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NOMENCLATURE

added mass coefficient
damping coefficient
restoring coefficient
lift curve slope

Theodorsin's function

excitation force or moment on a single foil element
exciting force or moment of hydrofoil system

moment of ineirtia

product of inertia

wave number

total 1ift on foil element
moment on foil element
ship speed

normal velocity on foil element
orbital wave velocity normal to foil element
VCG in body system

foil element's midpoint in body frame

motion amplitude

span of foil element
chord of foil element
gravitational acceleration
depth of foil element
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NOMENCLATURE (continued)

lift on foil of infinitesimal span
reduced frequency
mass

generalized mass

unit vector normal to foil element's midpoint

position vector in body fram
time variable

velocity in body system
velocity in inertial system
body coordinate system
inertial coordinate system
dihedral angle of foil element
angular rotational velocity
phase lag

wave amplitude

motion displacement
wavelength

heading angle

water density

wave frequency

wave encounter frequency
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ABSTRACT

A description of a motion prediction computer program for a hullborne hydro-

foil is presented. This program computes the six-degree-of-freedom
(6DOF) hydrofoil craft motions for a craft advancing at a constant
forward speed, less than the critical "lift-off" speed, with arbitrary
heading in reqular waves. The structure of the program consists essen-
tially of the already existing "DTNSRDC Ship-Motion and Sea-Load Computer
Program" modified to incorporate the foil and strut system of a hydro-
foil craft. Presented in this report is a brief discussion of the
mathematical model, input information pertaining to the hydrofoil and
a discussion of the results. The Appendicies present a listing of the
foil coefficients, data card format description for the original proaram,

and a program listing.

ADMINISTRATIVE INFORMATION

This project was funded by the High Performance Vehicle Hydromechanics
Proqram of the Ship Performance Department, David W. Taylor Naval Ship

Research and Development Center, under Work Unit Number 1-1507-200.




INTRODUCTION

A description of the "DTNSRDC Hullborne Hydrofoil Motion Prediction
Computer Program" is presented in this report. It predicts the motions
for a hullborne hydrofoil craft in six-degrees-of-freedom (6D0F) advancing
at a constant forward speed in the displacement mode with foils extended,
at an arbitrary heading in unidirectional regular waves. The program is
an adaptation of the already existing "DTNSRDC Ship-Motion and Sea-lLoad
Computer Program", based on the theory by Salvesen, Tuck, and Faltinsen]*
which was developed for the prediction of the motions and dynamic loads
of conventional displacement type hulls and is utilized for planing hulls
in the displacement mode as well. The program modifications consist basic-
ally of the insertion of the equations of motion for the foil and strut
system of a hydrofoil vessel. The linearized hydrofoil terms, derived by
the incorporation of Theodorsen's unsteadiness effects into a three dimen-

sional quasi-steady formulation are superimposed on the already computed

hull excitation forces, added mass, damping and restoring terms. This tech-

nique has been successfully used by R. T. Schmitke who developed two computer

programs which determine the motions of a huliborne hydrofoil in single
headings; one in head seas2 and the second in beam seas.
The hull related input information for the modified program remains
identical to the original program, "DTNSRDC Ship-Motion and Sea-Load Com-
3

puter Program"”. The remaining required input all pertains to the strut-

foil system.

*References are listed on page 21.
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The modified program  output presents, as in the original program
for ship-motions, the amplitudes and phases in surge, sway, heave, roll,
pitch and yaw for a given set of wave frequencies and a specified set
of forward ship speeds and headings. Optionally, one can obtain the
two sets of coupled differential equations of motion in matrix form;
one for surge, heave, and pitch and the other for sway, roll and yaw.
Each set is given for the hull portion, the foil-strut portion, the
combination of the two, and the final inverted matrix with the solutions.

Both sets are for the minimum specified frequency.

MATHEMATICAL MODEL
BASIC ASSUMPTIONS AND LIMITATIONS
The analytical mcdel for determining the motions of a hullborne hydro-
foil craft is derived by adding linearized hydrofoil terms to the strip
theory obtained hull terms. The major assumptions and limitations are:
(1) the craft is traveling in a straight line at a constant
forward speed and arbitrary heading in unidirectional
regular waves
(2) the craft responds 1inearly and harmonically to regular
wave excitation
(3) wave excitation amplitudes are small with correspondingly
small craft displacement amplitudes from equilibrium
(4) all viscous effects are negligible except for the hull

portion of the craft in roll
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(5) both the craft's beam and draft are much smaller than
its length

(6) the craft is laterally symmetrical

(7) dynamic 1ift attributable to the hull's planing surfaces
is insignificant

(8) interaction between the hull and hydrofoil system is
negligible as is the interaction between the foil elements

(9) the hydrofoil system's contribution to craft surging is
neqligible

(10) the foil system is divisible into a set of rectanqular foil

elements.

EQUATIONS OF MOTION

The conventions used in the hullborne hydrofoil craft motion program are
the same as the "DTNSRDC  Ship-Motion and Sea-Load Computer Program".
The following will briefly restate the definitions used.3 As shown in
Figure 1, the vessel oriented,right-handed coordinate system is defined
to have its origin in the plane of the undisturbed free water surface.
The positive z axis is vertically upward passing through the craft's
center of gravity, and the positive x axis passes through the craft's

stern. The vessel is considered to be traveling at a constant forward
speed (the negative x direction) with arbitrary heading in reqular

sinusoidal waves. The heading angle u is defined to be O degrees for
following waves and 180 degrees for head waves as illustrated in Figure 2.

Encounter frequency wg to which the vessel will respond is




R

w =w-£—l—1 cos u (m

Where U is the forward speed of the ship, circular wave frequency

w=vY2ng/x, g is the gravitational acceleration, and 1 is the wavelength.
With the assumption that the motions are linear and harmonic, the
motion displacements are

ny = 3 cos(wet - cj); ji=1, ...,6 (2)

where aj is the amplitude and €5 is the phase lag of the motion with
respect to the maximum wave elevation above the origin. The subscripts
J = 1...6, refer respectively to the translatory displacements of surge,
sway, and heave and the angular displacements of roll, pitch, and yaw.
Following from the above assumptions, the six linear coupled differential
equations of motion can be written in complex form as:

6 - ot

kzl [("Sk + Ajk) m * Bjk”k + Cjk”k] = Fje'1“b; i=1,...6 (3)
where "5k are the components of the craft's generalized mass matrix, Ajk
are the added-mass coefficients, Bjk and Cjk are the complex damping
and restoring coefficients and Fj are the complex amplitudes of the
exciting forces and moments.

For a hullborne hydrofoil craft as well as for a conventional dis-

placement hull the six coupled equations of motion can be separated into
two sets of equations. With the exclusion of hydrostatic restoring

coefficients that are equal to zero for both the hull and foil system,

e et Pt — - .
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the first set of three coupled equations of motion in surge, heave,

and pitch are

Surge  (Ajy + m) ny + Bygny * Apgng + Bygng + Ajgng + Bygng

_ ‘ihl t
= F]e e
Heave A3]“] + 831[]] + (A33 +Mm )n3 + 833ﬂ3 + C33ﬂ3 + A35ﬂ5
. it
+ Bygng * Cygng = Fae e
Pitch Agyny + Bgyng + Aggng + Beang + Coang + (Agg + Ig)ug
. - _i(ﬂ t
* Bygug + Cogng = Fge e
and the second set of equations are
: L . _ . ,
Way  (Ryp #m) ny + Byony + (Ryg =g Ing + B, yiy + Copny
- . _ e iw t
*Rogng * Bygng * Cogng = Fpe e
. - , . ,
o1l (Rgp =mlg)ny +Byony* (Agy + Tydny + (B, + BE,)n,
_ a . _ -jw t
+ Cagng * (Ayg = Tygdng + Bygne + Cpeng = Fpe'e
Yaw  Agomy * Bgong + (dgy - Tyedng + Bgyny + Coyny
N . - siw t
+ (Rgg * lglng + Bgeng + Coene = Fee'e
6
“ e rTise
iR

I T

(4)

(7)

(8)

el




where m is the vessel's mass, ZG is the location of the vertical center

of gravity on the z axis, Ij is the moment of inertia in the jth mode,

and Ijk js the product of inertia. 834 in the roll equation is the
nonlinear viscous damping attributable to the hull. It is in the form

of a quasi-linear function in terms of Wy viscosity, hull geometry, and

the maximum roll amplitude for a given wave slope, speed V, and heading yu.
The second set of equations in sway, roll, and yaw may have to be solved

a number of times until the difference between the maximum estimated roll
angle and the computed maximum roll angle is within an acceptable tolerence.
In the program the allowed tolerance is one degree.

With the assumed insignificance of the hull and foil system interaction,

the hull and foil system contribution to the added mass, damping and restoring

coefficients and the forcing functions are simply additive. For example

the added mass coefficients Ajk can be expressed as

i ik + Ajk (10)

where Ajg is the hull added mass and Aji is the frequency independent
foil system added mass.

The derivation of the hull added mass, damping and hydrostatic restoring
coeffficients and the exciting forces and moments used in the "DTNSRDC
Ship-Motion and Sea-Load Computer Program" are presented as three-dimensional
hydrodynamic quantities in Reference 1. Based on strip theory, these
quantities are in turn expressed in terms of the solution tc the sectional
two-dimensional problem of each cylinder oscillating in the free surface.

The sectional two-dimensional problem is solved by a close-fit source-

distribution method presented in Reference 4.

£\




HYDROFOIL COEFFICIENTS

The foil coefficients for nonzero forward speed are derived from
Theodorsen's solution of the two-dimensional thin aerofoil oscillating
in an incompressible fluid in pitch and heave with the inclusion of
finite span and free-surface correction factors (see Reference 5). This
method was used successfully by Schmitke in Reference 2 in predicting
both the pitch and heave motions of a hullborne hydrofoil vessel in head
seas in one case and the motions of roll, sway, and yaw in beam seas in

the second case.

Utilizing Theodorsen's solution, consider first the submerged foil

system of a hydrofoil craft as being comprised of individual foil elements.

Each element is considered as a plane rectangle with no interaction
between the elements. The 1ift force acting on a single foil element at

its midpoint (point of intersection of the mid-chord and mid-span) is

NC Ab (11)

- 2.5
ENC = x-(c/2)° b 1,2 (12)
IC = 0.5plbc C, C(k) VN3/4 (13)

with ¢ as the chord of the foil element
b as the span of the foil element
U as the forward craft speed
CLa as the 1ift curve slope

VN]/Z is the time derivative of the normal velocity component at the
foil element's midpoint

AR -




Vh3/4 is the downwash at the 3/4 chord
- is the noncirculatory lift force or added mass term
NC
EC is the circulatory 1ift force consisting of dynamic angle-
of-attack terms, modified by Theodorsen's function which
accounts for circulation delay
c(k) is Theodorsen's function in terms of the reduced frequency
k = mec/ZU given as
Ji(d, + Y )+ Y (Y, -3 ) - i (Y)Y +J.0)
C(k) = 11 0 1'1 0 10 10 (14)
2 2
(Jy * Yo) + Yy - Jo)

Jm and Ym are Bessel functions of the first and second kind and m'th

norml to the vcil element VN need be considered. With n as the unit

vector normal to the foil element and Go as the velocity of the element

VN = (v0 *n)n (15)
In a rotating coordinate system,
V=V (2xr) (16)
B where v is the velocity of the body coordinate's origin

o1

is the angular rotational velocity of the moving system

P is the position vector of the foil element's midpoint X, Y, Z.

