!.”.
.. ,1(,.

. . . ‘ ;..:+:..)+.+, -,. .,, .-,1-. -:
,- !..., . . .
. ..-. i-.
,,,’, -, . .

. ..-.
.,,

. .
\

.
.,”.

,.-:
.? .,.,.

,., >~: -”!:.+, .:
:’, :.,,.., .,.
;“ll.

:..!:

:.
:..
::.
:., .
.,

J:,

—- .—



... .

● ✎ ✎ ✎

✎...

i...
. . . .

.
●.
i...

● +-I
.

..
●

✎..

A
A
A
A
.4

v’

Y

. * *“. . .. . . . .
c: 1
2“

:
v
v
v
v
v
v
v.

,.
A
A
.



>>>>>>>>>>>>>>>>>>>>*

. . . . . . . . . . . . .
,r.~;.y.

. .

.!+. c-n5 c-o?
.* 9. . . . . . . . . . . . . . . ,.,

,* CHECK *, cORGECT . SET UP .
*, RF.SULT5 . *>>>>>>>>>>>>>>>> >. VADIOUS . >>>>>>>>>>>>>>>>>

*, ,* cONSTANTS .
*. .* ,,, , .,.,...,.. . . .

////{{///////
/ PtiltiT /

/ EktiOU /

/ l.lESSh Gb /
///////(/////

*
.
.
+

. . . . . . .. . . . . . . . . . .
<<, Ski

. kklh O17 FLAG ,

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

+ ,>,
+ +.
+
*
+
+
*
+ Yr-. ,.,

+ h<<<<<+,

+. ,. .

. .

‘r.

* ,+l-. F- +.r,.<+ J, 4?

&+
4*

4+

4+

4<<<<<<<<<<<<<< +.

* C-23 *

. . . . . . . . . . . . . . . . . ?

SWECI.4L ZEQO , +

. FKEC>UFVCY . *

. CAL CUL{, TION5 . *

. . . . . . . . . . . ,., ,.. +
* +

+., ., ,, W,.4

+. . L-’ , ++&

+. . . . . . . . . . . . . . . .,. ” ?“
+.. r..,l? CV,- IT,, . .!. + 4
+*. .,...~ , ,(, .>>> >>>>+ *
*. ., ..,.,?,,,’. ++

+ ..,...... . . . . . . ...&*
+ ., . *

>>>>>>>>>>>>>>4
+ * C-25
. . . . . . . . . . . . . . . . . .
+ sTORE RES(II. TS .
+ . Id 7DP ilRRAy ,
? . { I,v f.lK?\naY) .
. . . . . . . . . . . . . . . . . .
+ +

?’
*
*

*

+
?’

*
+

<<<<

4<<<<<<<<<<<<<<<<<<

.*. *

4 J.*

>>>>>>

*F?oLL

& .,

L’ C-2? + *

. . . . . . . . . . . . . . . . . ++
4<<<<<, ,OPTATM ROLL . ++
+. RE5!JLTS ● ++



. . .

s.:
,. ...,
,, ...

. . .
,,>.

. ..>
: ;, .-
.“’

:.,

!,:2. !1
-. .,,
. . . . .
~ ,, ., ,,

... W.

,> .:.,::

.

: u ..!. “:
... ..:

.
.!..

. . . .

f’. .

-. .,,

, . .

.. . . . .

.>, . . . .

,

: ., 1 ,.,
.

:<.
; . ,,,

. .

‘.
.,

:
,..

,:

.’. :
.:

,. ++:



48

,:, <,.., ., .,,.,,. ,,, ,,



FLnu?14,cT

. . .

.. . .. . . . .. . ..
. ,!,7., ,

L
.
L >>>>>>,>>>>>>>>>,>+

. .. . . . .. . . .. . .. . ..
.
. r.”,

,...,..=,. .......
ST&P. 1 ..P .
nu,. wL8M.F= .
nr ..,, , ,,,.1. .

. .

.,

. .

.-

. .. .
,+
,+

., ...!,... . . . . . . . . *
,. . .
. <<<<<<<<<<<<<< *

.. . ..* ,.
,,.., .>
., ,.. ..
,., ?. . .

*.. .
. . . .
* ,.,,,

+
,
+.
+
*

.. . . .. . . .. . .. . . .. .* . room’ We., ,ro, , +
. . ~..r-. +
. . r,l.(on.,,.,. : *. . . .. . . .. . .. . . .. . . +
A *.
. .. ... . .
. .- L, =..,
* *. ., *~’-
. ..r, lr.
$ *.. .
, .
>>>>>>>>>>>>,>+ ./..

.
+.

7. ,,m .
..>>>>>,>+

.

.

.. ..”3-,,. i
.. . . .. . .. . . .. . . .. +. r..,, I LT. ,kr . .

. F.. p.. .“,1. .>> >>>>>-

. ,, .,,. .,. .,mn.,r.,, ,q .

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

●✎ ✎☛
●

.Nn
...

,* ●.
Un .* VERT ●.

.< <<<<.. PLANF . .
+ *. ChLCS .*
* *, .*

●

: +YFS
. . c-f15
& . . . . . . . . . . . . . . . . .
. .~NTrGRfirE VCLZT .
* FOQCE bun .
* ; PITr W MOWEM1 .
* . . . . . . . . . . . . . . . . .
* &* *
. .. .+ .. ●✌
☛ ✎☛ L&TCRbL ●. MO
* *. PL4NF ..>, >,>*
* +. CALCC .* *
+ ●..* .

. . . .. . .. . . . .. . ...*

.TNTFGR41E SU?IY . +

.F”Hr F, yhti a,,~ .
.O~L “q”~w,$ . :

. .. . .. . .. . . .. . . .. .
*
..<<<<<<<<<<<.;
&

*

. .
.~ETIJRN .

.............
—

. . . .. . . .. . .. .
.LF~T~~

.,

.;.
..-No-. V!=E!T ‘. . . +’!=s

&<<<< <K. PI 8Nr .*>>> 5>>>>->
& ●. Ch, f-q .*
&

● . .M
●

:-
.
*

-

*
*-
A

*<<<<
&

*— &--* .
✞✞✞✞✞ ✞✞✌ >,>>>,4<<:< <<<<<<<<<-.

. ?-D?

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

.,.COlVF l.~,FR4L .

.llr)-l Tmw*FJX14T*IS.>;>,> >>>>>

. ~rn.r DFC,,LTS .

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



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

.

.

. r.nl
. . .. . . . . . . . . . .. . .

%F. ll@ ,
. c*, rl!,f,TT ”,! ,

. P&Ptl,.lrP~ .

..... ...1.. . . . . . .

, .. . . . . .. .. . . .. .. .
. .!

. &

. . . .

>>>>>>>>>>>>>>>>4
. A (--05
. .................

. STOPT LOOP .
. r%JFP STbT!rIN5 .
* .F.R VOHT C*LC5 .
. .................
. .
. . >>>, >>>>>, >>, >>3+
. A c-oh + .*.

+ o.. ............... ●. ,
. MDRF, ch, c MwENTs . ‘. ..VS .“ ~TfiTroN5●“.

. .Fri.F4c H TYPE ,<<< <<<< << .<<<<.*. ,,*

. nr La AD1bJG . + .. .*

* ................. , *. ,+
. *

. .*. *

● ✍ ☛
b?ES +
‘ C-O8 *

* . *.., *.,.. .. “;?..F”*I=,t.in . . . .; ID SI!IP ●. kln L +

& P, ,,b’r ,.>, >>>. *. @c? JON . *>>>>,>>* ,,
. .

. . . ?&, r. .4, . . . .* *+, .RFTUPN .
* ‘. .“ 4+. ..+ . . . . . . . . . . . . . .
* . . ● +’?

>>; >>?>>>>>>>>.,.. . ,yr5<<<<<<<<;2< .
. .-n, , + C-nl .

. .,.,.:;:;;.. . . . .. . . . . .. . . . . . . .. . . . +
. rnlc I err. tiI. , .
.;. D ,fln.lrI.lLL. .> >>>>. V“MF>’T .>>>> >>>,

Inr.1 im,nr~,c . n~sl,tls .

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

.. . .. . . . .. . . .-
. .UTQ, . ..

,.
——

. .—.

* >>,>>>>>>>>>>>>>>>.”

. . C-nl
* /)//////////)
* ,pRr Nl FRFO /

.<<<< .<. <<<</Responses , )

. ),, FPT PLhNE /
& , ////////////)
.
* .. <.<<<<’<<<<.<
. .. .
, .. ..
. .. L4TCQ3! 0, ?0
4 H. D~ t“r .*>>>>>>’+
* *. T.lr. .. .
* &*. ..
.4 . *
>>>>> >>>>> >>>> JV=. .

. ,.(37 .
,,/, //!/)1/// .

/aQT~17 ,Oro / *
,X, qmnkls... ,>>> >>>>>>.

,Lb7% 01 Afi,F/ .
1,/)/////!!/! 4

>>>>>>>>>>>>>>>>*
,,,

● *

VFS .. CLOSURE . .
..<<< <<<<<.. P!?T14T OUT ..

. ●✎ MFm ..
* ●,.*
& *

. <<,<<<<<.<<<<< *NO
> r-n-i 4,

,/1///)////// *
/ om, k!, /

) .L. <,,m. />>77>>>>t~~>~>>>>>~~>,~ , .
.R?TUSN ,, Q,5!I17. /

/,////f////f/ .......!.....

m
o



FLOWCHART FOR suRRnlJTINE

.. . . .. . .. . . ..
. ENTW .
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+ C-nl. . .. . . . .. . . .. . .. .

SFT ,,P .
. @cuL4TT!TN .
. P& RAMETFR5 .
. . . . .. . .. . . .. . .,.

.
* c-o?

STAT I

>>,>>>>>>>>>>>>>*<c<<<.. <<4<<<<
+ * C-03
* . . . .. . .. . . .. . ,,. ,
+ , cbLt MOTION .
+ . 3P ECTRa AND ,
* INTEGRATE ,
* . . . . . . . . . . . . . .,. ,
* *

+ .
+ 4 C-O*+ .. . . .. . . .. . . .,., .* CALC MOMENT ,
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, .................
. *
, &
* + c-as

.. .. ... . . .. . . ,,, ,+ . . .. . . . .. . .. . ,., ,

. w:: ~:~c , C.4LC IIES PONSE ,
:>>>>>; ,57 AT15T!cS AND ,

: G1fiTE R&WF , . STORE I?ESULIS .
. .. . . .. . . .. . .. . .. . . .. . . .. . . .. . .. . .

&
.
* C-06

///)/////////
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APPENDIX C - LISTING

The complete FORTRAN IV source deck
listing for Program SCORES is given.
The numbered comment cards, such as
c-01 etc., are cross-referenced on
the flowcharts in the previous section.

—

cnMhIoN /
rOMMON /
COMMON /
cOMMnN /

x
x
x
COMMmtJ /

x
COMMON /’
COMMON /

SCONES 11NPUTv OUT PUT WTAPE5=1NPUT 1T4PE6-OUTPUTP ThPEIO I

/ TnP (21,25.101
COND4 , P1, GkMMfi, QRAv, !?O
MHDT , HDAIlb I,DTA, DTR. I@ VIC,l D, IE, IF*! G, IH,ll,lJ, STS 15)
ObsOA / RPL. DISPL, TMASS?YMERT, BSTAR 1211 ,ARFA 121) *

sEcoE(21) .nRAFT121) lzBAR(21), x1121)*x Isolzl)P
DwEIGH[211, DMAss(211* zwT(211,0nL 121) *zc Q*xNERT*
xzPERT, GM, MI NKRIs MAx KRl, INc RES. ROLn PF

CASDA , NN,0MW(51), WV L(51i,0MWE 151 l,VMIN, VMAX*DELVV
Nw&, wAo,2s), wANG1*wANGA, DwANQ. Nwl*wD (20) ,WLL(51)

TOIR / ME, ME N.4NS(21,10 ).KL, KU,109 IW
MIblD / IA, NS, DX1, V, WAklG90ME6b *WhVEN*cw TDIX 121*51 vFACPw A

DATA s75/6HPN. sQ,6HR. M. S.,61’IAVG. ,6HSI0, ,6HA V]/lo /
,,
c .. *+ GPEC14L SYSTEM SUBROUTINE wHICH RETuRNs CURRENT DATE ‘* “’

CALL DbTE lfITb,DT8)

c-o] RE4P, PROCESS ANn STORE INPuT n&Td
C4LL PRELIMU

50 CALL PRKLIMr
IF , IE. GT. O ) chLL ROLD

r.02 1N17, kL1ZE SHIP SPEEO
v = vMIN

c-03 t.00D OVFR NAVE ANGLE RANGE
f,o no qn lWtil,NW4

WUblG = WA 0(7W1*P!/l BO, O

C.04 ~FT TOP bRRb Y USb6E LIMITs
KL=l
TF( tE .GT. 1 ) KL.3

C-05
70

c-oh

(u . 10
IF , IE ,L7. 1 .OR. AM OD(Wh D(l W) Vle O.O1. EQ. O.O 1
IF ( IP. LT.? ,OR, Mb FKRl, EQ. MINKRI ) GO TO 70
PP7h17 920 WHDU, DTb. D70
PRINT 9?1. VVNbn[IW)
IF ( 11. ro. l 1 PRINT 924
PRrhll 9?3