For small angles in pitch ng and yaw ng

A
S

V= -Ui o+ (:nz + Une)J' + (d3 - Uns)k (17)

»
iy
{35
ha
-t
£
¥
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order. Due to the assumed neqligible viscous forces, only the velecity
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Substituting (17) into (16) and evaluating the cross-product term one

ubtains

Vo = 1 (Zn5 - Yn6 - U)

+ 3 (ﬂ2 + an = Zn4 + Un6)
+ K (63 + Yﬁa - Xﬁs - Un;) (18)

Upon substitution into equation (15)
Ty =3 [y + Xig - Zny + Ung) sin’s
-(63 + Y64 - X&S - Ung) sinr cosr ]
+k [-(r}2 + xﬁs - 264 + Ung) sinr cosr

+(V.’!3 + YY.\4 - Xf.ls - U'ls) Coszr (19

where T is the dihedral angle of the foil element and 1, J, k are

unit vectors in the moving system's, x, y, z coordinate axes.

The derivative of VN with respect to time neglecting nonlinear terms

and cross terms gives

‘:‘ - . . . . . 2
Vy =3 [lny + Xng - Zny + Un6) sin‘r

(ng * Yng - xgs - uas) sinr cosT ]
+ k [-(;2 + XBG - ZH4 + Uﬁ6) sinT cosT

+(ny + Yn, - xﬁs - Uﬁs) coser ] @0 )

10




Substiticing VN and VN into equations (11) thru (13), one obtains the
three 1ift components in the translational displacements of surge, sway,

and heave as:

Surge L, =0 (21)
. 2 .
Sway Ly = A(C]SID I - Cysinr cosT)
+ B(C?sinzr - C4sinr cosT)
- 3L C(k) sinF [y + Yn, - (X - S n]  (22)
3h 3 4 4" "s
. 2
Heave L, = A(C]s1nr cosl - C2 cosT)
+ B(C3sinr cost + C, coszr )
al - c
+ 52 C(k) cost [ng + ¥Yny =~ (X -7 )ng 3 (23
2
where A = 0.25 xpcb
B = O.SOVchCL C(k)
3

Cy = np * Xng - Iny * Ung
Cy = gt ¥ny - Xng - Ung
- . S . - .
C3 = 02 + (X + 4) ﬂ6 Zn4 + Uns

Sy oy :
Cy= ngt¥ny- (X+7) ng - Ung

The third terms in the sway and heave equations (22 and 23) comprise a
correction tJ the foil element's normal force; a modification due to the

finite depth h.

The general moment equation, M, for the three angular displacements is

R=(Lxv)+f (24)

1
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where the first term is the moment due to the lift force and the second
term is the pure couple about the rotational axis passing through the
foil's midpoint. The moments in roll, pitch and vaw

can be expressed as follows with reference to equations (22) thru (24):

Roll M =LZ-LY+M
s y 2 : (25)
Pitch M0 = LZX + Me (26)
Yaw M o=L X+ M (27)
T'/ .Y !,"

The terms M; ,

M. . and M are comprised of hydrodynamic moments

¥
of interia and damping,
M' = b2 (An + Bﬁl
¢ T Yy : (28)
Moo= L cos?r (S n, : (29)
8 ] g 5t Ung )
, .. .
M= LA sinr(§ e T Vi) (30)

With foil symmetry about the xz-plane as a requirement, one can greatly
simplify the foil portion of the coefficients whereby the six coupled
equations of motion again are separable into two sets of coupled
equations,i.e. (1) surge, heave, and pitch and (2) sway, roll, and yaw.
The foil contribution to the coefficients of the two sets of coupled,

second order differential equations (4) thru (6) and (7) thru (9) can

12
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now be determined from Lx' Ly, Lz’ M¢, M0

foil coefficients a summation of all the rectanqular foil element

, and Mw. In calculating the

contributions on one side of the xz-plane is made and doubled due to
symmetry. Te¢ this is added the contribution of the foil elements that
lie in the xz-plane. Appendix A gives the foil coefficients for the
symmetrical foil elements. The foil coefficients for the special case
of an element lying in the xz-plane are approximated by taking half the

values obtained in Appendix A.

Excitation Forces and Moments on the Hydrofoil

Consider now the wave excitation forces and moments acting on a
hydrofoil element. For a foil element with an infinitesimal span, the

1ift act*ng through its midpoint located at @ distance r from the orgin is

—
1l

noct (L9 (KD = 19, (K)T C(k) + g 9, (k)
F 3,60 (31)

where

K nc cosu/x ; u is heading angle

1
K2 = mZ/g the wave number, and

the term in parenthesis is Sear's function. wo is the orbital wave

velocity component normal to the foil given by the expression

W, = irgdcosr + i sinr sinu) exp {KZ[Z - i (X cosu + Y sinu)]

+ ih)et} (32)

with 7,3s the wave amp1itude.

13
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Integration of 1 over the span with respect to the distance r gives

the total excitation 1ift force, L, on the foil element at its midpoint

L = ﬂ.xCU\-}] {[JO(K])

where

LB

and

a

JZ(K])]!

- 19, (k)] C(k) + i 0.5k [JO(K]) +

- i [ sinh (%9)] [cosr + i sinr siny ]

exp {KZ[Z - i (X cosuw + Y sinu )]+ imet}

= Kz(sin“ - 1 sinu cosl )

The excitation forces for the three translational displacements

can now be determined

Surge Fi
Sway Fé
Heave F3

- L sinr

L cosT

The moment excitation in roll is expressed by the equation

= Jf&rdr + FlY - F'Z
3 2

where the integral is again over the foil element's span. With the

appropriate integration

Ro11

4
+1 0.5k [ (K;) + 9,(K)]

+FY - P

14

Fy = mcluy 109, (K)) - 39, (K

D (k)

A%,

e




QEa . has

where
Moo jhe [2 ab
) = ihw [a cosh 2)

sinh (ig)]

QJ'JI\)

[cosT + i sinl sinu] exp'(KZ[Z - i (X cosu

+Y sinp ) ]+ iwet}

The two excitation moments in pitch and yaw are respectively ‘

Fg = (XL + MC/Z) cosT (39)

-n
o
!

= (XL + Mc/2) sinf (40)

where Mc/Z’ the moment about mid-chord, is given as

]}

M 0.25 ncCZUw]{JO(K])C(k)

c/2

+

i, (K)) [ - C(k)] - 0.25k [J](K])

L

(KT + 3, (K )
Since the excitation forces in sway, roll and yaw in head and following
#aves are negligible FJ), F&, and Fé are equated to zero in the comther
program for headings within 8 degrees of u = 180 or 0 degrees.

The summation of the excitation forces and moments on each foil element
F3 results in the total excitation forces and momets on the hydrofoil system
Fje'i“eF For computational purposes, a second set of forcing functions was

generated to be used on foil elements that are symmetrical about the xz-plane.

e ——




COMPUTER PROGRAM

Based on the foregoing mathematical model, a program was developed
to compute the hullborne motions of a hydrofoil craft in regular waves
of arbitrary heading. The program is essentially a modification of the
already existing DTNSRDC Ship-Motion Computer Program. In itself the
existing program can determine the hydrofoil craft's motions in the
foil up mode in 6DOF in regular unidirectional waves of any heading.
The modification consists of adding the foil system's coefficients of

motion and its excitation forces and moments to the corresponding terms

for the hull. As a consequence three card sets listed below and pertain-

ing to the foil system of the hullborne hydrofoil craft are added onto
the existing 34 data card sets, which are listed in Appendix B.
A. Input Description
Data Card Set 35 - one card with format (214)

IFOIL: 2 for hydrofoil craft in the foils down mode. Al]l
other integer values are for retracted foil systems where only the hull
is subjected to hydrodynamics forces

IPRINT: option of printing the matrix equations of motion.
With IPRINT = O printing of matricies is suppressed and for IPRINT = 1
printing of matricies takes piace

Data Card Set 36 - One card with format (15,3F12.2)

NF: total number of foil elements on the starboard side of
the hydrofoil craft. This total consists of the elements in symmetry
about the xz-plane plus the elements lying in the xz-plane

FVOL: is the displaced volume of the entire foil system

(including the portion of the struts that are immersed). The units

16
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is WORD**3, (see Data Card Set 4 of Reference 3 or Apnendix C)
FXCB: the foil system's lonaitudinal center of buoyancy, LCB, with
respect to the entire craft's LCB, i.e. the x value in the body
coordinate system in units of WORD.
FZCB: the foil system's vertical center of buoyancy. VCB, i.e. the z
value in the body coordinate system in units of WORD.
Data Card Set 37 - one card per foil element with format

(F3.0, 5F7.2, F5.0, F10.7, F5.1, F8.3)

CPL: If the plane foil elewr~nt lies in the center plane, i.e.

the xz-plane,

CPL = 1.. In all other cases,

CPL = 2. due to the required symmetry of these elements
about the center plane.

SPAN: the length of the rectangular foil element taken in a
line parallel to the yz-plane in units of WORD,

CHORD: the width of the rectangular foil element taken in a

1ine parallel to the xz-plane in units of WORD.

S: x coordinate of the foil element's midpoint in units

of WORD

YF: y coordinate of the foil element's midpoint in units of
worlp

ZF: 2z coordinate of the foil element's midpoint in units of
WORD

DGAMMA: is the dihedral angle, i.e. the angle between the
starboard plane foil element and the horizontal xy-plane in degrees,

see Figure 3




CLZ: 1is the vertical 1ift slope of the foil element in
dimensionless units

ASP: 1is a positive number utilized in the aspect ratio
correction factor AR/(AR + ASP) for foil elements of finite span.
For the example cited AR = 0.

Provided that the hydrofoil system can be represented by a set of
rectangular foil elements symmetrical about the center plane, each foil
element fits into one of three categories as:

1. The most commonly encountered foil element not lying in the
center plane counts as one element with CPL = 2.

2. The special case of a foil element lying in the center plane
counts as one element with CPL = 1, and a dihedral angle of 90 degrees.

3. The special case of a foil element with a dihedral anqle of
0 degrees intersecting the center plane is considered as just that portion
of the foil lying on the starboard side from the center plane. The
span is then just the distance from the center plane to the foil tip, and
the midpoint YF = SPAN/2, and CPL = 2.

The 1isting of the Hullborne Hydrofoil Six-Degree of Freedom Motion
Computer Program is given in Appendix C. The original program's organ-
jzation consisted of a main program and a series of thirty subprograms.
These routines are divided into four overlays and all are written in
FORTRAN IV. Currently, the program is used on DTNSRDC's CDC 6700 computer
system. Updated is the main program HANSEL in the main overlay, and the
subroutines PRGM] in the first overlay, and SPRG5 in the third overlay,
see Reference 3. To this is added the subroutine FOIL which computes the

foil coefficients of motion and the excitation forces and moments and three

18




additional subroutines THEQ, EXCIT, and IBESJ which are required for calcu-
lations in FOIL. The final organization of the Hullborne Hydrofoil Six-
Degree of Freedom Computer Program is presented in Figure 4.
COMPARISON OF PREDICTED AND EXPERIMENTAL REéULTS

The experimental results chosen for comparison with predicted results
were the hullborne motion measurements of a model of the 313-ton Plainview AG(EH)-1
hydrofoil craft as presented in Reference 6. The experiments were conducted
on a 1:12 scale model in DTNSRDC's Harold E. Saunders Seakeeping and Maneuvering
Facility. The model was run in both the foils up and foils down modes in
unidirectional regular waves. The full scale velocities were 6 and 12 knots
at the three headings of head (180°), bow (150°), and beam waves (90°). The
reqular waves were of a constant wave steepness 1/60 and wave iengths ranged
from »/L = 0.25 to »/L = 3.0, corresponding to wave frequencies of . = 0.57
to 1.98 rad/sec.

The Hullborne Hydrofoil Six-Degree of Freedom Motion Program was likewise
run in both the foils up and foils down modes at the three headings of 1800,
1500, and 9n°. The predicted motions generally agreed well with the experi-
mental results as shown in Figures 5 through 11, which show the craft's transfer
function versus wave encounter frequency together with the phase lag with respect
to the maximum height of the wave at the CG. At the headings of 90 and 150
degrees, both the theoretical and experimental results show that the immersion
of the foils significantly reduces the craft's motion in roll. The foil system's
effects in reducing pitch and heave are much less pronounced.

Some of the minor discrepancies, especially in roll, between the predicted
and experimental results are likely attributable to differences in the roll
ayradii of the physical and simulation models since they were not aiven for the

model for either the foil up or the foil down mode. A less sianificant source
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for error may also be inaccuracies in the estimation of the foil system's
displacement and center of buoyancy.
CONCLUDING REMARKS

The motions predicted for the AG(EH)-1 hydrofoil craft in the hullborne
condition using the DTNSRDC Hullborne Hydrofoil 6DOF Computer Progqram aaree
satisfactorily with the available experimental data, namely for the headina
anqles of 90, 150, and 180 dearees.

Additional comparisons directed toward verification of the DTNSRDC
Hullborne Hydrofoil 6-D Motion Computer Program should be made as more
experimental results are made available. The program in its present state
cannot be used to predict motions at zero craft speed and in conditions

of negative encounter frequencies.
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APPENDIX A
LISTING OF HYDROFOIL COEFFICIENTS
The hydrofoil portion of the added mass, damping, and restoring
coefficients of the two sets of three simultaneous differential equations
of motions in (1) surge, heave, and pitch and in (2) sway, roll, and yaw
are listed below for retangular foil elements in symmetry about the xz-plane.
For the special case of a foil element lying in the xz-plane, half of the

magnitudes given below give a good approximation. The coefficients are in:

R e T
Surge: A]j = B]j C]j 0;3=1,3,5
. Fo_ oF - oF .
Heave: A31 831 C31 0

F 2 2
A33 = %ﬁ pZ bcTcosT

F_ 2

833 = ol ¢ bcCLaC(k)cos T

CF

33 = 2t 3LC(k)cos T

ah

AF = - 1mnpl chXcoszr

35 i
825 = - % noUZbCZXCOSZF

- aUzbeC, C(k)(X + $)cos?r
Fo_ _2 2
635 = -pl zbcCLuC(k)cos r
C
+223L§(k)(x-z)cosr
ah
33
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. F
Sway: A22

Ro11: A

l_npzbczsinzr
2

2

pUzbcC, C(k)sin“r

Lo

- l_npzbczsinr(Zsinr + YcosT)
2

-pUzbeC, C(k)sinr(Zsinr + Ycosr)

Lo

ol .
-2t °h C(k) Ysinr

1 mpL bCZXSinZI‘

2

1 mpUzbcZsin’r
2

2
pUXbcCL C(k)(X +c)sin™ T
¢ 4

2 . 2.,
ol zbcCLaC(k)s1n 1

- _ppzbczsinr(Zsinr + Y cosT)

1
2

- pUzbeC, C(k)sinr(Zsinr + YcosT)

Lo

1 npzb3c2 + 1 npzbcz(Zsinr + Ycosr)2
24 2
1pU 2C, C(K) b + pUsbeCy C(K) (Zsinr + Ycosr)?
12 °‘
oL C(K)Y(Ycosr + Zsinr)
3h
-1 rprCZXsinr(Zsinr + YcosT)
2

- l_npUZbczsinr(Zsinr + YcosT)
z

- oUzbcCy CIK)(X + £)sinr(Xsinr + Veosr)
- pUZZbCCLuC(k)Sinl‘(ZSinI‘ + YcosT)




Pitch:

55

55

(ad

55
Yaw: 62
62
64
64
64
66

66

4
, Cog

The Tift slope

= - l_anbCZXCOSZF
2

c 2
71- )COS T

C(k)(X—%)cosr

= -pUZbcCLuC(k)(X -

= - 250k
ZZBh

2,2

4 anbC4COSZF + % mpIbc™X coszr

j— O}~

noUEbCZXCOSZF + %

X + %)(X - %)coszr

npUXbc3coszr

[A)

+ oUzbchaC(k)(

2

= oU%sbeC z

C(k)(x - %Jcos r

Lo

(k)(X + %)(x - %)cosr

2Xsin2P

= % npLhe

- %OSinZF

oUZbCCLaC(k)(X

npbeZXsinr(ZsinP + YcosT)

-

2

-

- onbcCLaC(k)(X 4)sinr(Zsinr + Ycosr)

L
- 2257;

%Empzbc4sin2

ci{k)(X - %)Ysinr

2Xzsinzr

"

1
r + -2- npIbc

= %ﬂpUZbCZXsin L+ pUzbeC, C(K)(s +

3sin2r

2 2

- Ysincr

s - 3

+

8
2 ( Cros: 2
ol ZbcCLaC\k)(X - E)S1n r

mpUZbe

curve, CLa’ is taken in the program as equal to 2n
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APPENDIX B

DATA CARD FORMAT DESCRIPTION OF NSRDC SHIP-MOTiON COMPUTER
PROGRAM AS PERTAINING TO THE HULLBORNE HYDROFOIL CRAFT MOTION COMPUTER
PROGRAM (Data Card Sets 1 - 34)

for a particular hullborne hydrofoil craft the input on punched cards
consists of 37 Data Card Sets. A description of the initial 34 non-hydro-
foil related Data Card Sets (see Reference 2) is given below. Deleted are
those sets that deal with the Sea-Load portion of the original Computer
Program. The exact number of Data Card Sets as well as the number of cards
in each set will vary according to the requirements of a particular problem.
The final Data Card Sets 35, 35, and 37 which relate to the hydrofoil system

are described in the text.

Data Card Set 1, one card, FORMAT (3A10).

This card contains three alphanumeric variables used to identify the output.
(1) NAMEI, columns 1 - 10, identifies the user’s name.

(2) NAME2, columns 11 - 20, identifies the user’s code,

(3) NAME3, columns 21 - 30, identifies the user’s telephone extension.

Data Card Set 2. one card, FORMAT (5X, A4, 7X, A3, 8X, A3).

This card contains three alphanunieric variables used as controls for a number of options. The
spelling of the values of the variables is tested in the program against defined names. Hence care should
be excreised in using the correct spelling.

(1) IPASS, columns 6 - 9, is a control for reading in Data Card Scts 3 - 34. The options arc,

IPASS = GOGO, read-in sets 3 - 34,
IPASS = STOP, program stops.
IPASS undefined, GOGO assumed (default).
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(2) OTAPE, columns 17 - 19, is a control for positioning the output tape. Results are stored on an
output tape as well as printed out. The options are:
OTAPE = NEW, no tape positioning, new tape.
OTAPE = OLD, output tape automatically positioned past previous results.
OTAPE pndcfined, NEW assumed (defauit).
(3) PRNTOP, columns 28 - 30, is a printout option.
PRNTOP = MAX, maximum printing.
PRNTOP = MIN, printing of results suppressed, only data cards listed.
PRNTOP undefined, MAX assumed (default). 4

NOTE - Data Card Set 2 provides a method for including data for more than one ship at a time. This set
should be placed before and after the cards for each ship (Data Card Sets 3 - 34). After the data
for the last ship use IPASS = STOP,

Data Card Set 3, one card, FORMAT (12A6).
This card contains alphanumeric information identifying the project, ship, calculations, etc.

TITO (array), columns 1 - 72.

Data Card Set 4, one card, FORMAT (2A6, AS8)

This card contains three alphanumeric variables,

(1) WORD, columns 1 - 6, identifies the input length unit used. A unit commonly used is FEET. All
dimensional variables input to the program must be in units consistent with this length unit.

(2) WORD?2, columns 7 - 12, identifies the force unit, if WORD = FEET then WORD2 = TONS.

(3) WORD3, columns 13 - 20, identifies the moment unit. If WORD = FEET then WORD3 = FT-
TONS. )
WORD, WORD?2, and WORD3 are printed out with the dimensional part of the output to identify the

dimensional units.

Data Card Set S, one card, FORMAT (416)
This card contains four integer variables.
(1) NUT < 8, column 6, is the number of offset points used to describe each station, All stations

must have the same number of offscts. [t is recommended that 8 offset points be used.
(2) NST <27, columns 11 - 12, is the number of stations used to longitudinally subdivide the

ship.
(3) NMAS = NST, columns 17 - 18, is the number of mass points. If IT £0 (see the next integer

description) then punch a one in column 18. ,
(4) IT. column 24, is a control for reading in Data Card Set 9 or Data Card Sets 10 - 14.
IT = 0, read in the mass and mass-distribution data for each station, contained in Data Card

Sets 10 - 14. This option must be used when load calculations are desired.
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IT #0, read in the mass and mass-distribution data for the ship as a whole, contained on Data

Card Set 9. This option is used when only motion calculations are desired.

Data Card Set 6, from one to four cards. FORMAT (8F10.4)
This card set contains the NST station numbers, ST1(1), used to longitudinally subdivide the ship.
The stations are input in the order they occur along the ship starting with the first station at the extreme
forward point of the ship. For example, 0.0,0.25, 1.0, + + -, 19.75, 20.0. See Appendix B.1 for
recommended station numbering.
ST1 (array), columns 1 - 10, 11 - 20, *+ * <, 71 - 80/repeat for up to four cards, eight numbers per

card.

Data Card Set 7, one card, FORMAT (2F10.4)

This card contains the following two floating point nurabers:

(1) ELL, columns 1 - 10, is the length between perpendiculars, lbp' in WORD units.
(2) BEAM, columns 1! - 20, is the beam at midships in WORD units.