LOnD OVFR NAVE FREQUENCY RANGE
no gn 10=1 ,hlN
OMEfit x OMW11O!
k(AvFh, z Ob\EGA*OMCQA/GRAV
wVL(1OI= 2. O*pl/UAv EN
WLL (TO) = ~vL[lO1/BpL

CA LCULb TE FPEQUENCY parameters
cw z GR4v/OMEGA
L,E . wAVEN*[ CU. V* CO SIWANO) )
OMWFI IO) Z WE
MEN , #E* WE/GRb V

KU . 2

PRoGROM SCORES (2NPUT,OUTPUT, TApE5=1NPUT .TAPE6*0UTDu T, TbpE1 n!
lcONTINUED1

c-OT PERFn RM CAL CIJLbTIONS AT EACH FREQuENCY
rhLL AL TNT
r.VLL COFFF
CALL EXC7TE
CALL MOTION
IF ( lB, LT,2 ) Go To 80
CALL BENnsH

RO COklTTNUF

r-oe mR1b’T OUT RESULT$ FOR THIS 5PEE0 ANO WAVE ANGLE
CALL TM1RP4
IF ( lD. EO. () 1 @O TO 90
FaC . [(1.0 /( Dls PL*OPL) -1,0 1*1!.
CbLL STAT1

qn PQMTINIJE
TF , IF. LT.1 ) no To 100
C4LL sPREAD

C-OQ lNCPFMENT SHIP SPEEO
10Q V r v.DFLV

IF 1 v. LE. VMAX .AND. VMIN. NE. VMAX 1 @O TO 60
no Tn 50
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sl)UPnUT7NE PRELIMM

?OMMDN / COhlDA / PI, GA MMA, QRAV, RO
CnMMnN I MHDT / HDAll~) .DTb*DTUP IH*l C* ID* IEVl F* IG~IHPIf*l J, STslsl
COMMON / mASOA / BPL, DIS?L, TMASS*YNERT ~B5TAR (21) .ARFA 1211 9

x sEcoE[21), DRAFT 12111 z0AR1211*x 1121)#x1so 12119
x owc1QH(211, DMAs5(zl ),zw T[211. QRL[21)*zco PxNERTv
x xzP2RT. GM, qINKR17MAxKR I* INcREs*RoLnpF
cOMMON / MIMD / lA, NS, DX1, V, WA NG. OMEGA .WAVEN, CM. DIX 12115 )PFAC*wh
?flMMfiN / PROGRAM / STORAGF (L36). Y[211#STfi(Z1 1,W1211

c-01 READ (ONO PROCESS] BAsIC INPUT DATA
1 RFAD 901, HDA

RFAn 902, IA, IR, IC, IO, IE, IF, IO, IH*l I,lJ*N
M = M-1A
IF ( M. GT,21 ) Go to 951
NS. M
no 2 I.l. M

S STA [T) = I- IJ,50*(1,0.1A1
PEhn 903. BpL. Q4MMA, GRAV, DtSPL
RFAn 904, (BSTAF(l), SECoE, TI, DRb FT ,1), ZBAQ, II, l.I, M)
IF ( ZEAR(21, GT.0,0 .OR. IE. LT.1 I @o To 6
t)n ‘! 1,1, M
A = 11. 0.2. O* SEr OEIIl)/6. O
IF ( A .GT. 0.80 ) A . 0.80

3 ZBAR (II = DPAFT(I)*o
4 IF ( IE. LT. I ) GO TO 12

RFAn 904, ZcG, RAoORO
IZ rF (rR.GT, O ) 60 To 10

RFAn qn4, P4DQYR, CQL
co 70 11

10 QFflD Qo+, lDwE1QHII),2WT(11, GPL
TF I GWL121. GT, O.O ,OR, IE, I7.1

,(11 ,A,
00

,1.1,”)

TO 11

<-0% PRFL7MINAFY C4LCUL4TIONS UPON BASIC INPuT D,TA
Qo . GA MMA/GeAV
IIX1 , BPL/N
IF 1 IB. GT. O 1 GO TO 13
TMb~S = DISPL/GRAV
X1111 = [BPL.ll. IAl*OXIl/2,0. CGL
YNFPT . TMASS+RAOG YRVRADGYR
Cfl T” 17

13 rl(lIi “lsl, M
IF ( IC. GT, O 1 00 ‘to 14
DMETGH(ll = DwEIGH(11*GR4v

14 (IMA<S (I) = DWEIGHl l)/(GRAV*DX1)
TF 1 lA. EQ. O I QO TO 15
lF [ I. FQ.1 ) “MASS(1) . DM&s7(l )*2,0
lF , I.EQ. M I DMA55 (M] . DM&SS, M) *2,0

15 Y[l) = nMb SS(ll *(I-1)
Ii U(TI = DMA$5111*7w T(1)

TMAS5 = 51 NTIIA, M, DMASS, IIX1]
H15P\ = TMASS*GR12V
XIII) = SIN T[l A. M, Y. DXI)*OXI/TM4SS
CGL . [RPL-11-141*DX1 )(2. O. X1( 11
IF ( lE. LT. l ) GO TO 17
ti7S . SIN T(I?+,M, W, DXI)

17 XNEDT . TM4SS. PA OGRO*RADGRO
no 10 1%1, M
ARFA (l) . 8sT4R(11.DRAFT [lI.sEcoE(I I
Y[l) = APE A(S) *(I-1)
w(I1 = @sT4R(1) v*3/12. O-AREA(7) ●ZBb R[l)
Y1(ll = XI(I1-OXI* [T-11

10 XtSn, I) . Xl[I1b X1(I)

cDIS = SINTIIA .M,4REA. DX1l *GAMMA
CPL .- S1NT(14, M, Y, DXI)*oxl*Q&MMA/CD IS. (BPL. (,- IA, *Dx I)/2. o
IF ( lE. GT.0 1 GM . SINT(IA, M,lt,OX I1.GAMMA/COIS.2C”
XZPEOT . 0.0
IF 1 IB, EQ. o ) GO TO 20

C-03 CALCULATE LONG1TU01N4L MASS MOMENT OF INERt Ib
no 1. T=l, M

lq Y(11 . DMASS(I1+XISO(I)
YNFUT . SINT(IA, M, Y, DX1l

P40GYR = SOFT [YNERT/TMASS)
lF ( lE. LT. I ) Go To 20
7WTC . n2s/Trl*s5
nO 7? I.l, M
7wT [11 . ZWTIII-ZWTC

?2 N(T) = DMASS(l )*ZWT(l).X1[I1
X7PFPT . SIN TIIA, M, W, OXI)

c.04 PPIhlT OUT BbSIC DATA [INCLUDINO RESULTS OF PROCE$SINGI
20 PPIhlT 920v HO A, DTAVDTB .,

ORIMIT 002, !A, IQ, IC,lO.lE, IF, IQ,lH, IX .IJ, N
PPIhlT 830
PRIMIT 803. BPL, QAMMA, DISPL. GRAV
PPINT 004. [sTA (T)* 8STAR111*SECOE 11), DRAFT[11 .Z9AR(I ), DWE1GHIIIV

x ZWT(l), GQLITI, 1=1, MI
IF ( IB, EQ. c ] PRINT 006, cOL, RADGYR
IF ( IE. QT. O I PRINT e05, 7CG, RADGR0
TF ! IB. EQ. ? ,bND, MTNKRI. EQ, MAXKR1 ) PRINT e07, MI NKR1
iRINT 833
IF [ lB. GT. O ) PRINT 809, HISPL
PRTNT 81Q. CBL. CnIS
IF ( lH, GT. o 1 PR7NT 006, CGL, RAOGYR
IF ( IE, GT.0 I PRINT 808, QM

r-05 CHFCK WTS, . VOLIIME. L. C.B. AGAINST DISPLACEMENT, L.c. G.
7F ( lB. tQ.0 1 GO TO 21
7F [ ABS(HISPL-D ISPL)/DISPL ,OT. 0.02 1 00 TO 950

21 IF [ Aes(cD15-o lsPL)/DISPL .GT. 0.021 GO TO 949
rlI~PL z CDIS
tF ( 4BS(CBL-CGL)/OPL ,GT, 0.005 ) aO TO 948
RET\JRN

C-oh FRFnP STOPS
Y4e lx . 1X*1
9uG 1X n 1X+1
Ysolx. 1X+1
9S1 PRINT 940. 1X

STOP

80% FORM&T
x ?2)

003 FORMAT

80 Ax FORMb T
XGHT

805 FORMb T
tiob FORMb T

!,

(

[

52 HOOPTION CONTROL TAGS - i 0 C O E F G H I
1013, 15X, 17HN0. fiF STAT LON5 - . ‘> *
9Ho LENGTH = ,F1O,2, 5X

. ..1. ,
<.9HOENS1TY . , FII. h/

9H DISPL, = , F1o.2, 5X, 9HGRAv ITY . , Fll, b )
T9HOSTATION. BEAM AREA cOEF. DRAFT Z-UAR
ZETA GYR, ROLL /1 F7.2, bFIO.4, F12,4, EF1O,4 ))
5HOO0 . , F9.3. 5x, 15HGYRADIu5, ROLL . , F9,3)

OF MI DSHr PSl LoNG. Q13 HO LONG. C.G. . ,Fi3.3,&OH (FWO,
XYRAD7US e , FY.3 )

B07 FORM4T I 68X, ?8HCALCUL.4TE MOMENTS AT STd
awn FIZPMAT I lH. . 7&x, hHGM . , Fq.3 )
809 FOPMb T ( L6x. 15 H015PL,1WTS. I = + F1o.2 )
U1O FOPMAT ( 13 Ho LoNG. C,g. = , F8.3, b0H CFWO

X.( VOI..) * , F1O.2 )
830 FCIPMOT 1 17 HO BAS1C INPUT i3ATA 1
H33 VOPMAT [ lb HO DFRIVED RESULTS )
qfll FnPMAT 1 1346, A21
902 FiPMAT i 1112 I
903 FnRMa T 1 10x, 3F1o.5. F1o .31
90A 70WMa T ( AFIO, U)
Y06 FORMMT ( 31101
920 FOPMAT 1 lH1, 1?A6, A2v 3X* .uIo, A2)
qbo FOPMb T [ 39 H05TnP IN $Ue ROUTINE PRELIMB.

r-ol
20

26

COMMON
cOMMn N
COMMON

x
x
T
COMMON

x
?flMblnhl

/
/
/

/
/

CONDA
MHDT
OASDb

C45D4

MIMD

TION . 13 )

‘, OF MI DSHIPS1

ERROR NO. , 13)

J/

WE1

OISPL

, P1, GA MMA, ORAV, RO
/ HDA(14) *D TA, DT@v IB, IC, I0,1EV lF*IGv IH*I1. IJ, STS(51
/ BPL,OISPL, TM bSS, YNERT, B5TAR [211, ARE A[211,

SEC0E(21), nRAFT(21) .ZBAQ(21) wX1121). Xl S0121)v
0WETGH(21), DMASS(211, Z!WT(211 ,QRL(Z’l ), ZCQ, XNERT,
xZPERT, GM, MI NKRI, MA XKRI. INCRES. ROLnPF

/ NN,0MU[51), WVL(511,0MWE [51 ), VMIN, VMAX, DELV,
NWA, WA D(2S), UANQ1, W4NGA, DWh NQ, NUI, WD(20), WLL (511

/ lA, NS, DX1, V. WANG,OMEGb, W4VEN, CW,01X 121,5 ),FAC, Mh

C6MMON / / TDD (21,25,101
COMMON / PROGR4M t STORA@E(Aa41 .RSA11O) ,HOC 15)
nA7A NF / 25 /
DATA OMT / 0.0. 0.01, 0.03. 0.06, 0.10. 0.15, 0.21, 0.2 E%, 0.36,

x 0.45, 0.S5, 0.67, 0.02, 1.01, 1.25, 1.55, 1,95. 2.45*
x 3,0s. 3.0, 4.7, s,0, 7,1, 8.7, 10, T /

PF&ll ANO PRINT cOND1TIONAL INPUT DAT4 CANDS
REAP 907, kA, SW L, OWL, DE LWL, VMIN, VMAX, OELV
lF [ Wb-0,0 1 60.1.27
PR1hlT 920, HtJ&,DTb, DT0
PRYblT 832
PRINT 9117, WA, SWL, OWL. DEL WL, VMINb VMAX, DELV
IF ( lE. LT.1 ) GO TO 26
F?EAO 907, FOLOPF
PRTNT 907, ROLDPF
UEAO 907, WA NG1, UANGA, DW&NG
PRIIIT 907, W4NGI, !l&NGA,DWANG
IF ( 113.LT.1 1 GO TO 25
PEAll 908, N#l, (wD[l),l.l,lr,l