Data Card Set 8, two cards for each of NST-2 statlons, a total of 2 + (NST-Z) cards, FORMAT (8F10.4)

This card set contains the y and z coordinates of the offset points for each of NST-2 stations
(see Figures 4 and 5). The foremost and aftermost stations have no offsets and are not specified in this
data card set. Appendix B.2 provides information on allowable section shapes and contour specifications.

(1) Y (array), first card, columns 1 - 10,11 - 20, * « <, 71 - 80, contains the NUT y coordinates of
the offset points for Section 1°.in WORD units. The y coordinates (positive) are given proceeding clock-
wise around the station contour, with the first y value at the intersection of ths waterline and the station
contour, and the last y value at the intersection of the centerline and the station contour. For fully sub-
merged sections the first y value is zero,

(2) Z (array), second card, columns 1 - 10, 11 - 20,- - -, 71 - 80, contains the NUT 2 coordinates
(negative) of the offset points for Section I in WORD units. The z coordinates are given in the same
manner as the y coordinates. For fully submerged sections the first z value is at the intersection of the

station contour nearest the free surface and the centerline.

Data Card Set 9, one card, FORMAT (F10.4, 4F10.6, F10.4)

This card set is included when motions only are desired. In this case, IT £0 (see Data Card Set 5).
This card set contains six floating point numbers.

(1) TMASS, columns 1 - 10, is the total mass of the ship in units consistent with the WORD length
unit. For example, if FEET is the length unit, the mass unit would be TONS - SECONDSleEET.

L ]
Note that station number STI{I1+1) is associated with Section I,
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(2) El44, columns 11 - 20, is the square of the roll radius of gyration divided by the length between
perpendiculars, (Kc«,/%,)-2

(3) EI5S, columns 21 - 30, is the square of the pitch radius of gyration divided by the length be-
tween perpendiculars, (K ﬂﬂp p).2

(4) EI66, columns 31 - 40, is the square of the yaw radius of gyration divided by the length between
perpendiculars, (KVLDP).Z Usually EI66 is set equal to EISS5.

(5) E146, columns 41 - 50, is the mass product of inertia about the x and z axes divided by TMASS
- ELL.2 El46is very close to zero for most ships and in fact equal to zero for ship with fore and aft
symmetry.

(6) ZG, columns 51 - 60, is the z coordinate of the center of gravity, CG, of the ship referenced to
the waterline in WORD units (positive for CG above the waterline).

The next five Data Card Sets, 10 through {4, are included when load calculations are desired. In
this case, IT = 0 (Data Card Set 5) and Data Card Set 9 is not required.

Data Card Sets 10-14 Delete

Data Card Set 15, one card, FORMAT(16)

This card contains one integer variable,

IXAST, columns 5 - 6, is only used when end-effect corrections are made to the added-mass and
damping coefficients for ships with transom type sterns (Data Card Set 23, IEND = 1). In this case,

IXAST = NST - 2, which is the sequence number of the last section along the hull near the stemn.
Note that this card set must be included irrespective of the value of IEND.
Data Card Set 16, one card, FORMAT (416)

This card contains four integer variables.

(1) NOK <30, columns § - 6, is the number of wavelengths for which motion and load
calculations are performed.

(2) NOB < 5, column 12, is the number of Froude numbers for which motion and load
calculations are performed.

(3) NOH <10, columns 17 - 18, is the number of headings for which motion and load
calculations are performed. .

(4) NWSTP < 12, columns 23 - 24, is the number of wavcslop'cs for which motion and load

calculations are performed,
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Data Card Set 17, one card, FOPMAT (1216)

This card contains the NWSTP reciprocals of wave steepness, INWSTP(1), defined as the ratio of
wavelength to wave height, )\lfw, i, 50, 80, 110. Wave slope in degrees is determined in the program
as 180/INWSTP(I). The program also computes a wave amplitude for each wavelength as §, = A2 -
INWSTP(1)] where the wave slope is kept constant for each heading and Froude number. See Section 1A
for a discussion of the use of wave amplitude in the nonlinear viscous roll-damping calculations and

Section 1V for a gencral discussion about the use of wave amplitude for scaling the output.

Data Czrd Set 18, from one to two cards, FORMAT (8F10.4)

This card set contains the NOH heading angles, HDG(1), in degrees. The convention used in the

program is head waves = 180 degrees.

Data Card Set 19, one card, FORMAT (5F10.4) .
This card contains the NOB Froude numbers, FN(I). The Froude number is defined as,

14

& .LDP

where V' is the ship speed in feet/second, ¢ is the acceleration due to gravity, and L, is the length between
perpendiculars.

Data Card Set 20. from one to four cards, FORMAT (8F10.4)
This card set contains the NOK numbers of nondimensional wavelengths, BAM(I), for which calcu-

lations are to be performed. The wavelength is nondimensionalized by the length between perpendiculars,
Nl‘pn'

Data Card Set 21, onc card, FORMAT (IS5, 2F104)
This card contains one integer variable and two floating point variables:
(1) NFR < 40, columns 4-5, is the number of nondimensional frequencies of encounter, w,,, for

which added-mass and damping values are calculated. The nondimensional frequency is defined by,

Wey = Wg * Yipy,le

where @, is the dimensional frequency of encounter, L,,,, is the length between perpendiculars, and g is
the acceleration due to gravity. Note that NFR is in an 5 field instead of the usual 16. If NFR is
undefined, the program will compute a value for it.

(2) OMIN, columns 6-15, defines the lower end of the range of Wey values. 1f OMIN is undefined,

the program will compute a value.
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(3) OMAX, columns 16-25, defines the higher end of the range of Wey- 1f OMAX is undefined, the

program will compute a value.

Data Card Set 22, onc card, FORMAT (16)

This card contains one integer variable.
IRR, column 6, is a control for interpolating the added-mass and damping values if irregular fre-

quencies exist.

IRR = 1, no irregular frequencies.
IRR = 2, irregular frequencies exist.

IRR undefined, program will supply the proper value,
See Appendix C for a discussivn of the effect of irregular frequencies on the calculation of the range

of nondimensional frequencies and on the interpolation of the added-mass and damping coefficients.

Data Card Set 23, one card, FORMAT (616)

This card contains the following six integer variables:

(1) ML, column 6, is a control for the motion and load calculations.
ML = 1, only motions are calculated,
ML = 2, both notions and loads are calculated.
ML must be defined.

(2) IEND, column 12, is a control for including endterms in the equations of motion.
1END = 1, end terms will be included. Set IXAST = NST-2 (Data Card Set 15).
IEND = 2, no end terms.
IEND must be defined.

(3) IBILGE, column 18, controls reading in Data Card Sets 27 -28 which contain bilge keel information

required by the program for computing the viscous roll-damping coefficient when Option 1 or Method 2 of

Option 2 is used. (For definitions of the options sce Section [l1A.3.)
IBILGE = 1, the ship has bilge keels, Read in Data Card Sets 27.28, See IDAMP and IPRCNT

(integers 5 and 6 of this Data Card Set) for choice of option and method.
IBILGE = 2, no bilge keels. Skip Data Card Sets 27-28.
IBILGE must be defined.
(4) [PRES, column 24, is a control for the pressure calculations. {t also controls reading in Data Card
Set 29.
IPRES = 1, calculate pressures for the stations specified by Data Card Set 29.
IPRES = 2, no pressure calculations. Skip Data Card Set 29.
IPRES must be defined.
(5) IDAMP, column 30, is a control integer used to specify the option used to compute the viscous

roll-damping coefficients. It also controls reading in Data Card Sets 32.34.
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IDAMP = [, Option 1 will be used and the total and sectional viscous roll-damping cocfficients will
be computed by the program using information supplied in Data Card Sets 25-28.

IDAMP = 2 (Future option), Option 2 will be used and the total viscous roll-damping coefficients will
be read in from Data Card Set 32. See IPRCNT (next integer description) for the choice of method for
determining the sectional coefficients.

IDAMP = 3 (Future option), Option 3 will be used and the program will determine the total and
secticnal viscous roll-damping coefficients from defined classes of ships. The class of ship is specified in

Data Card Set 34.

IDAMP undefined, program will assume IDAMP = 1, If IDAMP = |, Data Card Sets 32-34 will not be
read in.

" (6) IPRCNT, column 36, is a control integer used to specify the method used in Option 2 to determine
the sectional viscous roll-damping coefTicients.

IPRCNT = 1, Method 1 is used and the percentage of the sectional roll-damping is supplied in Data
Card Set 33.

IPRCNT = 2, Method 2 is used. The program computes the percentages. Skip Data Card Set 33.

See Section [1L.A.3 - Viscous Roll-Damping Input and Table 3 for a discussion of the various Options
and Methods.

Data Card Set 24, one card, FORMAT (F10.8, 2F10.4, 16)

This card contains three floating point numbers and one integer.

2 i manben

(1) VNY, columns 1 - 10, it is the kinematic viscosity of water, v, in units consistent with the WORD
length unit. For fresh water at 70°F, v = 1,059 x 10™5 FT? - SEC,

(2) GRAV, columns L1 - 20, is the acceleration due to gravity in units consistent with the WORD
length unit. For instance, if WORD = FEET, GRAV = 32.2 feet * seconds™2

PRSP

(3) AMODL, columns 21 - 30, is the total length of the submerged portion of the hull. It is used by
the program for the calculation of the Reynolds number.
(4) MOD, column 36, is a control integer for the type of flow around the huil,
MOD = 1, laminar flow around the hull is assumed.
MOD = 2, turbulent flow around the hull is assumeaq.
MOD must be defined.
Most cases require specification of turbulent flow. For small ships at siow speeds the flow may be laminar.
Note-VNY, MODL, and MOD are required only when the program computes the roll damping (Option 1 or
Method 2 of Option 2).

The next four Data Card Sets, 25 through 28, are not included when IDAMP = 2. They com‘ain in-

formation the program uses to calculate roll damping,

Data Card Set 25, from one to two cards, FGRMAT (1615)
This card set contains the NST-2 control integers, ITS(1), one for each station except the extreme for-
watd and extreme aft stations. The values of ITS(I) are used in the calculation of roll induced eddymaking.

They specify the local hull shapes at Section 1 and are determined according to the following procedure:
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(1) ITS(1) = 1, Section | has a V or U shape with a small radius at the keel (bow sections).
(2) ITS{I) = 2, Section I has a sectional arca coefficient greater than 0.95 (paralle! midbody with
rectangular shapes).

{3) ITS() = 3, Section | has a shallow V or U shape with a local beam/draft ratio greater than 1.0
(aft scctions of destroyers or cruisers),

(4) ITS(1) = 4, Section 1 has an extreme:y rounded shape {(a destroyer hull section with extremely
rounded bilges and no skeg).

Note that ITS is punched in 15 ficlds,

Data Card Set 26, from one to four cards, FORMAT (8F10.4)
This card set contains the NST-2 bilge radii, RD{l), in WORD units, one for cach station except the
extreme forward and extreme aft stations. RD(1) is defined as follows-
RID(1) = radius of bilge circle at Section I for,
(1) sections that have bilge keels,
and (2) sections with 1TS(1) = 2.
RIX1) = 1.0 otherwise,
The next two Data Card Sets, 27 and 28, are included only if the ship has bilge keels (1BILGE = 1).

Data Card Set 27, one card, FORMAT (2F10.4)
This card contains the following two bilge keel parameters:
(1) AKEELL, columns | - 10, is the total length of the bilge keel in WORD units.
(2) BEAMKL, columns 11 - 20, is the maximum width of the bilge keel in WORD units.

Data Card Set 28, NST-2 number of cards, FORMAT (6F10.4)

Tlus data card set provides a description of the bilge keel at each of the NST-2 stations. The extreme
fore and aft stations are not considered. Each card contains the following six numbers (see Figure 8):

(1) RFD(I), columns 1 - 10, is the deadrise of Section 1 in WORD units. Set equal to 0.0 for stations
with no bilge keels.

(2) DELTAD(1), columns 11 - 20, is the length of the bilge keel along Section I in WORD units,
Set equal to 0.0 for stations with no bilge keel. The program tests for 0.0 in this case in order to by-pass a
number of calculations.

(3) RKD(1}, columns 21 - 30, is the distance from the middle of the bilge keel at Secticn 1 to an axis

through the center of gravity of the ship and parallel to the x-axis. it is in WORD units. Set equal to 1.0
for sections with no bilge keels.

(4) SD(1), columns 31 - 40, is the distance from the root of the bilge keel to the waterline as measured

along the countour of the hull at Section 1. It is in WORD units. Set equal to 1.0 for stations with no
bilge keels.
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(5) COSPHIX1), columns 41 - 50, is the cosiue of the angle, a, between RKIXI) and the bilge keel at
Section [. Set equal to 1.0 for sections with no bilge keels.

(6) PHID(1), columns 51 - 60, is the angle, P, in radians, formed by RKD(I) and a line connecting the
center of gravity with the waterline at Section !. Set equal to 1.0 for sections with no bilge keels,

The next Data Card Set, 29, is included only if pressure calculations are desired (IPRES = 1),

Data Card Set 29, from one to four cards, FORMAT (8F10.4)

This card set contains the NST-2 control numbers, STPR(1), which determine at which sections the
pressure distribution will be calculated. The program can compute the pressures for up to eighr sections.
There are two options:

STPR(I) = 0.0, the pressure on Section 1 will not be calculated; and
STPR(I) = 1.0, the pressure distribution will be calculated on Section I.
STPR(1) must be defined.

Data Card Set 30 Delete

The next Data Card Set, 31, is not included if roll damping coefficients are read in (IDAMP = 2),

Data Card Set 31, from one to seven cards, FORMAT (8F10.4)

This card set contains the NHF = NOH - NOB - NWSTP estimates of maximum roll angle (single
amplitude), THMD(1), in radians. (See Data Card Set 16 for the definitions of NOH, NOB, and NWSTP.)
The THMD(!) values are the initial values in the “trial and crror™ procedure used in solving the quasi-linear
equations for roll. (See Equation L1 in Section 1IA.) These estimates are functions of wave slope, Froude
number and heading angle. Eight THMD(I) values are given per card in a sequential order given by varying
the wave stope first, then the Froude number and finally the heading angle. If THMIX1) is undefined the
program will supply initial estimates. If accurate estimates can be provided by the user, the run time will

be reduced substantially. Note that due to storage restrictions NHF < 50.

The next Data Card Set, 32, is included when roll damping coefficients are 1o be read in (IDAMP = 2),

Data Card Set 32, from one to two cards, FORMAT (8F10.4)
This card set contains the following two roll-damping coefficients as a function of Froude number:
(1) B2(D. columns | - 10, is the linear viscous roll damping coefficient for the first Froude number,
(2) B3(1). columns 11 - 20, 1s the nonlinear viscous-roll damping coefTicient for the first Froude num-
ber. If more than one Froude number is given, the remainder of the card should be filled with pairs of
numbers, B2(1) and B3(1).
The next Data Card Set, 33, 1s included only when the roll-damping coefficients ate to be determined

for cach station by the user (load calculations are desired and 1IDAMP = 2). In this case, IPRCNT = 1.
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Data Card Set 33. from one to fifty cards, FORMAT (8F10.4)

Thus card set contains the percentages of B2(1) and B3(I) to be used for each of NST-2 stations. There

are up 1o two cards for each station (excluding the extreme fore and extreme aft-stations). The order of
input per card is the same as in Data Card Set 32,

(1) PB2(L.)). columns 1 - 10, is the percentage of the B2 coefficient as a function of Station | and
Froude number J.

(2) PB3(1.)). columns 11 - 20, is the percentage of the B3 coefficient. Note that. if IPRCNT = 2, the
program will determine these percentages and Data Card Set 33 will not be required.

The next Data Card Set. 34, is included only if IDAMP = 3.

Data Card Set 34, one card, FORMAT (16)
This card contains one control integer, ICLASS.
ICLASS. coiumn 6, specifies the class of ship for which roll damping will be computed. The
program will use stored values for the roil-damping coefficients as a function of ship class. The options are:
ICLASS = 1, small boats.
ICLASS = 2, high-speed transom-stern hulls.
ICLASS = 3, moderate-speed cruiser-stern hulls,
If data cards for another ship are to be included, first repeat Data Card Set 2 using IPASS = GOGO,
followed by Data Card Sets 3 - 34 for the next ship. When no more ships are to be run, repeat Data Card

Set 2 with IPASS = STOP. This completes the data card input for the program,

Commonly Used Equations

3 Encounter frequency

Nondimensional Wg

Wave frequency w- -2-72
A V  is the ship speed in feet/second
g is the acceleration due to gravity
Froude number Fo= . p s the heading angle
4 LPP A is the wavelength
360 - $p $a s the wave amplitude
Wave slope WS = A Lpp is the length between perpendiculars

w2V
Wg = W=——""cos it
g
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APPENDIX C

Listing of the DTNSRDC Hullborne Hydrofoil Six-Degree of Freedom Motion
Prediction Computer Program (see Ref. 3)

c LXaQ
[ venrSICN &4 - COC 6700 -~ HANSEL - “INE, 1972 LK0
L LXg
Commm=- WAVEHIP-ANOCets SHIP-HCTICH ANC JEA=LOAD COHFUTEK FROGKA(-——ew==wa LK@
¢ LXo
c LKO
(=mom=e VERSLCN 0 = N.OALVESEN,h3RDL  HFRARNKZHSROL O FALTINSEN,INV LXO
C - LX0
Cmmmm—- VEASIOR 1 -~ UPJATEC AND CONVERTED 7C RUN CN THE UNIVAL 1133~--- ;X0
C =~ AT N8S oY Cufl SHEKIOAK, 197 Jeemcccccnmcnccccaccaaaa (KO
[ VEASION 2 = UPDATECD ON ULNIVAL 1108 wl 33 3Y 3ILL MEYorRSe=weo=-- LKQ
L - NzCy 197f--=r--c-cmcceccnc et crrce st e n e Ko
(R VERSIUN 3 - UPUATEC AND CUNVERTED TO WN CN CLC 8700 ==ew—vana-e- LX0
c - AT N>x0OC B8Y SILL HMLYERS, JUNE, 197i-e--m-ecccccana. LK3
(mome— VERSIUN 4 = LOnJ QUTPUT MGOLFIed, S.MUGhTIAL STLRAGT OF me=--e-e- LKS3
< = FAA uKkD PAY - SBILL NMiYoRoy JUKL,; 1372~---ce-co==a LXC
c LXO
OVERLAY (LINKN,0,9) LKD
FROOGRAN HANSEL (INPUT,0UTPUT, TuPLS=INFUT,TuPEG=CUTPUT, LKQ
2 TAPL1,TwPL13,TAPEL]) LKD
COFMCN DUML1(2723) ,PRNTLP,LLY2 (356) LK0
CONMMGCE /T eMdP/ U3 (53956} LX3
LOKFON Z7LUDFRNZ STLO(Z2U) , nr32,10rd3, ICAMP,1PRUNT,321(5),33(3), LX3
2 rE2(2%,51,P23(25,53),1.LA3S LXK
CURNMLE /PFOILZ UURE(S2), IPRINT . FHO0
COMKROLN ZOFOIL/ Duiot 36l FHCO
CATL ISTUP /4HSTOP/ LXD
1603 FCriad (1H1,27(7)455X,190¢ HANSEL *) LKd
10064 Flealal ( 341%) LX0
1CGH6 FCalul (275.X,3110) LX0
1064 FORKAT (12X%X,2417) LX0
101y FOenlT (1KL,40X, 2IHMLISTINGL UF ALL INPUT 2ATW CAFCSY) LKO
1020 Funmnd (21X, iH1 300, 1H2y X, 103, OX, 1HL 39X, 145, sX ,1F6,IX, IH7SX,1F3/ LX9
SuXyseh G VIS 810l c34567030) /) LKI
1030 FUmtud (54,40, 7Xy333,38Xyu3) LXO
1040 FORIAT (L2X3*FAL5=%,nu,* TaKE=*,A3,* PxIRTI=*,L]) LKE
1055 FURMAT (1)X3*VexSaOh 3 = Wl o762 - H AN L & L = JunNi, 19* LK)
2 *71%/71)%, % USALC Snir=FOTICH Atd SFA-LCAJ CuMPUTEF FRO0RAM* LXJ
2 /7206, 3A10, LKO
2 //71LX,*FloLe®*,13,* JCuJU OUTFUT TaPE HI=HIGH DFN3ITY (S55u)*/) LKO
1660 FLilui (11H1,27¢€/)353cK313H" c N D *) LK0
CALL Fidein (1,1,19) LKG
CrLL FTJIM (1,1,29) LX0
gekhific 1 LXD
WFASS = ) LKO
WRITE (0,1900) LX0
[ R Ll e e R bbb Bt bbbl D it L) LKD
4 DATA LALD SET 1 LX0
i it Rttt D iy LK
REAU  (541604) ubZl btz gy NAPLS LKO
Axile (0, 1006) JAMELIMANEZ2NAMES LKO
10 NFADS = NPASS ¢ LKOD
WRilE (56,1010 LKO
HRRITE (6,1020) LXEe
LE (NFASS 204 1) ARLTe (by1003) NAHLI,N“1!‘:2,“APE3 LK0
Commem e e e e e e R e e e e e e e me s s cames e e LX0
9 OATA LA<D SET 2 LKO
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C-=====VERSION & =

c

A0 OO0

20

1000
2000

10

20

1000
1010

READ (5,1030)
HRITE (o,2040)
If (Ifass .EQ.
IF (NFu33 (2Q.