54

PRINT 9flR, NNl, (WD(rl, 1=1,1 O1
IF ( lD. NE.3 1 GO TO 25
READ q09, (WU(I), l.ll ,20)
PRINT q09, (UU(11,1=11W20)

c-03 tf4PUT DATA ERROR CHECK
25 TX=0

IF 1 MI NKF1. NE. Mb XKR1 .AND. INcRES. LE, O 1 1X=3
IF ( SW L. NE. flNL .AND. DELWL. LF. D.O 1 IX*3
IF ( VI+lN. NE. VMAX .AND. DELV. LE. O.O ) 1X.3
IF ( U&NGI. NE. WANOA ,4ND. DwANG.LE, O.O , IX , 3
IF 1 lX. NE.0 ) 60 TO 950

C-05

c-oh

lbllT1bLr7E IAND CHECK) INTERNAL PARAMETERS
M . hls
nFT , 1.0
DOT , 1:0
IV ( Nwl, QT.1O ) GO TO 9S1
Nhl . l@!dL- Sb’L)/nELWL+l. OO1
IF [ NN, GT.51 ) GO TO 951
IF ( lb. LT.1 ) Go To 30

PRELIMINARY c4Lc UL4TIONS FOR lRREQULAR W4VE$
nO ?? l.l, hlN

?2 ‘IM. (1) k SWL.UELWL+ (I-11
CALL PA.
IF ( lF. LT.1 ) 00 TO 32
K = 90.001 /Dd ANG
TF [ K. LT.2 ) K=2
IF 1 K. GT,12 ) K = 12
OWING . ~o.0/ti
WJhlnl . IBo. o
IF ( WbNGA-UAl”GT .EQ.0.0 1 GO TO 23
.&h,@T . 0,0
G. To 37

23 WbhlG1 = qO. O
‘?0 Tn 37

r.07 pvEL7Mt NApY CALCULATIONS FOR REQULAR UAVES
30 no 31 1=1, NN
31 “.W, ,) . SO RT(?.04PT*GQ4”, (SWL.DELWL* (X-1) ))
32 hlWA . (hlANG4-wANGIl/DNANG.l. ODl

lF ( MWA. GT.25 , GO TO 951
no 33 1=1, klwh
$,AD(T) . WA blQI.nWAN5+(l .11

33 CONTINUF

C-Oq CALCULATE TWO-DIMENSIONAL SECTION PROPERTIES
c AND CONVERT TO DIMENSIONAL PESULTS

.0 lF ( 16.07.0 1 GO TO EO
CALL. CKLEN
IF 1 lE, GT. I 1 GO TO 42

C.10 “FQ7, C4L 05CILLA:IONS
CULL ZIPSVO (UET)
rA = Pr*RO/R. o
no .5 JE1. M
FAC , FA. BSTAHIJI .*2
no d5 1=1. NF

1,5 TnPIJ .1,11 = TDP(J. r, I). FAC
IF ( lE. LT.1 1 GO TO .3

C-11 LA TFPAL AND ROLLING O5C1LLATION5
42 cbLL TDLR (PDT)

nO .6 J=I. M
PRO. = 50 RT(H5Tb R[J1/12.00GRAV) 1
IF ( RROE .LE. “.0 ) GO TO .6
R?nf,l . RO*A*EQIJ1
R5A ,’) . RS, (3),9 BOB
USA (51 . RSA(3)+R STAR(J)
Psb (h) = RSD151/QB Ori
P!+h(?l . RSA(51. RSTAR (J)
USA(R1 . RSAI1), RBOG
DSA (q) . R5b (51
❑SA(l U) = R5A 161
DO 44 1=1, ilF
DO b4 K.3,1O

h4 TPP1,l,l,K1 = TDP(d, l,Kl+RSb (K)
hb rflblTINUF

C-12 URITF Tl)P fiRR4Y ON FILE (T4PE1o)
&3 WRITF (101 (W A(l), l.l ,5).

WRJTF (101 ([(TnPIJ.l, K1, J.l, M,,l.1 ,NF1, K.l ,10)
IF , DFT. EQ, o.o .OR, DDt. EQ.O. ” ) 1X E &

c-13 ..1,,, 0(,T TWO- DIMENSIONAL SECTION PRoPERTIEs
47 PRINT q20, HDA, DTA,0T0

PR1b,T q97
“n ‘P J.), M
.7A . J-o.50. (l.l A)

PR1klT WR, 37A
La PPTklT 99~, OMT (l), lTDP(J, 1,K), K=2,1 O),

x 1 OMTf I1, ITDPIJ, 1,K1, K.1.101.1.2, NFI

C-OR
50

5%

51

c-o?
1

C-04
949
95n
951

60

83?
907
908
9oq
Y20
*AO
*41
997

60 T“ 5]

REAP TOP ARRAY FRoM FILE [T4PE10 I
SF ( lG. r,T.2 ) GO TO 51
REAb (10) (HDC [11,1=1,51
Do 5? 1,1,5
IF , HOC(I) .NE. HOA (I) 1 eo To 949
rONTINUF
uEbn (In) ([(TDPIJ, l,K), J.l, M1,l=l ,NF), K.l ,101
IF , lG. EQ, l ) GO TO 47
YG,3
IF ( lX. NE, n 1 GO TO q50
RFTURN

00 RACK FoR NEV RASIC INPUT DAT4
CULL PRELIMB
(40 TO 20

EPROP STOPS
7X.5
lx . 7X.1
PRTMTq40,1X
IF ( lX. EII.6 ) PRINT 941, HOC
STOP

FORMb T ( /3flHOCONDIT10N4L INPUT DATA C4FD PRINT OUT /)
FOPMAT ( BF1O.41
FOPMAT ( 110, 10F5.1 1
FORMb T ( 10X, 1“F5.1 1
FORMAT ( lH1, 13&b, A2, 3X, A1O, ?421
FOPMAT ( 39 HO STOP IN 5UWROUTINE PRELIMC. ERROP NO. , r3,
FORMAT 1 15HOTDP FILE LABEL , 5x. 5A61
FnRMAT 1 1H17,10 X.34 HTWO-D1MENS1ONAL SECTION PROPER77ES /4x.5 HFREa.

X,& X,, Z?HPAUAM. A.PRIME [331 A(BARISQ. M-SUB(5) N. SUB IS, M
X(S. PHI1 N($. PHI I I-SUR (RI
X5) 1

N-sun [R) F-5 Ufl(R,5) N-SUU (R.

99e FoQM4T ( 4H STb , F5.1 1
799 ;~:MAT ( F1o, u, 12H INFINITY , 9E12, L/ 1 F1o.4, IoF12. bl )

SUBROUTINE PAR

COMMON / CONOA / P1. BbMMfl.QRAV, RO
COMMON / MliOT / HI)A(L4), DTA, DTB,lB,lc, ID, IE, 7F,1G, IH,ll,lJ, sTS[51
COMMON / CA5DA / NN.0MW1511, WV L1511,0MWE 151 l,VMIN. VM4X, DELV,

ti NWA, WAD(Z5) .WANG1, WANGA,0W4NG, NN1, ”D (20), HLL (51,
COMMON / 5Tb T / 5PECM(10,511, RSD(h,lO, Z5)
rrtMMnN / PFOGRAM / STOF4GE(39BI ,Y(51) ,UVST (10,5)
P1MF)IS1ON SPC (l?)
DATA SPC/6HNEUMAN,6HN 1195.6H31 lH&. bHLF1 ,

K 6HP1ERs0, bHN. M0SK,6H0W1TZ ,6H(1V64, ,
K 6HTw0 PA,6HRAMETE,6HR, 1SS,6HC 1967/
GSOIIDR . GBflV*GBAV
CONTT = 0.000 U27*m SO U4R*Pl**3

C-91

C-D?

CA LCULb TE WAVE $PECTUAL DENsITY AT EACH FREOUENCT
nn ?0 KK=l, NN
U61+W = OMW(KK1*OMW(KK)
OMSQ = OMU(KK1*VOITH.VOITH

LOOP OVER WIND SPEED [OR SE4 STATE) RANQE
no 49 1=1, NW1
u = wD(r)*L.6B80@e8q
GO Tn 1 10. 2U, 30 1 , ID

C-3.4 rdEu.&NN 5PECTWJM 119631 (HALF. so THAT 519. . 2 TIMFS R. M.s.1
10 PowFw v l-2. O*GSQtiAR)/(v07TH+U.U)

SPECV1l, KK1 = (cONST. EXP (POWER) )/( OMSO*OMW, KK) )
00 TO 49

c-3.4 PIEP?ON-MOSKOWIT7 SPECTRUM (19641 FOP FULLY ARISEN SEh S
20 POUFQ = -.74* (QsQUAR/ (U.UVVO, TH) )“.?

?PEc M(l, KK1 = .0081 .QSQUAQ.FXP (POWER 1/OMSO
00 Tn b9

C-3.. T\dO PA RoMETFR 5PEc TU11M, BASED ON 51’3N1F1CANT !4bVF HFIGHT fiND MEAN
c bIAVF PEP1OD, SIMILAR TO I.S. S.C. NOMINAL (1967)

30 4A = 0.250 *wD(lluwD (11
K . IO-T
BB = [0.R170*2. flnP1/WD(K) l**&
PllWFD = -BB/(VOITH*Vfll TH)
5PEc M(l, KKI = AA. BB*EXPIPOWFR)IOMSO

49 CnhlTINUF
50 CO NT INUF
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7
>

C-02

r-03

?iKJ(K, J1*SIN( AK ●2. O*AJ)
fONTTNUE

LOOP OVER MUMMER OF STATIONS
00 1n05 K1.l, NS
IF ( K1 ,EQ, 1 1 00 TO 85

CHECK FOR CONST4NT SECTION PARAMETER5
KK . K1-1
IF ( SB8BIK1) .NF. SB8B(KK)) GO TO 05
IF 1 SRHIK1), NE. $BHIKK1 ) 00 ?0 05
“o RO tr .l. NF
rnP, K1.,i F.li = TDP(KK, IF, ll

1 TDP(v I.lF ,21 x TDPIKK, IF ,21
(70 TO 1005

t-oh CHECK FoR ZERO sECTION
05 IF ( S8PB(K11. LF. O.O .OR. SRH(KII. LE. O.O 1 00 To OR

sANm3,1&159. (sOUEIKll.4. O.3, 141 S~)*SBH(Kl)/
l[[SRHIKl l&l, O)*(SBHIKll*l. O) 1
swA.5.5si65- l,?707B*SAN
IF (%wA! 11,12,1?

11 WPITF [6,1201 Xl
IZO FORM AT(47HOINCORRECT PARAMETERS, ZIPEMO QUITS FOP EThTION v13~

PET . 0.0
f10 TO 1005

12 SAZ. ?.3561Q+5QRT(5WA)
$A. IsOHIK1l -l.0)/[SBti[Kl).l. D1*sA7/S4N
sR.5Az/shN-1.0
5A fi.5A*sb.3 .0*90
qAAb. Sh*SAh+3. Q*EA*SU
?A2. -1 I,0.5A)*(0.39333. O.06667 .sA40,0ze57*sAh 40. o15B79sAAA)

v.9. o.sB*10.2-o .14ze6*5A-o .0370b*sh A-o, o1810. stiAA)
SAN= -(1. O.SM)*(0,06bb7t O, 02n57*SA. O, 015BT*S4k)-9. O*5B

1*(0.1428 b.o,03704*5A. o.o101e*5AA)
sF3.-(l .04sk). (Q.02e57*o, Q15e7.54)-9. o*sB* (o.0310bd o.olel B*5h)
sF6.. [l.o.5A)+o. o15e7.9. o.5B*o, ol81e

C-OS L.oOPOVER FREQUENCYBANGE
BE ,90 100b IF.l, NF

sFRPb . OMT(l F1.SBH(K1l
lF f SFRP4 .OT. 0.0) 00 TO 3
SAR . 0.0
c? . 0.0
GO TO 1003

3 SW= SFRPA /[1. O+SA.50)
SF1 = S&2-0,785 A0*5W*ll.0+5#1
<F? . SAN-O .7U540*SU*SB
ES00=3~IA15G*51 NISFRP41
Do 15 1.1,11
RT.l. I
Xi : iW*((1,0+S41 *C0111+5B*C0Pl I11
YY . SW+((l. O- SAI*SI(ll-SW*SIP (11)
FHVECXP(-YY1

SIX. SIN(XX1
s5B[I).3,14159* $1 X*EHY
SPR(, l.3,1b1S9*CX*EHY
SD b(ll.SSB lll-5S80*(l. O-el*O ,11
RA.SORT(XX*XX+ VY*YY1
BR1 , BA
lF IABS(YY) ,GT. O.l E-51 00 TO 13
::.;;5~:8

13 RC.bs IN(XX/BA1
ii

20

21

Rn. o
BE.0
COB C?= COS(BC1
CORC.COBC2
SIOC. =SIN{BC)
~lDc.s Ine2
IF (RA .QT. 6.0) ’30 TO 17
AMM . 2.0
R0.80. BB1*COBC2
RE=BE.Bel*sl Bc2
Rel. RB1. eA*(AMM-l .0)/ tAMM*4MM1
CORC1 .C09C2.COBC-S IBC2*s10C
slBc?.$1Bc2+c09 c4s1Bc*c0Bc~
CORC3.C09C1
AM M>AM M.l. o
1F1(B811- (0.001 .BAI1 21.21,20
Ro. (-BD-4LoG ll.781*BA11*EHY
RE=(-BE. UC)*EHY
Gb. RD. CX-BE*SIK
GR.M*CX4ED*51X
fin ‘r” lnoo

17 iil.l. O;Eel
~0 ?? MM.1!5

AMMm14M
PII.Ro-COBC2*W1
nE.RE-st8c2*8til
WR1.BH1*AMM/BA
CORCI=C0eC2VCORC -S1BC2*SIfl C
S1BC7. S1BC2*COBC*51 BC*COBC2
c’7Rc?.cr19c1

22 cONTTNUE
0A=RO-3. 14159265 ?*EHY*S1X
RR= RC.3,14159265%* EHY*CX

1000 S5h(11. -GB
SPA (1I.-G&

15 CONTINUE
5S40=SSA (11

;Q*. o.05236
>0 25 1.2,11
L1m I
SOAI I1.SSA( ll-SSAO*(I. O-[ A1.1 ,0)/10.01
sm.-so
<FM=[[l. n.5A). sl(I).3.0*5B*s lPIIl>. (0.15707 e4s01
?FQ1=sFO1+ sPB(II*5FM
SFP1.$FP1. SPA (1)●SFM
CONTINUE
?Foi. SF fll-0,5.SPB(lll*SFM
5FP1.5FP1-0 .5* SPA(11)*SFM
FPA(I,l). $SAO
FfiA[7 1 .sSBO

.,
no ?i J.1.5
YSUR.2*J
sIA. slA+SD& (151)B)* SIKIl K,J)
S19=S1B. SDU(l SUH1*SIKI( K,J1
CO NTTNUE
nn 70 J. I.&
T6U; ,?.Jil
s> R.52R, SD B(1SUP)~@S1KJ(K ,dl
?2b P524. sDA(lsu P1. srKJ(K, dl
rnNT7NuF
iQA(KK) .0.264667*S lB. O.131333*$2B
FPb[K<, ll=O. Zo66b1*Sli* 0.133333* 52A
FP4(1, Z1=-5W
FPA(?, %)=-1 .O-O. ?1221 *SW
FPA,3,2) =. SA-D.02122*SW
FPA(L,21. -S AA-0. 00606. SW
FPA(?,21=-S AAa-fl.00253*SW
FPA(, ,31= -O.333333.SW
FPA, ?,3). +0.3 Hlq7*SU
EP&(3.31=- l.o-o.136&2*SN
FP4(.,3! .- SA. O. O?358*SW
FPA(<,3) =- SAA- O.00U6U*SW
FPUII, U>. -O.2U*?W
FPA[i, ~l=o.1515B*$w
FDb,’4,&,. o.17b84+5!4
FD4(A, b).-l,O-o. o9bhb. sw
FPA(5, U). -5 A- O. O2O4O*S!4
FPA(, ,5). -O.14Z9*SW
F. A[?,51. O.09903*SW
rpA(>,5> =0.0675?*5w
FPA(’,5) m0.11&?7*SW
FPA(6,5) .-1. O-O. 07U28. SU
FPR; ,1=,.O+SA.Si
FPO(?l. O.63662V(0.333333a (1.o.s A!-l. BO*SB)
FPB(3)=fl .31 R31. (0.0b667.0 .06667 *SA.l. Z8571*S9)
FPB(’). ”.b36624( 0.00952,0 .00952 *5 A40.l1111*5B1
FPB(?l. fl.31a31* (0.007 q3+0.007930SA. O.0818Z+SB1
n!J 100 1=1.5
no 101 J.1,5
R1(7. J1 x EPA(l, J1
.1 (1.6) = -E’2A[?1
Dn 1n7 .1.?,10

101

10’/ Ri(i.J)-= -..0
100 R1(T,lll = E?H1l I

no 1n5 1=6,10
TJ . T-5
HI(r.1) = CQA(IJ)
nO 1“4 J.2,5

10. will.J1 = 0.0
nk 1.6 d=6.10
JJ = J-G

106 R1li. J) . EPA(IJ, dJ)
105 Rl[l .111 = O.u
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C-O& CAL1, MATP4C
CALL MATPQC
IF (nDT. EO. n.01 DET . 0,o
nil 35 1=1,5
FDX, ,l . B1(l, lI)

35 FoX(T1 . B1 (1+5,111
7PV. FPX(l). SF P1-EQX[ ll*SFQl .EPX(21*SF l.EPX[31. $F?

1.FPX(.1*5F3 .EPX151.SF4
?C=SDF/ (0.7ti54+(1.D.5A.5B )*(1 .0. Sb. SB1l
5AR.?. 1L159. S.V< ORT({PX (I)uEPX (I)+ EOX(L).EOX II))

c-07 STOW RESULTS 1. TOP ARRAY
1003 TnP(Yl, lF, ll = SC
1000 TlJ9(K1.1 F.21 = sflR*$AR
1005 c0h1T7NOF

RET,, RM
END

SUBR.UTINE MATPAC

6

7

5

15

*
lR

13
12
22

C-ol
2n

30

PO 5“I=JP1,1O
D. ABS(A(l, J1l
TF(C. D) 6.5.5
nET= .=-
nO 7 K=J.11
R, A(, ,M)
b(l.. )=h(J, K1
4( J, K)=B
C:D
COblT7NUE
7F1Ai S(bl J,J))1 20,20,15
tln . 1=JP1,1O
CflN?T= A(l, J)/ A(J, J1
DO 4 K= JP1, ll
Ail, K1=bll, K)-C0N5T*A[J, K1
lF(ABS(A[lO,10 I)) 20,20,19
PO 1? 1=1,10
K = ,1-1
KP1. K.1
S=o.

PPINT WflRNING MFS5AGE
WPITC (6,30)
“FT .0
co “rn 22

FORMAT ( 3bHo ZcR0 DETERMINANT IN sUBR. “ATPAC )
FNO

SUROn UTINE TDLR (DET)

THIS SfJRROU71NE PERFORMS THE CALCULATION OF THE POTFNTIAL THEORY
nDDEn Mbss ANO wAVE DAMPING PRoPEUTIES OF TWO. D1MENS1ONAL LEwIS
FnRkl< IN LA TEQh L AND BOLL MoTION MODES, THE METHoD EMpLOy ED Is
THAT OF FUKUZ9 TASA1, .HYDRoDYNAM1c FORCE AND MOMENT PRODUCED 8Y
<W AYING AND ROLLING OSCILLATION OF c’fLINDER~ ON ?HF FREE $LlRF4cE*,
TN RF PORT$ OF PE5EARCH INSTITUTE FOR fiPPLIED MECHAN~CS, KYUSHU
18NIV FRS7TYW dAPb N, VOLUME Ix, NUMBER 35, 1961,

<FE ALSO REPOUT BY J. H, VUGTS, *THE HYDPODYNAMIC COEFFICIENTS FOB
TW4Y1NG, HEbv ING AND QOLLINQ CYLINDERS IN A FREE sup FncE., REPORT
No. lg4 lrN ENGLISH I OF LA OflRATORIUM VOOR SC HEEPSBOUUKUNOE,
TECH MISCHE HOQF5CHOOL DELFT, THE NETHERLANDs, JANUARY L9~s.

FF8RLlfiQY 19Tu - 0CEAN1C5, INC. . A. 1, RAFF
PROJECT NO. 1093 [SSC-SRC PROJECT $R.174)

RA$lc rNPu T AND OUTPUT V4RIABLE5
.0 . HALF-BPEADTH To DRAFT RATIO
SIG . SEc TInN AREA COEFFICIENT
XIB , NO N-O1MENS1ONAL FQEQUENCY PARAMETER (OMEGA-SQUARED OVER

GRAVITY, TIMES HALF-BREADTH)
R(1) c ADDED MhSS AND DAMPING RESULT4NT ARRAY IN NoF1.DIMENSIONAL

FORM [ kS IN VUQTS, 4ROVE 1

:
c

C-ol

C-02

M . No. OF TEflM< IN P AND o (POLYNOMIAL I SERIES CSET . q)
N = NO. OF POINTS ON CONTOUR FOR LEAsT SQUARE FIT (SET . IS,
N1 . NO. OF lNTE~VALS FOR N,SUB.O &ND X, SUB-R INTEoBATIoN ,N~.N.~,

COMMON / TDR / NS, SUH{Z1l, SRBB1211. NF, OMT (2S)
COMMON / / TDP(21,25,1o)
COMMON / PROGUAM / ST 0RAGE(691, A(15,101, V,I6) ,YI, I&), R(~, ,s(q, ~o),

x COEFF1 (161, COEFF21161, 5EC1, 91, SEC?( 9,, pco (l&,,
x PsO (161,7( 91,21( 9), xS(161, YS, ,6), P,q), Q (q)
DIMENSx”N ER” (15)
tjATa ERM /6HfufcnTI, &H”E C“N, eHTOUR ,

x bHILL. BE, 6HHAVED , &HMATFIX,
x AH41 . d, 6H3 c&Lc, 6H ERROR,
x AH!IE6AT1, 6HVE FRF, 6HQUENCY,
x bHENERBY, 6H B4L, , 6HERROR ,
P1=3. i~15927
nET , 1.0
rx. o

LOOP OVFR NUMtiEP OF 5TATIONS
no 105 K1.l, N5
HO . SBHIK1)
S10 . SNRB(K II
IF ( K1 ,EQ. 1 1 GO TO 85

CHECK FOR CONSTANT 5ECTION PARAMETERS
KK = RI-1
IF 1 SiRB(K1l .NE.5BhBl Kk11 GO TO us
IF 1 SOHIKI1, NE. SBHIKK1 ) 00 TO a5
no en rf .l, NF
DO flfi J.3,1O

80 T12D(Kl, IF, d) . 7DP[KK,1F, J)
Go Tn 105

C-03 CHiCk FOR ZERO SFCTION
85 17 [ SIQ. GT.O. D .AND. HO, GT. D.” ) GO TO ae

no R& IF=l. NF
Dfl Rh J.3,1o

flb TDP(K1, IF, J) . 0,0
Go 7“ 1“5

C-DA COMPUTE GEOMETRIC P4RAMETE@S A, SUB-1 4ND A,sUB-3
8E XA m I,o+klo

XP . XA, XA
xc . 1,0. HO
XN . XC*XC
WR = xN/xe
CC=l A,* SIQOHO/(P70XR1
A4=CC. UB.3.
QB=7, *( BB.CC)
cc . cc-4.0 .Ho/xe
A3=(-BB. SflRT(BO. RO-4. *AA* CC)),
Al = -XC* [l.0+U3)/XA
A13=I.. A1.’I3
8A13, A13. A13
TA3 . 3. O.A3

812.*AA,

<-05 CUFC. THE RESULT
IF 1Ab5(H0-A 13/,1 .O. A1. A3)) .G,. 10. E.6) GO TO 29
Tr (ABS(51G-P1VH09 [1,0 -Al.41-TA3*h3)/ (b.0*AA131) .LF, 10, E-6)

C-Oh ‘FRPnQ RF TUtih(S
GO TO 30

2q
90

C-o’l
30

C-08

TX. ?
Ir = ?1.1
PR1hlT q7. ERM13*1X-21, ERM[3*Ix-l), ERM (3*1x ),HO, sIG, xTB
rlF7 . 0.0
Tx=o
no T. lPT

~FT I)P V4Rln US cONSTANT FACTORS
h). 15
N1. N+l
FbC . N1
PM . P1/12, @vFAc1
CC = PN,3. O
MM, >
M..
vu . M.,
CONST1 a -T A3*P7/4. o

cbLc LILATE FLINCTIONS OF THETA AROUND SECTION CONTOUP
nn ?, l.l, N1
Fbc . 1
5? . P!d.,FAC
cs5.rf15 (ss)
rT5. ro5 (3..5s1
5S%=SIN (55)
ST S.<lN (3.*<?)
Xn=” [(1:. ii)*sss-4q*sTs ),i]3
Y() . ((1. -A11.CSS+43.CTS ),AI3
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C-09