IPASS,0THuPE,PRNTOP
IFASS QT APE,FRNTOP

ISTOPY GO TO 20

1) CALL 3X1IP (CTAPE,NSKIP)

------ VERSION & =

IF (NFADS 6T+ L) CALL SKXFFIL (1,-1)
KFILE = HSKIP + NPASS

WRITE (1,105u) HAHEL, AME2,HANE3JHFILE
CALL >EPAKT (2)

CaAcLl CventAY (SHlINK1,1,9)

CALL OVERLAY (SHLINK2,2,0)

CALL CVERLAY (SHLINK3,3,9)

ENOFILE

‘K = NFILE + &

HRITE (1,105])
CALL SEPART (2)
Gu T0 10
cNOFlLE
REWINOD 1t

KRITE (6,10€0)
STot
END

NANE 1 ,NAMEZ2, NANE3 ,X

CDC 6700 - S K I P = JUNEs 1972

-=~=~ LKO
LXO
LKO
LXg
LX0
LKQ
LKD
LKQ
LXD
LKO
LKD
LKD
LKO
LXO
LKO
LKO
LXo
LKG
AKD
LKO
LKO
LKB

“SKp

SUBROUTINE SKIP (OTAPE.L)
INTEGER OTAPE OLD+TITLE+ENDTAPENDGRO

DATA OLD /3HOLD/, ENDTAP /10HEND OF TAP/. ENDGRO /10HEND OF GRO/

FORMAT (Al0)

FORMAT (»] #,13+# FILES SKIPPED ON OUTPUT TAPEs)
L=0

IF (OTAPE ,NE, OLD) GO TO 30

READ (1+1000) TITLE

IF {TITLE .EN. ENDGRN) GO TO 20

IF (TITLE .NE. ENDTAP) GO TO 10

CALL SKPFIL (1ls~1)

GO TO 30 .
LxtbL +1 : i
CALL SKPFIL (1+1)

GO 70 10

WRITE (6+2000) L
RETURN

END

CDC 6700 - SEPART -
SUBROUTINE SEPART (N)

FORMAT (/®END OF GROUP®,2({6X4A10)+2X+F10.3/)
FORMAT ( #END OF TAPE ©,2(4X+A10)+2XsF10.3)
COATE = DATE (D)

CTIME = TIME (E)

ATIME = SECOND ({A)

IF (N .EQ., 1) WRITE (141000) COATECTIME+ATIME
IF (N (EQ, 1) GO TO 10 '
WRITE (1+1010) COATEsCTIME+ATIME
WRITE (1+1010) CDATECTIME ATIME
BACKSPACE 1
RETURN
END
------ VERSION 4 =~ CDC 6700 =~ S I MP UN = JUNEs 1972=c===

FUNCTION SIMPUN(X+YsN)

FORTRAN IV FUNCTION FOR SIMPSONS RULE INTEGRATION
EQUAL OR UNEQUAL INTERVALS+W.FRANK

DIMENSION X(S0)+Y(50)

FORMAT (23HCNON MONOTONE X SIMPUN
IF(N=2) 7+5+4
Sa(Y(l)eY(2))®(X(2)=X(1))/2.

GO TO 6

S=0,

GO TO 6

1441PE12.4)

JUNE+ (972www~

2
SKXP 3
SKP 4
SKP 5
Sk &
SKP 7
SKP 8
SKP 9
SKP
SKP
SKP
SKP
SKP
SKP
SKP
SKP
SKP
SKP
SKP
SKP

58-

59
60
51
62

64
65
66
&7
68
69
10
71
72
73
74
75
76
144
T8
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OO0

OO0

OO0

OoO0O0n

4 MaN-]

SIM

S2(X(2)=X{1))/6.2(Y (1) #((X(2)=X{3))/(X(1)=X(3)}42,)eY(2)8((X())=X(SIM

13))7(X(2)=X(3))42,)=Y(3)®(X(2)~X(1)) #8270 (X(1)=X(2))#(X(2)
LA=2
IF(N=3) 84849
9 SESe(X(I)=X(2))/6,%(Y(2)%((X(I)~R(4)})/{K(2)=X(4))2,)eY(3)

=X$13)1}1))SIM
SIM
SIM
*((X(2)-SIM

IX(4)) /7 (X(3)=X{4))e2,)=Y{G)®(X(3)=X(2))®®82/((X(2)=X(4))®(X{3)=X(4))SIM

2)) SIM
LB=3 SIM
8 DO 1 K=LBM SIM
XDIFF=ABS (X(K+1)=X(1)} SIM
XDIFF1=ABS(X(K) =X (1)) SIM
IF(XOIFF=-XDIFF1) 3ells1l SIM
J WRITE (642) KoeX (K} SIM
GO TO 7 SIM
11 CONTINUE SIM
ABx (X (K+l)=X(K))/6. SIM
ACEY (K)® { (X(Ksl)=X(K=1))/(X(K)=X(K=1))+2,) SIM
ADEY (Kol )@ ( (X (K)=X(K=1)}/7(X(Ke])=X{K=]1))e2,]) SIM
AE=Y (K=ld # (X (Ke)l)=X(K))®@2/ { (X(K)=X(K=1))®(X(Ke]l)=X(K=1))) SIK
1 SxS+AB® (AC+AD-AE) SIM
6 SIMPUN=zS SIM
RETURN SIM
END SIM
M1y
----- VERSION 4 - CDC 6700 -~ M AT I NS = JUNEy 1972«cecccccnnaaaM]y
. MIvV
SUBROUTINE MATINS (AsNRN14+By¢NCsM1DETERM, 1D+ INDEX) MIV
MIV
PROGRAMMER=- S, GOOD+NSRDC MIvV
. MIV
EQUIVALENCE (IROW,JROW) 4 (ICOLUMsJCOLUM) ¢ (AMAX+TsSWAP) MIV
DIMENSION A(NR+NR) +B(NRyNC) ¢« INDEX(NR¢3) MIV
MIV
INITIALIZATION MIV
Mly
N=N] MIvV
M=M1 MIV
DETERM=0,.0 MIV
D0 20 J=14N MIvV
20 INDEX(J93)=0 MIV
D0 5SSO0 I=].N MIV
MIV
SEARCH FOR PIVOT ELEMENT MIV
MIV
AMAX=0,0 MIV
NO 105 J=14N MIV
IF(INDEX(Je3)=1) 60+105+60 MIV
60 00 100 K=],N MIV
IF (INDEX(K9s3)=1) 8041004715 MIV
80 IF (AMAX-ABS(A(JsK))) B5+100+100 MIV
85 IROW=J MIV
1COLUM=K MIV
AMAX=ABS (A (JsK)) MIV
100 CONTINUE MIV
105 CONTINUE M1V
INDEX (ICOLUM3)=INDEX (ICOLUMs3) 1 MIV
INDEX(I1¢1)=IROW MIvV
INDEX (I+2)=ICOLUM MIV
MIV
INTERCHANGE ROWS TO PUT PIVOT ELEMENT ON DIAGONAL MIV
MIV
IF (IROW=I1COLUM) 14043104140 M1V
140 DETERM=-DETERM M1V
DO 200 L=1,4N MIV
SWAP=A (IROWsL) MIvV
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OO0

(2XaXe]

OO0

A(IROWL)=A(ICOLUMsL)
A(ICOLUMyL)=SWAP
IF{M) 3104+310.210

D0 250 L=}.M

SWAP=B (IROW.L)
B(IROW.L) =B (ICOLUMsL)
B(ICOLUMsL) =SWAP

200
210

250
OIVIDE PIVCT ROW BY PIVOT ELEMENT

310 PIVOT=A(ICOLUM, ICOLUM)

NETERM=DETERMePIVOT

A(ICOLUM.ICOLUM) =] ,0

DO 350 L=].N

A(ICOLUM,L)=A(ICOLUM.L) /PIVOT

IF (M) 380,380+360

00 370 L=1l.M

B(ICOLUMWL) =B (ICOLUML) /PIVOT

330
350

360

370
REDUCE NON-PIVOT ROWS

380 NO S50 Ll=1.N

IF(L1-1COLUM) 40045504400

T=A(L1+1COLUM)

A(L1+ICOLUM)20,0

NO 450 L=1.N

A(L1oL)=A(L1sL)~ACICOLUM,L)*T

400

450

IF (M) 55045504460

00 S00 L=]1.M
BL1.L)=8(L1L)=B(ICOLUM L) *T
CONT INUE

460
500
550

INTERCHANGE COLUMNS

DO 710 I=1.N

LaNe]=]

IF CINDEX (L4 1) =INDEX(L+2)) 630,7104630
JROW=INDEX (L1}
JCOLUM=INDEX (L +2)

NO 705 K=1,4N

SWAP=A (Ky JROW)

A (K JROW) A (K s JCOLUM)

A (K¢ JCOLUM) =SWAP

CONTINUE

CONTINUE

DO 730 K=z14N

IF (INDEX(Ky3)=1) 71547204715
CONTINUE

CONT INUE

10=1

RETURN

IN=2

GO T0 810

END

630

705
710

720
730

810
715

------ VERSION 4 - CDC 6700 -P RO 1 =~
OVERLAY (LINK1+1,0)