7F 1ABS(XO). LT.lO, E-6) X0 = 0.0
IF (8H$(YO). LT. lo. E-kl Yo = 0.0
lF (xo.l.T, 0.0 .flR. YO. LT. 0.01 Go To ~0
Y?(T1 . Xo
YS (l! = ‘fO
COEFF1 (1>= 11.-4 I1*SSS. TA3*STS
~nEFF2 [1)= 11,.A31.h I*sl NIE.4ss).2. *A3*s1N 14.*$s)

CA(.<11L4TE P, SUS-O COEFFICIENTS FOR swk7 hND RoLL
IF ( I.FQ. N1 ) GO TO 32
011.1) .%
h(l. MP) . xo+xfl.YO. YO-l. D

3? rOh,T,NUE

c-,0 LOflP OVFQ FREUUFNCY RANQE
no I“. XF=I, NF
xtP , OMT(l F). H.
IF (XIR1 95,70,31

31 rnkl<T2=PT*xre/e. o

c-11

C-12

CA LCULUTE STREAM AND poTENTYb L FuNc TIONs
Pn .0 I.l. kll
Yo . XS (l)
Vo = Ys (r)
Yx . xO*x O+ YO*vn
YK . XI P*XO
?Xk . 51N(XK)
CXK . Clls(xlo
FYY , EXP(-XIH*YO1

C4LC11LATE O ANO S SERIES FOR WAVE lNTFGRAL 4ppRox ZMht~oNs
IF (vO.m T. O. DOOOQO1l GO TO 33
,, . PI/P.0
n;r“ $4

>3 YJ s ATAN2(X0, YO)

34 XA . X1B!J5QRT(XX1
vu . XA

Xhl , 1,0
on = 0.577215b6LQ . ALOGIXA1
P? . xl
CS? . C05 [XI)
5s!2 . 5rN 1x11
CT5 . Css
ST5 . S$S

36 00 = QO. XA*CTS
.S . PS. XA*STS
%N . Xtd.1.o
XR , XR*XC/XN
IA . XS/XN

lF (xA. LT. lo, oF-7 ) 00 TO 37
X1 , CSS*CTS-SSS*ST5
<TS , SSS*CT$+C5S*STS
<T5 . X1
60 Tn 36

c-13 WbVF INT<GFAL bPPQOXIMflTl~N5
37 XA .FKV. (QO*CXK. [P$-PI1*SXK)

UR =FKY*[OQ*SX K-( PS-P!l*CXK )

C-IL cnMRTNE TERMS FOR PSI AND PHI
xx = Xx*x Ie
FKY . EKY*P1
Y(l) . EKY*CXK
Y1 (1) . FKY-SXK ● XA ‘YO/XX
PCO (l) h -EKY*SXK
PsO1ll . EKY*CXK - X8 +XO/XX

40 rOhlTTNUE

c-15 COMPUTE INTEGRALS FOR N,suo. o AND X,$UB-R Ev6LUATIONS
XA . PCOIN1)*COFFF1 (Nl)
XR . P50[N11*COFFF1[N1)
Yr . PC O(N1)*COFFF2[N1)
xhl = P50(N11UCOFFF2(N11
., . -1.0
no .? i .l, N

DP = -PP
DQ . 3,0. PP
YM . XA+PO*PCO (T1*COEFFl (1)
XB , xO. PQ*PSO(ll+COEFF1 (11
xc . XC. PO* PC 0(11*COEFF2 [I)
Xhl , KN. PQ*PSU( 11* COFFF2 (I)
Y(TI . Y(l I-YIN1)

45 Y1 (l, = Y1(I1-Y1(N1)

c-lb nETFm41b,E ALL COEFFICIENTS OF P AND Q SERIES
;;cs: ~T.1.hl

55 s PN.Fb C
Ah = .1.0

PR e COS(SS)

PS7 = 2.0*PR*PR-1. o
ye . P5
Po . 2. O!+PS. PS.1,0
X1 = S1NIS5)
xx . 2. O.XIQPU
*U . xx
Xk . 2.n*xxn Ps
‘an z O.n
hO 50 d.MM. M
00 . 00 . 2.0
*XK k A1/(oa .2,01
tXK . T&3/ (OU.4.0)
RR . YW. PR-XR*XI
PP E PQ*PS. XK”XX
AI I..11 . Eb + (X1B/ A131*(YR/O0 +PQ*SXK-PP.C XK. &A. (1.fi/QQ.SXK-CXK) )
vu r Pm
Po . PP
IR = XK
xK . XR*PS. YR*XX
~F ( I.blE,N ) GO TO 50
FP . Qo*rao

Fo . [QQ.2. n)*(QQ.2. ol
FP . 100+4.0)+,00+4.0)
F~ = {@ Q.l. n). (QQ+l, ol
5FC1(J1 . Xlti!.AA*((l. O/( EP.l ,0) -A1, (EO-1,0, .TA3, (FR-I .0),.

x (1.0-411 +TA3*(-1. o/( EP-9.0) .A1/(EQ-9.0) .TA3, ,ER-9.0), ,
sFC?, J) = bA*(?. U4fi1*(1.0. A3) /(ES-b. 0) .O. O.A3, (ES-,6.0),

5fl AA = -4A
55 COhlTINUE

SOLVF SIMULTANEOUS EOUb T1ONS FOR P ANO o SERIES.
FOFM M RY M COEFFICIENT M4TR1X 07 LEAST SQUARES METHOD
no 7 lE1, M

C-17

c

62

9
‘?

C-17

6

1!

C-17

11

C-le

DO 7 J=I, M
!(l, J)=O.
no . K=l, N
~(1.21= S(I, d), A(K,ll*Al K,J)
T(J.71=5(I, J)

FoP. R. H.S. (M “Ec ToR) ey LC&ST SQUARES METHOD
PO b l.l, M
711)=0.
71 [11=0.
Pfl A J.l, N
7(1) EZ(T). A(J, I)*Y(J1
21(11 =71( 1). A(J, I)” Y1, J)

C(l. J1. S(I, J)/OIV
t’0 ? Jml, M
IF(X. FO. JI Go T“ 2
FAC. S(J, ll
00 7 K= I,MP
S(J, K)= S(J, lf)-S(I,K1*FAC
rnhlT,NuF
no R J.i. M
sIJ, l)=s(J, t”Pl
c“h,TTN”F

CA LCI)LATF P, SUe-2M AND O, SUB-2M SEP1E5
no II 1=1. M
P()). o.
Q(l). o.
.0 11 J.l, M
PIT1. OIT). S(l, J> *Z(J)
n(T1, O1ll. S(l, J,* Zl(J1

CA LCUL4TE N. SUR. O , M, SUB. O , X.SUB-R 4N0 Y.s UB. R
PP = 0.0
Pn , O.n



C-19 rOMP, NE TERMS FOQ F1N4L RESULTS
PP . P(l) aP (l) .“ (1).0(1,
00 . FMO *P(1) .FNO “Q(1)
DO . FNn *P(1) .FMO “0(],
.. . XR 4P (11 . YR a(l)
P5 . ‘fR .P (l, . KM .0(1)
7F (tiM.FO.11GO TO67

c-2n 5W4V RESULTS
%x = 4Rs1Qo*z. o/[ P1*P1l -1.”)
IF (xx,LT. o.025n ) GO To b?
1, ( ABS( 0D-4. g3481/4MAX 1[BBS(F”0+P [ill, ABs(FNO, Q(]))) .GT, 0,10,

b5x XK . HO/l S1C~6PP)
1x=1

.,1, = xK!+Pn

XK =X<n50RT(X1R,
R(?) . PT*PI. KK, >.o

R(. ) = X,*P$

C-21
6R

66

C-2?

67

C-23
70

7?

C-2A
96
gs
9P

93

C-?5
103

YK = A[7, MP1
&(l, MP1 . A(I, l)
A(l .1) . XK
7F”(’MM, EO. 1 ) 00 TO 96
..,1
GO T(! 6?

POLL RESULTS
XT . AFJ?(P5*B. o/( PI. P1l
XK = HO/, A, fl*SIG*PP)
P(51 = XK.PP
R(7) = XK*PO
XK . XK*SOPT(XIB)
R(61 = P1*P1*x K,@. O
R(R1 . YK+QQ
Go To 6R

-1 .01

76Pfl FQEOU<NCY cALCULATIONS
YA . 1,0- A1. A3
xc , XA*XA

Pill = P1.1(1,0-41 )**?+ TA3.431 /l&.0 *H0*51B. xc,
XB , A1. (1.Q-41, (1.0,43 ).A3, [4.o.3,0. A31{5.0). A3*(0 .nO.l%. O.A3/7. )
xc . 2. O*HO/[ S1W*AA13*A13)
0 [3, . .xc*xw/3. o
R(5, = XC*(<A1. il.0+43))V+Z.0. 0*A3*[A1.43* [41.2 .o), ,V. 01, [P T.413)
.,7, , P,l!

PA i? 1=; ;s,2
R(l) = O.n
En T. 103

FRRo P RF TUR,,S
IF ( lX. Fn. n ) GO TO 103
1X .1X.2
1X .1X.2
PQ1m 97, FRM13.1x.2 ),ERM13*IX.11
IF ( lX. LT.5 , GO TO 73
SR7NT 99, P, 0
=R1h17 91, FN9, FMO, xR, YR
IF ( lX. LT.5 ) DET = 0.0
1%=0

STORF RESULTS IN COMMON ARR, Y
MM,2
30 (,0 1.1.8

,ERM(3* 1x), HO, slQ, xlB

J = 142
F,q TnPIKl,l F,Jl . PII)

10b cONTr NuF
105 CIJNTINUE

PC T(IRN

97 FtlPMhT (32HO STOP Id SUBROUTINE TDLR DUE TO , 3Ab / ,oH P& RfiMETER5
x- HP = ! FIO ,4, 3X, 6Hs IQ = , FIO .6, 3X, 6HXIB . , F12,6,

q9 FOP MDT ( 1lH P SERIFS - , qE13. a / llH o SERIES - , 9E13,1. I
ql FORM&T (5H hllJ=, F12.4. bH, MO =, El?.., bH, XR ., E12.6, 6H, YR =

x , E12.. I
Fh,E

SIJRPflUiINE AL IN,

TMTFFPOLATE ALL REQUIRED TMo.DIMENSIONAL PROPERTIES h~ P4RTIc UL4R
reEo IjEticY, Fern ALL SECTIONS. USE CONTINUED FRbCTIOV METHOD, WITH
SIX VOlhlTS, THREE ON EACH 5TDE OF QIVEN POINT, AD&PTED FRO”
CUR POUT INES ACFI AND bTSM OF ●?Y5TEM/3b0 SCIENTIFIC SUBROUTINE
PACKb QC, UERS, ItIS, IBM PUB. NO. H20-0205-3 (1968 ),.

Cfl.MON / WbSDA / BPL. D15PL, TMAss, YNERT, BSTAR 121) .ARFA (211 .
x sECOE(21), DRbFT(21), ZBAR 121), x1121 ),xlso (21),
x DWEIGH1211 .DMAS51Z11 .ZWT121), QRL121), ZCQ, XNERT,
x XZPFRT. GM, MINKRI, MA XhR1,1NCPE5, ROLDPF
COMMON / TDR / N5, S@ H(Z1), SPBB(211, NF,0MT(Z5)
rO.. oN / / TDP(21,25,1o,
COMMON / TDIR / WE, WFN, ANS(21,101, KL, KU, IO, IW
P7MFh,ST”N “AL(6), ARG (6)

r-ol LOOP OVFR NUMtiER OF STATIONS
nn %0 KIzl, hlS
KM . KL
u . vEhluoRAFT(KI )

r-02 r14ErK FOR ZFUU SECTION
IF ( DRAFT (KI, ,67. 0.O ) GO TO 1
no 7 K= KM. KU

T Ak15(Kl,K) . 0.0
r?n Tl! 2’5

,=,
b K- = (J.l )/?

1, ( X .GT. OMT (K) , GO TO 8
,I=w
Cn ‘rn Q

nT. b’
9 ;; ; ;ARSIJ-1) .GT. 1 1 GO TO k

TF ( X.GT. 0.0 ) 00 TO 33
,NS, K1, I1 3 ,.0F7S
60 T. 3

33 x. . i.O. US TAV(WII /12.0 *D PAFT(K, ~,
4klS(Kl ,1) . TUP, K1,2,11U (0.?3-ALOG1 X*XH)l/(0,23-A LO G(OMT (Z)*XH)l

3JJ=3

01 . O.i
02 . 1.0
XHN . 1.E75

C-on r#TjNUFD FPAGTION INTERPOLATION LOOP
T.% .(,

JS i 1-1

P’! , v4; (I). p2+(x. AuE(I.l, )*pl
03 . V4L[I).02. (X-ARQ(I-I, )UQ]
IF ( 03. NF. O.O , GO TO 15
XHN . 1.F75



cOMMON / C0~lD4 j P1.G4MMA.QRAV.RO
cnMMnN / BASDO / RPL, DISPL, TMb SS, YNERT, BST4R[Z11 .ARFA [211 1

x SE COE(21), nRAFT(21), ZBfiR(21) .Xl[21). XI SO [21)*
x DwEIGH[zll, DMASS121). ZWT121 1!GRL(211*ZCG9xNERr*
x XZPERT, GM, ”lNKR1. MkXKR1. lNCRES, ROLfiPF
CnMMON / TOIR / WE, tiEN.bN5(21, lD1. KL, Ku. 10, Iw
COMMON / MIMU / lA. NS. DX1, V, WAMG, OMEGA. whVEN. CW. D1f(21*5). F4CV WA
COMMON / EQMO / CV(12), CL1271,7W 9MW, YW*NW, KW
.OMPLEX 2W, MW,’fW.NW, KW
cnMMnhl / PRflGRAM / STORAGE (h421. F1l O1+FX1l O1 vFX5(41, DF[5), DFX [5)*

x DFXS(21, Y(211
TT , 1A“,.5
Of . Oxr
TV = 2.O*V

C-ol

>

.

CA LrULATE RF9UIPEb lNTEGPALs OVER
D“ 1“ K.KL, KU

F(KI m 51NT1lT, M. Y,Dx1
IF ( (K.ll/z. EQ. b 1 GO TO 10
no . I.l. M
V(7I = Y1ll*X1(ll
FX (K,. slm(IT, M, Y.oxl

lF ( K.GT. h ) 60 TO 10
nt) 6 1.~,M
Y(l) . V(I1*XI1l J
Fxs(Kl=slhlT (lT.M, Y,Dx)
?“MT, NUF
RI . SINT(lT, M,8STAP, DX)*QAMMA
no 13 1=1, M
Y1l) = PSTAR(l)+xl [l)
RX I . S7MT(1T, M, Y,DX1*GAMMA
Pfi 1. Iml, M
v(r) . Y(I )*X1(T)
RXSI, SINT(IT, ”, Y,DX1*QAMhA

SHIP LENGTH

C.OZ IblCPFASF ROLL oh MPING (TO ACCOUNT FoR VISCOUS EFFEcTS)
F(RI . F(BI. ROLVPF
IF ( KL. GT.2 ) 09 TO 19
FAC . efl/s QRT(wFw*3/6RAv)
F(?) . F(21*FAc
FYI?) = FX[21*FAC
FxS (71 . FX51Z1*FAC

C-IJ3 CM LrIILATE pk0d7RED DE R1v471vEs bm THEIR lNTEQ*ALS
19 7nY . 2.n*Dx I

MM = M-1
n“ ?q K. KL, KU,?
WK . (K.11f2
nlX(l, KK) = 14N?(l, K1-AN5(2, K))/DX1
“rX, t4.KK) . (ANSI M-l, K)-ANSIM, K)l/DX1
bn ?? ~=2. VM

22 C)TX(T. KK1 = (ANS(I.l VK1-ANS (I.l!K1!ITDX
nn 9. r.l, M

?L Y(1, . nIxll. KK1
nr(h’k-)= S1N7[1;;M+:!:; )
IF 1 KK. FO.. 1
nn ?5 r.l, bl

%5 Y(1) = Y(II*x1(ll
hFX(KK1. SINT(l T, M, Y.OX1
IF ? KK.6T.2 ) GO TO 20
bn ?6 Y.l, M

?6 v(l) . Y(ll *X1(l)
nFxq, KK). 51 NT(TT, M, Y,QX1

?0 ?nblTTNUE
IF [ KL, GT. ? ) GO TO 30

c.06 FORM cOKFFICILhlTS FOR VERT1C4L PLANE MOTIONS IHEAVE . PITCH)
cV( 11 = TM bS5. F(l)
?“( 7) a F121-V4DF [11
Cv( -+) . 81
CV( .1 . Fx(ll
CV1 5) . FX(21-V*nFX (n-TV. F(l)
rvl h) . BX1-V*CV 12)
CV1 71 = YNFUT. FXS(ll
CV( e) m FXS121. V*DFXSII1-TV*FX1 1)
?!/( 0) = BX51-V*FX (214 V* V* DFX[ 11
Cv (lo] = Fx (l)

CV[lll . FX(2)-V*DFX(ll
CV (I?) . BX1
lF ( KU. LT.3 ) 90 To Lo

C-U5 FORM COEFF5, FOP L4TERAL PLANE MOTIONS (SWAY. YAW
30 CL( 1) = TMAS5” F13)

cL( ?) . F(+) -V VDF [2)
CL( ~) = 0.0
CL( i)
CLC ?1
CL( k)
CL[ 71
CL( B)
CL( 01
CL (lnl
?L(l I1
CL (17)
CL[l I!
CL(l’1
CL[15)
CL(161
CL (17)
CL(l P1
CL(191
CL(?O1

..

..

.

.

.,
,
.
..
m

.

FX (3,
FX,. )-”* DFZ(2)-7V.V,3>
-V. CL(?l
-F(9) -7CG*F 13)
-F ILOI. ZCG.tL(2). v.DF (51
0.0
FX{3t
FX,4)-”*DF X(21
0.0
YNERT. FXS (31
Fx5(a, -v* DFx5[21-Tv+Fx (31
.V*CL(, I,
-X7 PERT.FX ,91-ZCG*FX (31
-F X(1 O)- ZCG*CL( 111. V* DFX (5)
0,0
-F(5) -7CG*F (31
-F{6)-7CG*CL(21. V.OF(*)

cL(?ll = 0,0
CL (7?) = ‘X7 PERT -F X(5) -Z CQ*FX [31

CL[??I . .FX[61-7CG*CL 11L1. V* DFXl~)-TV*CL (19)
CL IP.) . -V* CLl?O1
CL{??) . XNFRT+F (71. ZCG*F(~l-ZCQ.CL IIql
?l(?el . FIP)-zr G* CL(20). ZCQW[F[ 101-v *D F(511-V*DF
CL (77) . D15PL*GM

40 RET(IRN
FNO

+ROLL)

[4)

SUn PfiUTINE ExCITE

cmunv / cONDA / PI. G4MMA,6RAV,P0
cflM.nN / RaSDA / BPL, OISPL. TMASS, YNERT. ESTAQ (211 ,ARF& (211 t

x SE COE[211. DRbFT1211. ZBAR (211vX1121)?X1S0 (211.
x DwEIGH(El ).DMAs5(211. zHT[211. GRLt2!), zcG. xNERT*
x x2 PERT, GM, MlNKR1, M&XKR1 ,lNCRES, ROLn PF
rnMf4”N / TDTR / WE, WE N, AN S(21,107. KL. KU,1O.1W
rOM. ON / MIMD / lA, NS, DXI. V, WANG, OMEGb, wAVEN, CW, D1X(21.51, FAC. WA
cO14M0hl/ EQMO / CV(12), CL[271, ZW, MW, YW, NW, KU
COMPLEX ZW, MW, Ybl,NW, KW
COMMON / HhDA / cxFs T{zll. cxFL1211vcxMR 1211 .50 MM151.31. smMP [51.31
COPPLKx CXF5T. CXFL*CXMP
r’lf4MfIN, PRoGRAM / 5TORAGE(I,57) ,V 121) .W 121)
TT , 1A
M . k,s
nx . bx7
.hl , WAVEN
CW4k( x CO S[WAN6)
SW.), . SIN fhlANG1

C.ol

1?

CA LC(lLATE N6VE EXCITATION AT EACH STATION
““ >!. l.l, NS
XKCW = -WN*X1(l). CWAN
cXK = CnSIX&C#l
sxf . 51 N(x KCHI
FXY . -F XP(-WN*n P&FT(ll*SECnE (l) 1*U4
xA . D5T&R(7) *w N*3WAN/2. O
1? , XA. FQ, O.O ) Go To 12
FXY , ExY+SIN(Xbl/XA
lF ( KL. GT,2 1 GO TO 10

c-02 FORM VERTICAL FoPCE COMPONENTS
FKL . GA MMA*B5TAR (r)-WNVGR&V*ANS (T,l)
?.KL . WN*CW*( fiNS11,21*FfiC-V*DIX [1.11)
rx = ( FKL*5%K. SKL*CXK1%XY

= [ FKL4CXK-5K L* SXK, .EXY
;; F5T [11 = CM PLT(C!4,5X)
TF { XU. L7.3 ) LO TO 30

C-03 FORM LA TERhL FOPCE COMPONENTS
In FKL . GOb V.(RO*b RE4(11. ANS(t .3)-w N*AN511 .511

CKL = C.*l ANS(l. ~)- V* DIX(I, ?l .MN*V*U1X11V31)
FXY , WN*EXY*5Wh N
c!i r ( FKL. CXM. SK L*5FK). EXY
?X , (-FKL05x&. sKL*CXK1*EXY
cXFL, lI = CMPLX(CX, SX1

c-oh FOPM ROLL MOMENT c0MP0NEN75
FKL = GR4V*(RU* (@ST AR[1)**3/12,0 -A REfilll*ZBh R(l) )-AhlS( 1,51 1

x -ZCG.FKL
5KL = CW*[-ANS (1,61 +V+~DIX [1,3 11-Z CG+SKL
cx . [ FKL*cx6. sKL.SXK1*EXY

PM (T”) . CbB5, R4)*57, >95,7g
RP(lrI) = AT4N2[BEAL IRA1, A1M4G[U4)) .57,295779

20 nFTIJPtd
FND

. —



61

30

C-OS

32

33

c-oh
40

4?

L3

&4

-X . (-FKL*SXti+St?L.CXK> ●FXY
rX~R (l) = cMPLX(CX,5X1
cONTINUE
IF ( KL, GT.2 1 QO TO 60

IhITEGRATE VERTICAL FOQCE AND
Do 3? r=l. N$
Y(1) . PEA L(CXFST(I1)
!4(11 = AI MAG(c XF$T II))
cx . SIN1ll T. M, Y,UXI
qx . SIN711T. M,w. DZ)
7W . CMPLX(CX, SXI
no ?3 1=1. N5
YI1l x YI1l*XII1)
!4[11 = W{ I).x L(l)
rx P -51 M7(ITVM. Y,DXI
sx . -S INTIITVM. w,Dx]
MW . CMPLXICX, SZI
lF 1 KU. LT,3 ) Go To 50

PITCH MOMENT

7N7EGRATF Lb TERAL FoPCE,
Do .? r.l, hls
V(1) . REAL (CXFL III)
(,,(T). fi7”A”(Gx FL (I))
cx . SIN1(IT, M, Y,DXI
St r 51NT(lT, M, W,DX]
‘fu . CM PLX(CX, SX1
no 4? 1=1, h15
v(l) = V(ll*Z1 (l)
W(11 = P(ll. X1(TI
cx . SIN TIIT. M. Y,DX)
5X . SIN T(l T, M, W,DX)
NW . CM9LX(CX,5X1
no .. 1=1, NS
Y(l) = RF AL(CXMF ,1))
,8(1) . ATMAC,CXMR (1))
rx , 57 NT(77. M.Y,Dx I

YAW MOMENT bNO ROLL MOMENT

?X . 51 NT[lT. M. N.OX>
Ku . cMPLx(c&, sxl

50 RETURN
FND

c-al

,?-02
It

<U R.OUTTNE MOTION

rflMM@N / TDIR / WE, WE N, AN S(2, ,1O), KL, KU, IQ, TW
COMMON / EQMO / cv(121, cL(27), zu, Mu, yw. Nw, Kw
cnvMnN / MOrl / 2A, TA,5A, YA, PA
COMPLEX ZA. TA. S&, YA, RA
cob!.ntd/ MOTN / ZM1511. ?P151!, TM1511, TP (51 ).sM1511,5P (31) PYM1511,

< YP[51), RM(51), RP (511
roMPLEX P,a, R,5, T, U, V, W,X, ZU, MW, YW, NW, KW, DEN
b’FS , WF*WE
WX = -WE
IF 1 KL. GT. ? ) ,70 TO ID

VFOTICAL MOTIONS COMPUTATIONS
P , CM PLX(CV( 31- WE S.CVI l,, WXOCV( 2))
O E .CMPLX(CV( 6). WES*C’J, .,, WX*CV[ 511
P . .cMPLx( rv(12). wEs*cv (10 l,WX*CV[l l))
S . CMOLX(CV[ q). WE S*CV( 7), wx*cv( 0))
nFhl . P“s. R.Q
7A = lZU.S-MN*O)/hEN
7A a (P*Mw-P+ZW)/D<N
zv(~n) . CAB$(ZA)
7P(10 I . 4Tb N2[REAL [2A1, AIMAQ [7A)) ●57.2957,9
TM(lnl . c!JRS[TA) *57. F95779
TP (10) . 4TAN2(REAL (TA), A7MAG(TA )1*57.295779
lF ( KU. LT.3 1 Go 70 20