PROGRAM PROI1

CALL PRGMI1

END

i
M1y 44
MIV &S
MIV 46
M1y 47
MIV 48
MIV 49
MIV So
MIV 51
MIV 52
MIV 53
MIV  S4
MIvV SS
MIV 56
MIV S7
MIV 58
MV S9
MIV 60
MIV 61
MIvV 62
MIV 63
Mlv 64
MIvV 6S
MIV 66
MIvV 67
MiV 68
MIvV 69
MIV 70
MIV 71
MIV 72
MIvV 73
MIV 74
MIV 75
MIV 76
MlV 77
M1V 78
MIV 79
MIV 80
MIvV 81
MIV 82
MIV 83
MIvV 84
MIV 8s
Mlv 86 i
MIV 87
MIvV 88
MIv 89
MIV 90
Mlv 91
Mlv 92
MIV 53
MIV 94
MIV 95 ]
MIV 96
Mlv 97
MIV 98
Mlv 99
LK1 2
JUNEO 1072--"-----—~———----LK1 3 -
LK1 4
LK1 5
LK} 6
LK1 7
LK1 8
. W L X -
JRREES ST ]
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C
Cme==w-=VekSICN 4 - COC 6700 - PR G M1 = JUNE, 1972-~ccecereccccce.
c
SU3IROQUTINE PRGML
C
C PRUGRANMHER~ O, FALTINSEN,ONY
C
COMMOULN AM(27) 4 NUT)NMALS yNUS,ST(25) ,0S(25) JELLELL,; X(25,8),Y(25,28),PM
L1AS(27) 4 XAS(2T) 2 IMARS (27) ,kKG(ZH,XS,ZG.T-‘MS,LlBk ’LISS,LID6QGI’061TP
25T 9mF3I3) M35y nM55,COHyulb g KyyTVOL,ALFA(LO,11) yBETL(40,12),HCG(L0)
33FN(5) s8A4(30),L006(10),506(10) yOMAX,0MIN,NFRyNOK4NOS,NOH, OHE.{(40),
GFKIT96) 9 XX[25,7) 3 YY(25,T) 3 GELIR2S,7) 3ot (25,70 3 CSE(25,7) ENLIL25,7),
SUNyOUHEPA T U, TITO(12) y HORU s NUNy IXAST yHOGL (10) 94T 9LBV,CIC,+RNTOP
COKMON Si1(27) 3YMAS(27)yBEAMyCRAFTyUNMAXy IRRyPLHILNC,IBILGE,IPRES,
2VYNY s GiAvy AMOUL yHOC)AKELLL s BEAMKL 1TSS (25) yRI(25) 4§ .FL(25) ,CELTAD(25)
29KKD (25) 450(25) ,cOSPHL(25) ,PHIT (25) ,STPK(25) ,THRD(50)
CUNUUN NRSTP,INHSiP(12)
COKNON /TENRP/ >T2(29),0S51{27) yXMASL(27) ySQAR(27),SAS(27),H8:4(27),
2 HB3(27),S5(27) 9X2(3),YI(3) XY {0) ySHo(27),HS3(27),0UMI(&704)
COMMUN ZLOOFRNZ STLD(24) y KURD2,WOR0D3 ) IDANP, IPACNT 482(5) ,63(5),
2 PE2125,5),PE3(25,5),IvLAsS
COMMON /7PFUIL/ LFOILyRHO,ZNF,CPL{10),SPAN(10),CHOKO(10),S(10),YF (10
2),2FC10) ,0GAFMALL0) 3o LZ(10),ASP (100, IPRLNT
c
C RELD AND PRINT ALL OATw CARD INPUT
€ WRITE ALL WATA CAKD IKRFUT ON oCO OUTPUT TAPE
¢
233 FOxMAT (1H1,1246)
1G00 FORNMAT (1uX,*SHIP OATA CAFRD IMNPUT TU HANSEL®™)
8005 FORMAT (1H1,600X,3IHLISTING OF ALL INPUT OuTA CARDSY)
8007 FurMAT (21X, 1H1,9Xs1H2y 3K, 1H3y9X, 1HG 39X, 115,9X,1n6,49X,1H7,9X,1+8/
24Xy0HCOLUNNS ,0(101234567830) /)
8000 FUxMAT (/724H LENU OF uLATA CAkD INPUT)
8009 FUuiRNMAT ( /27H ,+4CONTINUED ON NEXT PAGee)
8002 Fuldknl (5X,A3,8X,A3)
8004 FOrMAT 2ub6yAB)
0006 FOFEAT (12Xy2ub6yAn8)
8000 FOxMAT ( 12A6)
8010 FOnMAT (12X,1246)
802y FukMaT | 1216)
8030 FunMAT (12X,1216)
0032 FOFMAT ( Fl0e4y4F10.6,F10,4)
8034 FOURMAT (12XyFldelyuF 10.6,F10.4)
8049 FORMAT ( 6F1C44)
0050 FUMAT (12X,8F10.4)
8060 FUrMAT ( [5,2F10. 4)
6370 FUrMAT (12Y,15,2F10.4)
8030 Furnal | F1043,2F 1C.06,16)
4090 FOURMAT (12Xy)F19.8,2F10.4,16)
8100 FURMAT ( 1615)
0110 FORMAT (12X,1645)
HelITe (b,8005)
HKITE (byad07)
BACKSFAVE 1
LALL 5?AKT (1)
HRITE (21,1000}

(==mreccranencnea N L L L R L L T - - - A - -
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PR1
PR
PR
PR1
FrL
PR
PR1
FR1
FRL
PR
FRL
PR
PRL
PRL
FRL
PR1
FrR1
PRL
FR1
PRL
PR1
Froo
FrOO
PR1
FR1
PR1
PR1
PRL
PR1
PR1
PR1
PR1
FR1
PRL
PRY
FR1
PR1
PR
PR1
PR1
PRY
PRe
PRL
FRY
PR1
PR1
PR1
FR1
PR1
PR1
PR1
PR1
PRL
FR1
PR1
PRI
PRrR1
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C DATA CARD SET 3 PR 57
Covmmeammmcnrce s e e e emeesscneaa Dot cecemsewccccmcna —eeees PRI 58
READ (5,4u400) TITO PR1 59
HRITE (6,8910) TITC Pr1 60
WRiTE (1,8000) TITO fre 61
(evencenrann e enreccccenea hdei b —,e—emssee e —o————-— - PK1 62
C UAT& LAKD SET & PR 63
Comoroncnncccccnnaa cmmmccecans e cecteeccececcc st r e cacrcrcanancsnan PRY 64
REAC (5,3004) HORJ,WCRC2,WOKC3 PR1 65
WRITE (6,3006) KORD,HCRDZ2,KIRC3 PR1 66
WRITE (1,3304) WOKO,HCRD2,KHCxC3 PR1 (14
(ommmcrncacececaan ceercccececccr o e mmm cecweccccavccncacscncacen Pyl 68
C DATw CAKD SET 5 PR1 69
[ R e TR et DL e D Pt cemmmecce———— R e b L L FR1 T0
REAC (5,8020) HuT,ioTyknaS,IT PRI 71
HKITE (5,0030) NUTSZNST,NMAS,IT . PR1L 72
WRITE (1,5020) NUT  NST,NMAS,IT 433 73
NUS = NST -~ 2 FR1 T4
M2 = NST PR1 75
Cocmccvccacccacaa LR R L L L et b DL e ——————— e PRI 76
C GCATA LARD SET 6 FR1 77
(I R L P e DL DL L TR LI L A et e DL DL P PEE S FR1 78
READ (5,8040) (ST1(I),I=1,M82) PR1 79
AKRITe (6,8350) (ST1(1),1=1,H2) FR1 &0
HRITE (1,8940) (ST1(1),I=1,M2) PR1 81
[ e e Dt ettt e L DL L L LD el DL R ettt el FR1 82
L OATA CARDO SET 7 PR 83
(roreccacnmacceracraccrscr rarcanscanseccanaa= cemrmarccnrcene meen- reame= FR1 34
REAC (5,0040) EL.y3EAM FR1 85
WRITE (2,8050) ELw,3EAH PRE 26
Ax1Te (1,83L0) ELL,3cAM Fr1 87
00 S010 i=1,NusS FRL 38
[ e T D e L L et e L il PR1 89
c Galh LaxD ST 8 PRrR1 30
(PR et et et b Dbty PRl 31
REAU  (5,08040) (X(I,J4),J=1,HUT) PR1 92
HRITE (H,35050) (X{I,J),J=1,NUT) PR1 93
AxIle (L,0d60) (X(L,J),J=1,0UT) PR1 D
READ (5,3340) (Y(I,J),J=1,NUT) FR1 g5
HRITE (6580500 (Y(I,J),Jd=1,NUT) PR1 96
ALTE (1,004C) (Y(I1,J),J=1,KUT) FRY 97
90190 COnTihuL PR1 38
iF (i7 .cC., 09) Gu TO 9320 PR1 99
R bt it el bl D el e L FRE 10¢C
v DAT& LAKG SET 9 PR1 101
R e L R b b bkl e R ikt A b b E e PR1 102
READL (5,8032) THAS,EIuw4,EISS5,EI66,E146,26 FrRL 103
HRITE (5,0034) THAS, < IWl,e)55,E166,c146,206 FR1 1Cs
Wk1lie (1,3032) TMAS,cltt,c155,2166,8146,25 FrL 105
HRITE (5,3009) FR1 106
NKLITE (6H,239) FR1 107
HrlTe (59,3007} FR{ 108
uv0 TG Yu3d PR1 109
[ e it bbbkl et b halddede b ittt tdeded e nminbd bt FPL 110
C DATA VARD SET 19 PR1 111
(R b L L L L L LAt bl LR b b L E bt it S it mesessccemcccnan- vemcmaraa ~eee= FR1 112
9020 REAQD (5,8060) (PMAS(I),I=1,NNAS) PR1 113
51
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114
115
116
117
118
119
120
121
122
123
126
125
126
127
128
129
130
131
132
133
136
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
154
152
153
154
165
156
157
18
159
160
161
162
1€3
164
165
166
167
163
169
170