LA TFRAL .“TIONS Compute TIONS
. , CMPLXICLI 31-wES*CLI 1,, !4x.CL1 211
0 . CMPLX(CL( 6)-wE!!*CL( 4,, WX*CL( 511
R . CM PLX, CL( 9)-q ES. CL[ ?), WX*CL( 8))
q . CM PLX(CL,12, .WES*CL 110), WX*CL (11))
T . CMPLX(C L1151-NE 5.CL(131. WX*CL[l.1 1
1, . Ct4PLX(CL IIR1-#ES *CL (16), wx*c L( 171)
v . CMFLX(C L(21)-wE S. CL IIq). WX*tL [201)
,,, . LMPLX(CL [?f,l-WES*CL [221 ,wX4CL[?31 )
Y , CMPLX(CL {27) -W E5.CL, Z5) ,NZ.CL(%6, ,
nEN . P. TV X. a. U. V. R. S, W- “, T. R- N. u, p- X. S, D
<s m (YW* T. x. Q. U*KW+ R.NW. W.KW* T* R. p. U*Y!+. X*N!4* o,/OEM
‘fA . ( P*NW* X.YW. U* V+ R. S* KM- V+ NW. R-KW4 U* P- X* S*YW) /DEN

. ( P* TOKW. O+NV* V.YW* S. M- V+ T* YW- W* NW* P.KW* S. a) /DEN
;; (101 . CAHS[SA)
?P(TO1 = &T UN2(PEAL(SA) ,b1MAQ17h1 ).57.295779
YM 1101 . CAP S(7.1*57.29577q
Y.[lfll = AT PN21REA LIYAI, AI MA GIY411 ●57.29S77g

C-ul

c-o?

c-03

rOMM”N , CONDA / P1, GA MM A,OR fiV,FO
rOPMON / MHDT / HDA(14) tDTA, PT8,10,1C,1D, IE. TF, rOtlN$ll,lJ, sT$(51
COMV”N / ,9bsDA , BPL, DI$PL, TM4SS, YNERT,USTAR( 21) ,ARF& (211 ,

x $EC0F1211, DR4r7(21) tZBAR[2i ),XI(21), X1 SO(2i IP
x DWE1GHt211, DMb5S(21>, ZHT(211. GRL[2,1. ZCG. XNERTw
x xZPFRT, GM, MI NKRI*M4XKPI ,INCPES, ROL” PF
r0kv4nN / To7R / WE. WE N,AN5(21,101, KL, Ku, lo, Iw
COMMn N / MIFI) / lA.NS. DX1. V, W4NQ,0MEG4 .WAVEN, CW. OIX 1Zl,51, FAc, mA
CflFMPN / UhOA / CXF5T(21), CXFL(21), CXMP (21I,SHMM(51,3), SRMP [51,3,
?OMPLEX CXF5T, CXFL, CXMR
rOMMPN , MOT1 / ZR, TR, SR, YR, RR
COMPLEX ZR, TR,5R, YR, RR
cOMMflN / PRoGRAM / CLe M(51.31. CL SH(51.21. SP4cE (eO), qHM(31, sHP (3),

x eMM (31 ,RMP (31 ,WE1, ZRD, ZROD, TRO, TRQD, SRD, SRD”, YRD, VROD, RRD,
x RR DtI.cTF3T(21.31, A,B
rnMPLEX WE1, ZHD, ZRDD, TRD, TR"D, SPD, SRDD, YRD, YPDD, RRD, RRDD,

x LTFST, A.R

SET UP CALCllLATtON phR&METER5
WE I = CMPLXIO. O,-WC1
.(L . lKL.51/4
JLI . (Ku.51/6
HH . DX 1/2.0
NT = N5-1

?ALC, ILATE ToTAL LOCAL LOADINGS AT EACH STAT TON
lF 1 KL. GT. ? ) GO TO 12

VFPTIChL FoRCE cOMPONENTS
7RD . 7Q46WEI
TRD . TR. wE1
7R00 = 7P D*k,E1
TRDb = TRD*WE1
nn In T.l. M15

10 CTF. T(l, l, . .( DMA5S(1, .ANS, 1,1, ).( ZRDO-XI ,1,.TRDD, -AN S, T,I, O
2.17*V*TRD -G& MMA*R$TA R[lln(z R.xr (I).TR, -( ANs, I,ZI*

; FAC-V*UIX1l, II ,.(2R0. xr(l)*TRD. v*7RI .rXFST (II
IF ( KU. LT.3 ) GO TO 16

C-OL lLbTFPAL FORCE Ah\n TORSIONAL MOMENT c0MpoNENT5
12 sRn . $R.WEI

YRD , YP*WL1
RPO . RR~~UEt
SPDD = 5Rl)*wE1
YQDn = YQDVb El
PRDD = PRDUWE1
no !. 7.1, h15
CT F=7 [1,2) . - nMbSS1l ).,5 RDD. Xlll).YRDD.ZWT (1). RRDn,

v -4N5(I.3] *(sPDO+X1( 1)* YRDD-2 ,o*v*rRnl .lANsll, L!-v.
x UIXll.2~) .[5R0. Xr[Il*YRD- V*YR. ZcG. RPD ) .(4 N5[ 1,9)+
x 2cG.4Ns(r,3))*RRDn .lo Msll, lo I.v*D1x1x,511.RRD
x .CXFL (l)
CIF~Ttl ,3, , -DMh SS1l). [GRL(l) ..2, RRDD-ZWT (1,.($ RDD. xI, I),yQDo

1 -G R$v*RR) )-GLMMA. {BST AR, I)**3/, ?.-4sE, (rl.(z BAR, l),
2 7rG)).RF -RRDb*(ANs (I.71. zcG*IANs Ir,51 .AMS(1,91+TCG*AN S(I,31>,
3 .7CG. C7FST(1.21. IJ .RRD*[V* ID1X[1,4). ZCG, (D1xlr ,3)
4 +D1X(1,51. ZCQ”DIX(I,211 ) -ZCG*(ANS (r,l”, ,4NS(I, b)
5 .7CG*ANS[l, L) 1.AN5(1?81-ROLD PF/BPLI+, SRDO+XI (11. YRDD-2.0. V. YRDI
6 .(AN S(1,5!. ZCG*ANS 11,3 )1 *(SRD. X1[l)*YWD. V*” R)+
7 lfiNS(I,6) .LCG*ANS(I ,41-V* 1D!x(I,3) +ZCG*DIX II,?I)l. CXNR (I)

14 roh171NuF

?-05 LOOP OVKR STATIONS FOR 8ENDIVQ MOMENT CALCS,
16 KR7T = MI NKR1

IF ( KPIT. GT. O ) GO TO 18
Yr . xI[ll. Hn*(l.0-lfl)
Go ‘r? 19

In XX , XI(KRITI .HH*[l. O.l A)

C-Oh LODP OVFR NUMtiEP OF TYPES OF L04D1NGS
19 DO 30 K= JL, JU

n . [0.n,t!.n)
P E [0.0,0.0)
IF ( KPIT. EQ,U ) GO TO 22
b = cTF3T11, K)/(l.l A)
e . ).,~~(1]-xx)
lF ( KRIT. EO.1 ) GO TO 22
nQ ?? 7=2, KR1T
b . O.CT FST(l, K)

2“ P , e.c TF3r, J,K). (xT(T) .~x,
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B . P- CTF$T (N!

22 HK . KR7T.l+Yu
JF , KK. GT, h15 1 00 TO 26
A . b-CTFST (N5,K)/(l. Ibl

,,K)/[lt Ih)*(x1(NS
IF , KK. GT. hlT ) BO TO 26
nO ?4 l=KK. NT
A . o-CT F5T(1, K)

?6 R . R-C7FST (1,K)*(KI(71-XX1
?6 lF ( K.FQ.3 1 B=b

<W!J,KI . cAF?31A)*HM
R!4M(K) . CA PSI RI*HH
5HP(K1 . ATBN2(REAL (A1, A1M4G (A)
R14P(K) . AT AN2(REfiL [Bl, AI MAG [B)

30 C0b1T7N(lF

,)-xx)

1*1BO. o/Pi
l*leo.0/P1

lF ( MAx KRI. EQ, MI NKRI 1 GO TO 31
PRINT qo. OMEhfi.KR17, [BMMII), BMPl 1). x.1V3)
TF ( KPTT. NE. (N5-l A1/2 I Gn To 34

C-DT 570n F RESULT
31 00 3P K=JL. Ju

5RMM(10. K) . HM14(K)
3? sPMP1lO. K) = HMPIK1
3. IF ( KRIT. GE. MAx KRI ) GO Tn 3U

h’QYT . KF41T.lNCPES
Go Tn lR

3R 1P [ IH .LE. 0 1 so -lo 60

C-OR rHFc K SHEAP &ND BENDING MfJMENT CLO$URE
Pn 30 K=1*2
rl.sH, lo, K1 = 0.0

3V cLRb,,30. K) = O.O
CL RM, YO .3) . 0.0
Do =,U V. JL, JI
A . (CTFSTII, K). CTFST(N5, K1, /[1.1!41
h = (CTF5T1J, K1. XT(l) .CTFST, NS, K) ●X1( NS)l/(l.l A)
no .0 1.2. h,T
b . A.CT F5T(1, K)

60 P . R.CT FST(l, K1+XI[ll
TF ( K.LT.3 ) fin -lo 65
P=o
r+” T? 50

.5 rLSH, 10, K) = LA RS(41*DX1/D15PL
50 rLRM(lO. F1 = CA RS(B1*DX1/ SBMM1lO. K)

6“ RF T(,RN

go F“P.6T , r9.4, 110, 3( E13.3, F?. o)
FND

r-o>

sUFR”UTINE TIUIRPA

rOMMON / CONDA / P1. GA MMA, GRAV, RO
rnMMON / MHI)T / HDA1141w DTb, DTR. IB, IC.l D,l E, lF,l G, IH, 11,1 J,STS($I
rOMMf)N / RASD4 / uPL. D!SPL, TMASS, YNERT.8STAR [211 ,ARFA {211 .

sEcoE(21), DRAFT [211,7 BARl?ll, x1(21 ).xlsQ (211.
; DWEIGti (21), DMbSS(21) ,ZNT 121) ,GRL 1211 ,ZCG. XNEQT.
x XZPERT, GM, MI NKR1. MA XKR1,1NCRE5. ROLn PF
COMMON / CbSDA / NN, OMW($ll ,WVL [511 ,0MWE (51) ,vMIN,; Mb X.DELV,

x NwA, wAD(2s), waNG1, wAN5A, DwNdQ, Nwl, uD(20, ,wLL (51)
r“l+ilnbl/ TDIF / wE, WE N,ANSI% 1,1 01, KL, KU ,10,1 W
rnv Mn,I / MIMD / 16, NS. bX1. V,WA NG, OMEGA .WfiVEN, CW. DIX [21,sI, FAc. WA
c“MMnN / MOTN / 7M(511. zP1511, TM1511. TP (51) .SM[511. qP(511, YM 151).

x YP1511. RM(GI, .RP ,511. .
r“”14nN , BMDA / CXFS+[21), CZFL,21i; iXMR (21),SBMM(51,3), SBMP {51.31
r(IMPLEX cXF5T, CXFL, CXMR
CnMMON / PROGUAM / CL8M(51,31 .CLSH151,2). SPACE (401,7 N(511,7N (51),

x xN(51, ,Mbl(511
D1MF,IS1ON HDbP(?l, HDBP(&l, HDCP (&), VN(511
“BTA HDAP / !+H AMP,6HL. PH.4HASE /
PATA HDRP / 6H hMV6HPLITUD, bHE pHA.3HsE /
DAT6 HDCP / 6P! ,6H5HFAR ,&li M,6HOMFNT ,
T,, . 3/,0.Oibw,
lUAhl . l.O+ll* (1.O/WA-1.0)
M5 . (Ns.11/?
GLR , (1.O/[GAMMA *@ PL*&PL. US TAR(MS1* MA)-],0)*11.l.0
IF ( KL. GT. ? 1 GO TO 20

PRXhIT Wr FeEUUCNCY RE$PON5E FuNc TIONS, VERTLCAL pLAME
PqTh,T 970, HDA, DTfi,07R
PPIN7 971, v. HAn(lwl
PRTh(T 93s
IF 1 11. FfJ.1 1 PRINT 937
PPr~lT 9??
PRINT q?3
PR1k\T q?4

PRINT V25, HDAP. HDAP
PR1hlT 9?6. HDBP
DO n I.I, NN
7N (1, . 7v[, )*wb N
Yhl(l) = TM(ll*( l.O. II*(WVL1ll/TP 1-L .O~)

8 xN (T, . SRMV(l, l)*GLB
PRINT 930. (OMW1l), OMWE1ll, WVL(I1*ULL (11. ZN(I). ZPI1), YNI1l VTP 111.

x XN(I>,5BMP 17,1 )S1=19NN)
lF 1 KU. LT.3 1 GO TO LO

C.OF PRJh,T 0“1 FRE[AUENCY RE5PONSF FUNCTIONS. L&TERAL PLANE
?n PR1blT +2 D.’dD4.0Tfi+bTB

PRINT 921, V,Wbn[l W1
PP1hlT 936
IF ( 11. FQ.1 ) PRINT v37
PPTblT 9%?
PR7hlT 977
PPThlT 9?.
PRIMT 9?5, FDA P,HDAP, H13AP
Pnlhll 9>8, NDd P. HOBP
no ?5 1=1, N)
7N(T) = SM(l)*WAM
FNX , l.o+ll* [WVL11)/7P1-1. O 1
YN (l, = YM1l)*FNX
YN(ll = FM(ll*Fhl X
VIN(ll . SBMV[l, ?l*GLR

?5 !lhl(l) . 5HM!”(X.31.6Lfl
PRIWT 9?1. 10MW17), OMWE1ll, WWLI1), WLL 17). 7N111,5P Irl, YN[ll*Yp (11 v

x XN1ll, RP1il, WNII1, SPMP[l .21 .VN[ll, SBMP(1,3). i=l, NNl
&n TF ( Iti.LC.0 1 GO TO 60

c-”3 PPThlT OIIT SHEAR QND MOMENT CLOSUPE RESULTS
.PJrJT 9?0. H[>A,DTfi.DTB
PR1N7 q>]. 11.NAnl~w1
❑P7L’T .33
PP1hlT 9?%
PR1!IT 979
PR7hlT Q74
PR7h,T 93?. HDCP. HDCP, HDCP(31, HDCP (4)
PUTNT ~>b, llJMwll),OMWE1l), WV L(T1. WLL [1). (CLSHII, KI, CLBMII!S1 *

K. I.21. ?LHMI 1.3), I.l, NN 1
~“x OETIJPhl

Y?; FnRMOT ( /43tIU
923 .flDMOT ( lH+, 42X.

~ .... “,.

v7n FnPMa T ( lH1, 13A6. AZ, 3X, 410, AZ)
V? I FOP MOT ( 9H” SPEFD . , Fe .4, 6x, 13HwAVE ANOLE = , F7.2,5H DE G.)

NAVE ENcouNTER I14VE WA Vt,SHIP )
53H HEAVE plTCH VEDTICb L

A ,.r!\!l>..,.
v2b FnP. DT(’3H’FRE OUENCIES LENGTH LENGTH I
9?5 FORMAT 1 lH., b?X. 3( 2A6, 46 ))
9?6 FORWOT ( lti-. 1.X. 3k6. A3 / 1
‘+?7 FnDkqAT 1 lH.. 47X. 89H SWAY AV ROL

XL LA TFFAL 6END. MT. To RSTONAL MOME;T !
Y?H FnR. bT ( lH. , qOX, 21 3?36, b3 1 / 1
Y?9 FnPMPT I IH. . 4exq 5. HvEPT7c4L BENDTNG LArEn4L BENDING

x TOP C1ONAL1
Y30 F.QMOT ( 2F11 .5, F11.3. F1O... F8,4. F8.1, FB.4, F8.1, E13.3? ?S.11
931 FoPMAT ( 2r11 .5. F11.3. FIO. b. FU, &. F8.1. FR.4. FS.1, FS, &+ Fe.1,

E13.3, FO.1. E13.3. Fa.11
U., X.” F.AT ( lb!., A>X, 10A6 /)

F,,x, WH5HEAR Am MOMENT cL0511RE RE5cILTS )
, 5E12.3)
PL&NE FE5PONSE5 )

PLb NE RESPONSES 1

,.,
933 FrlPMbT 1 lH+, !
93. FOP MAT ( ?F1l .5. F1l .3. Fin. b
v35 FOPMfiT ( lH., 51 X, FUHVERTICfi L
q36 FnUbtAT t lH. , 51 X,Z3HLATERAL !
*37 FORbAMT ( I!I.. 76X, 17H(NONUD1MENSIONAL) 1

FhlU

cl)ePPUT1hlE 5Ta T1

COMMON / MHDT / HDA[lb) ?0T4, DTP,lB.l C. ID,l E, lF.l G.l H.ll,ld*s T$[51
rOPMn N / CA SUti / NN,OMW( 511, WV L151). OMWE (511, VMIN. VMAX. DELVV

< Nwb. !4bO(Z5) ,u&NG1, WANGA,OUANG, NW1, VO [20) ,WLL [511
rnM. nN , MIMD / Tb, N5, DX1, V.WAtJG,OMEGA ,NAVEN. CW. D1X(21,51. FAC* Wh
rnMP,nN , TfilR / wF. wEN, AN5121,10 I,KL, KU, IO, lW
rob~MnN , MOTN / e& bl(51.10)
tnMbohl / Wlna / SPA CE(12b1 . SRMM(G1V31 ,5PA CEB (1531
rnM!””hl, STAT / 5PEc M(10,511, R$D(8,10 .25!
rO.MON / PROGUb M / B5P[51,8), T(51). R5T [8.51

<FT cbLc(,LA TIUbl P4RAMETER$
.fL . 0MW131-UMV 121
,“A< , UA.WA
,111. ?+ Kl)/3
,JQ = 6.KL/3
JC = 6-KU/5
P. 3 l.l, B
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.

no . L.l, NN
3 U? P(, ,I1 . n.o

,,
<-03 \lFPT,CA, LND LATERAL MOT TOI.IS

nn 4 T=KL. JU
J1 . ?* I-1
““ ? L.l. Nhl
YIL1 = SPECL”lK. I.I*RAM IL,JX)..2, WAS

? P.P,,.,11 = Y(L)
b PSD(T, K,7W) . SIN7(l, NN, Y, DELI

IF 1 lB, LT. P ) !5n To 9

C-O. nFNn1N6 AND TO RSTONh L MOMENTS
DO e 1.JB, J<
J1 = 1-5
D“ & L.l, NN
Y(1I = (SPECM[K, L1*S8MM(L, J1) **> 1VF4C/MAS

b P<D1, ,ll . Y(L1
R RS~(i, K,l W1 . SINT(L,NN,Y, DEL1

c-05 cALc11L4TE RF5PONSE 5TAT1ST1C5
qno 15 L.l, e

R$T(,. !l) . RSU(L, K,l W)
P5T(,,,?1 = SQRT(PST[L .1))
PST(I .31 . RST(L!2).1. ?5
.<7,, ,., . PST [,,21.2,0

15 PST II .5) r P5T(I ,2)+2,5S

c-(I6 PRINT OUT ~KSPO!ISE SPECTRA &MD ST fiTTSTTC5
.PrhtT 92, .Hoh. DTb, OTM
901.7 ~?l, v,w41)[Ik1
lF , In. L7.3 ) PRTNT 9?3, ND (K,
7F 1 10. Fo.3 ) PRINT 925. WD(K), WD(K.1O)
PPTblT 922
,.!,,? g?’
PIJThlT 9? f,, 10MW,l), OMUF(ll, WVL(1),1RSP [l,J), J.1,8), ,. I,NN)
PR1hlT 92U, (STS(ll, [RST(L, I], L.1,8 ),1.1,5)

lfl rONT, NUF
RF TIIPN

Y?fl FOPM, T ( lHI, 13A6, A?, 3X, !310, 42)
Y21 FOR PAT I gHns PFFD . . F8 .6, 6x. 13HWA’JE ANGLE . , F7 ,2, 6H DE G.,,

x 48x, 2uMkESP0NSE tAMPLITUDE) SPECTRA )
V22 FORMAT ( 33H0 WAVE ENCO(JNTER W6VE
923 FnRM, T (lH.,5*x.13Hw1ND SPEED = ,Fb,2,’1H KNOTS,))
97. foPMb T(33HFREQu kNCIES LENGTH , 5X, qlblHEAVE

XP1TPH5 WAY Ybw ROLL VERT.9. M. LAT, B,M
x. TOM5NL. M. /)

Y?5 FOR M, T(, H.,51X,15HS16. !4k”E HT. r ,F6. Z,16H, MEAN PERIOD , ,Fb. p,
Y?6 COP.,T , ?Fji.5, F11.2, eEi2.3)
9?8 ;;; MAT , lH”, ?6X, A6, 8E12.3, ‘, 27X, A6, eE12. >,),

c“M. ITM / COb,U. , P1. GAMMA, GR!4”, RII
CCIMMON , MHllT / HD4(141, DTA, DTR,lB, IC,1O, lE, lF, lG, IH. 11, IJ. STS 151
rnMMPN / cA!iDA / MN.OMW( 511, uvL (511, 0MWE1511, VMIN, VMAX, DFLV.

x NwA. !4A0[25! ,uuNGl, U&NG&, DU&NG, NW1,.D120) ,’4LL151,
CnM@!”kl/ MIVD / lfi.NS,OX1, V,W& Nm,0MEG4. wAvEN, CW, D1X,21,5, ,FAC. WA
rOMMnN / 5TDT / SPECM(10,51 ),R5D(E,1O,25I
cflMIAnN / PROGRAM / STORAGE [4q1, SPF(25), Y(25). SPS(8,1O,5 )
“,M,,lSTfiN STP(.,
D;TA sfi /-. Hi04114E, bH-SORU, ,6ti ,6H /

c-o)

Q4!Ah,F , DUANG” PT,180. O

blA . NWb

hlHb G = 1
TV ( WANG1. FO. 0,0 ) NHDc, . kA
KL=l
rF ( 7E.GT.1 1 KL=3
,11). s
IF ( IE. LT, I 1 JU=2

CA LC,ILATE UOVE 5PQEAD1NG FUNCTI”N
nO ?0 1=1, hlA
IF 1 lF. G7.1 ) Go To 5

C-III C05T.lP-? OUb WEU <DREADING
& .PF ,7, . CO S(-PI/Z .O. RWANG. (X.11 1.*2

lF=,
00 To Zn

r-01 FUTU17E SPREb U1hl”
5Go Tn.

20 rONTINUF
$PFI = SINT(l, NA, SPF, RWANQ1

c

25

C-92

C-03

C-04

C-04
30

3?

40

50

7ER0 $RS ARRfiY
>0 25 I.l. B
?0 25 J.1,1O
20 2S L-1,5
9RS[7. J,L) E 0.0

LOOP OVER PREDOMINANT WflVE MEADTNO ANQLEs
00 RO NH.l, NHDQ
U14DG . WA NO T* DWANG* (NH-1)
IF 1 MHDG. EQ.1 J !4HDQ = lUO. O

LOOP OVKR !41ND SPEED
DO (,0 K’=l,NW1

~OtitiOVER RESPONSES
DO 5“ J= RL, JU
JJ=J
TF [ JJ. EQ.6 1 GO TO 50

INTERQ.OTION LOOP OVER WAVE ANGLE
I)(J60 NW=l, NA
TF ( NHI)w.GT.1 ) 00 TO 32
NWH . NW
GO Tn bO
NWti . NW+ NH-( NA+ll I?
IF [ NwH. GT. Nf4 ) Nwn = 2* Nh. NUH
IF ( NWM, LT.1 ) NWH = 2-NUH
Y(NW) = PSDIJJ, K, NHH)*SPF(NW1
5Ps IJJ. K,l) = S7NT(19N4. Y, RWANG)/5PFI
IF 1 NHDG. EQ.1 ) SRS(Jd, K,ll . 2. O* SRSt JJ+K, ll
SRS(.,J, K,F1 = SORT(SRSIJJ, <,!))
SRS(JJ?K,3] . SRS[JJ. KV2)*1.2S
SP5(JJ. K.41 = SQS(Jdv K.2)*Z. Q
5R$[JJVK .51 = SR5(JJ. K,2)*2. S5
IF [ JJ. NE.2 ) GO TO 50
dJ=6
GO Tfl 30

CO NT TNUF
60 CONTINUE

c-us PRINT OUT RESULTS AT EACH PREDOMINANT HEhDING
PRINT 920, HDA, nTA, DTB
PRlhlT 9%1. V, WHDG, STP[l F*Z-11 ,STP(IF*2)
DRINT 924
no 70 K.l, hlwl
PRINT 925. K,(STSIL 1,( SRSIJ, K, L1, J=l P8), L*l .51

9?0 FORM6T ( lH1. 13Ab, A2. 3X, A1o, A2]
921 FORMAT 1 9Ho SPEED . , Fs .4, 6X, 28 HPREoOM1NANT HEADIN

XG ANGLE . , F7.2, d9H DE G., SHORT-CRESTED SEAS ( , 2A6. Z6H SPRE
XADItJG1 RESPONSE STAT. /)

926 F17RMAT ( 11X, 22 HsPECTRA NO. STAT IS~I: ; :x, 91 HHEAVE
X PTT, H sw!4YYhw VE3T. B.M, LflT.P.M
Y.. ““TO RSNL, M. /)

925 FORMAT 1 120, 7x, fi6v 0E12.3 / 4( 27X, A6s 8E12.3/ ) /)
FNO
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well as a description of the overall program structure, The input
data requirements and format are specified. Sample input and out-
put are shown. The Appendices include a description of the FORTRAN
program organization, together with flowcharts and a complete cross-
-referencedlisting of the source language.
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