HR1ITE (6,80850) (PHAS(I),I=1,AMAS) PR1
HRITE (1,0040) (PHAb(l),L‘i,hHAS) PRY
e e S L L L e L T e PR1
c UATxn CARD SET 11 FRY
[ e e L e Lty ety cmesenen- o ose emcerccscasene PR]
ReAD  (5,d960) (XMAS(I1),I=1,NMAS) PR1
WeITE (6,3050) (XiAS (1), I=1,NMAS) PR1
WKITE (1,8060) (XMAS(I),I1=1,NMAS) FR1
Camwommmcoacaae ——cmceenee amoemcceeceesmacaceccencsascarenscosmsamcsneses FRL
c DATA CARG SIT 12, PR1
e E e Rt S SRR e L PR1
REAU  (5,4040) (YMAS(I),1=1,N4AS) PRE
HRITE (6,8050) (YMAS(I),Ix1,NMAS) PRE
WKITe (1,3040) (YM&S(I),I 1,1MAS) PR1
[ D D it l e ekl bt Elid et bl b Bt b PR1
c DATA CARD SE} 13 PR
[ e L T e ctesmer s cannaae. P L L Ll Ll LT 3 |
We1TE (6,8009) PR1
HRITE (0,299) PR1
KRITE (54,0007) PR1
REKDL  (550800L0) (ZMAS(1),I=1,NMAS) P
HRITE (6,3050) (ZMAS{I),yI=1,MMAS) PRL
ARITE (1,3060) (ZHMAS(I),I=1,NHAS) PRl
Lommmmmmmmmmmecamccaeacaa cmmmceeeas PO ceceeccmmcanceccananan PR1
¢ DATA CAKC SET 16 Pr1
Cammammmcmemcsecacmanane S - emmmmem e PRY
READ (548040) ( RRG(I),I=1,NMAS) PR1
HRITE (6,0050) ( RRG(I),I=1,NMAS) FR1
WKITe (L£,8060) ( KnL (L), I=1,0MA) FR1
[ i etk il e e Sndtn bl b e emmesc—ce s - PRl
C UATA CAKD SET 15 PR1
[ reercacc—- mesncaccncccccanaa LI L D e L el DLl e D 3138
9030 XEAL (5,8020) IXAST PR1
HRITE (6,5030) IXAST FR1Y
WRITE (1,8020) IXAST PRL
T T it R e TP PP Pr1
c DATA (ARD SET 18 PRY
Lommmmameccedmacec e cmesane Ty amamen ox1
READ  15,8020) NUK,NOB,NOH,NhSTF PR1
WRITc (6,3930) NOK,nOByNOH,HKSTF PR1
WRITE (1533200 KuKyHC3,lIUH,NHSTP PRI
T cmememmmmesoeeaae et Pri1
c OATK CAZD SET 17 PR1
(memeocmoecoaccacaccscaacana- meemeeas cmmmmeeeeaoan cmmemecmecasaenaons PR
REAC  (3,8020) (INKSTP (L) ,I=1,NHSTF) PR1
WRITE (0,8330) (INASTP(I),1=1,NHSTP) PR1
WRITE (1,3020) (LdMaTP(L),i=1,NKSTF) FR1
o LT T e L e S e R FR1
¢ DATA LARD SET 18 PR1
(mmmmmemmmmmaeoccmecomsasmcanas e TEE P PR PR PR —————- R FR1
REALD (39304U) (HOGL(I),I=1,NUH) PR1
HWxile (698053) (HDGL(I),I1=1,N0H) PR1
AITe (1,8040) (HuLLli),Ll=1yNOH) FR1
T T e R PR1
¢ UATA LAXD SEI 13 PR1
(mmmmmemcmmmamcaemcacanaaa semeccacanooas S R Lt PR1
KEAu  (5,8040) (FN(I),I=1,NUB) PR
52
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NRITE (6,8050) (FN(I),I=1,NU3) PR1 171
WRiTt (1,o0~0) (FN(I),Lti,NUJ) PR1 172
R e L E L L LD P et P - ————— - Pt 173
c UATA LAQD bET 20 PR1 17%
R et D e L DR cemccemmccccnan ececcemcccaaaaa FRY 175
RERD (s,aouo) (3AM1 1) ,I=1,NiK} PR1 176
KRITE (6,8050) (3AK(I),I=1,L3K) PR1 177
WRITc (1,48040) (3AK(I),I=1,KNCK) PR1 178
D e s - -- -—- --- PR1 179
c DATA CARD SET 21 - PR1 180
C it DR L S —-——— —— ———e—— - cwemna FR1 181
READ (5,0060) NFr,OMIN, OMAX PRL 182
HR1T: (6,8070) NFR,081IL,)0MAX PR1 183
WRITE (1,3060) NFR,CMIN,UNAX FR1 186
[ et e T —ememccccaaas B et DR P FR1 185
" OAT& LAD SET 22 Fr1 136
o e T e D L T Lt —————— e cecccac—c— e ——————— PR1 187
READ (5,3329) IxXR FR1 188
WRiTE (6,8133) IRR FR1 189
WikiTE (1,8U20) IxR PR1 190
[ Lt T L L L LR P e Px1i 191
< DAT« CARC SET 23 PR1 192
[ et T e e T L ettt ~e=e= PR1 193
REAU (5,8020) ML,IEN., ISILGE,iPRES,ICANP,IPRCNT PR1 i34
WkITE (6980300 ML,IENUy IdILSEL yIFRES,,4CANP,IPRCHT PR1 195
WikITe (1,8620) AL,IcNOyI3ILGE,IPRLS)IUANP, IFKCNT PR1 196
T b L L T e L L LD e e R e L L L Lt PR1 197
o 0ATA LA<D SET 24 PRL 198
[ e e e L L TP R P L S PR PR L L L ——eama PRL 199
ReAD  (5,8000) VHNY,GRAVyAROUL, MOD PR1 200
WR1ITE (6,8090) VHNY,GRAV,ANCCL,HMUD PR1 201
ARITE (1,3030) VvdY,GFAV,adLCL,N0D PR1 202
IF (1CA4P EQ. 2) GO TO 3045 PRY 203
(e=ecmmemecnccaccccc e ccccmacc e ccctmecccmcAecersce e cmcaen e ceemmcaca FR1 204
< O&TA (RO S&T 25 PR1 205
e ekttt e e LT FRL 206
READ (5,8180) (LTS(1),I=1,N3S) FR1 207
WRITE (6,3110) (ITS(I),I=1,N0OS) PR1 208
WRITE (1,38100) (I7S5(1),I=1,NUS) PRY 209
B it e L e L e PR L L PP P L PP E S P —emm—maaa e ~e===-a PRY 210
c UATA CARC bCT 26 PR1 211
(mmmesemcneccnacacarancas mesemeccacecacccscocaana esemmemceccancannans ~== Fk1i 212
READ (5,50u0) (001D, I=1,NUS) FRi 213
WRiTE (6,8350) (“u(l),I=1,400S) FRL 216
WRITE (1,8040) (RC(I),1=1,huS) AR1L 215
IF {i31L6é 420, 2) GO TO 9659 PRY 216
(~mmmemmremecscecscncc et wamm—— cmmmaen L e L LT P ~== FR{ 217
L DATA LARD SET 27 PR1 218
[ e L P EE L L P L L R L B Pt ~mmescemmcememan— e et PR 219
READ (5,0040) AXEELL dEANMKL PRE 220
WKITE (5,8050) A<CELL,ceAMKL PRL 221
WKITE (1,0060) AKEELL,cEAHVL PR1 222
00 9u43 I=1,NUS PR1 223
[ee=emeemcmcccnccncccnacancncesmean cemven- N et L L L DL LR L L PR1 224
¢ UATA LunD ST 28 PR1 225
[ e D L LT P e Rt LT LT -==- P 226
ReAC  (5,8940) KFO(I) swELTAD(L) JRKUCI) y30(1),CCSFHULT) ,PHIC(I) PR1 227
53
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WKITE (6,3050) RFO(I),CELTAO(L),RKuU(I} ,SD(1},COSFRO(I) PHIG(I)
WRITE (1,8840) RFO(I),yuELTAULI)  RKCLI) y50(L),COSHHULL) yPHIC(T)

90640 CCKTINUES
9645 COnTINUGE

(omem—cmcmccacccnanea eecnccecacaccscaa
¢ UATA CARDC SET 29
Ceemmecwcccaccan crrcmcccanaa -

9050 IF (IPf.S .EQ0. 1) RZAGC (5,8040) (STPR(1l),I=1

- LT Y

4 NGS)

IF (1FKES «20. 1) NRLITE (698050) (STFR(I),Ix1,h0S)
IfF C(IPRES .EQ. 1) WRITE (1,8340) (3TPR(1),I=1,N0S)

NOSML = NUS - 1

Cormecemmmen— P —. P . ccocmea
[ DATA oAKD SET 30
(mmemesmcanaa Sy Sy

IF (IT Jtde 0) REAU  (5,8040) (STLD(I),I=1,NCSM1)
IF (17 .EQ. 0) WKITE (648050} (STLD(I),I=1,KCSY)
IF (17 +eQ¢ £} MWRITc (1,8040) (STLO(I),I=i,NC5M1)

NHF = NOH®NOB®NWSTP

IF (ICAMP -EQ. 2) 60 TD 9052
(ereemrcccsccacenccncrareanaan cemeemcsmcmccocsrecencen .. ceermccr—m——————
c UATA CARO SET 3t
[ o ——— -_— e emmere—— o ——— e —— e ———

READ (5,8040) (THHD(I)jya1=1,HHF)
HKITE (6,8050) (THMO(I),i=1,NKHF)
WRITE (1,8040) (THNO(I),I=1,KhF)
9052 CCANTINUE
IF (1DANP JLE. 0) IDAMP = 1

IF(1CArP=-2) 9090,3055,9080
9055 CUNTINUE
(owmeromtmercrccccmecmccmcse— e ———— S g S R PR
L OATA CAxD SET 32
(orccemmmcemcuccccmcaccmaceac e mc e m e re—en e e meaAt e n e ————————————————

REKWD (5,3040) (32(4),63(1),I=1,NuB)
HRITE (6430582 (82(1),83(1),I=1,Nu3)
WalITE (1,30640) (82(1),83(1),1=1,N08)

IF (1FONT ohne 1) GO TO 9090

00 ¢07u I=1,KNuS
(e~mmwemccccccaccmccesmoacmcemecemsmaana———~ ————— rrmmmarcumeesaamceaenan
c LATA CARD SET 33
P temcmetmecmmm—e—c——————

READ (5,3040) (P32(1,J),P33(1,J),J=1,N08)
NRITE (653C50) (Pu2(1,J),PB3(1,4),J=1,0E)
HITE (L,3040) (P32(I,J),Fd3(1,J),J=1,N0B)

9070 CCNTINVUE
GG TC 3930

9630 CCNT1NUC

(neecccmemamemcmacemcamccasreacccac—ans wenmaa= Sy
c GATA LARD SET 3Ju
(ecmecmmcemcmecmmdenetacne_ramee—e e as car W e - ———— crmecmcrns e c——n————

READ (5,3020) I.lASS
WkITe (6,3030) ICLASS
Hk1Te (1,3020) ICLADS
9090 CCNTLIMUE
365 FURNLATI 15,3F12.2)
96 FOrMAT(12X,15,3F12.2)
907 FURNMAT L 15,3F12.2)

97U FORHBAT( F3l0'5F7.2'F500,"10.7’F5
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PR1
FR1
PR1
PR1
PR1
FRL
PR
FR1
PR
FRL
PR1
PR1
PRI
PRl
FP1
Pr1
PRY
PR1
FR1
Fikl
FR1
FEL
FR1
PR
PR
FR1
FMCD
PR
FR1
PRL
nl
PR
FR1
Fll
FRL
PR1
Fey
PR1
Fal
PR1
PR1L
PR
PR1
PrR1
PR1
FrR1
PrR1
PR1
PR
PK1
PRY
FR1L
[ {¢]]
FrOC
F¥00
FroC

228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254

256
257
258
259
260
261
262
€3
264
2€5
266
2¢€r
2€8
2€9
270
271
272
273
274
_75
276
277
278
279
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971 FORMAT (12X ,F3+0,5F7.24F5.0,F10,7,F5.1) FM00D 10
950 FO&KHMAT (//713H CARD SET 36) FMOO 11
990 FOUKMAT (/7134 CARD SET 37) FHOC 12
7601 FUAMAT (2I%) FH0D 13
7002 FOrKAT (/7228 FOIL BATA LARG INFUT) FucC 16
7063 FURMAT (/7/732H1 HYIORCFCIL VESSEL HWITH FOILS upP/) FMOD 15
7004 FORKQT(//3Q¥1 HYJRCFuIL vESoEL WITH FOIL3 DOWN/) FnoO0 16
2212 FOXMAT (/721X31n1,9Xy1H2,9X 5143 ,9X 31Hly3X41H5,9X,1H693Xy1HT,9X,1H8/ FNOO 17
24X 0hL0LIMNS ,0(10H12345067040)) FNCO 13
2213 FORAAT (/14X 2HHF y 9%y YUHFVOL ,8 X, LHF XC8,3 X, 4HFZC37) F¥00 19
2244 FURMAUT (/712X33hCPL, 33X ,4HSFAN,ZX,SHLHCRD,y 3X, LHX (S) yuX,1HY,6X,1HZ,2X FNCO 20
296HOORILIA Y IX 9 3HCLZyS Xy 3HASP/) FN00 21
R e i i bl bt it b L R b Dl bt bt bl d --=- FNKCD 22
c OATA LAFD SET 35 FH0O 23
(ovnccemnnencacaa= sesceccesccccccccccconscan Rl e D S tudutnd -~=-« FNCO 2&
c HYuROFCiL VESSEL WITH FOILS UF - IFOIL=% FXCD 25
L HYURCFOLlL VESSEL dliH FCILS CCHN - IFOIL=2 FKOOD 26
C ERINTLUT OF MATxIX EQUATIONS (NU = 0 , YES = 1) FXOD 27
c FHMCO 28
READ(S5,7001) IFOIL,IFRINT FMCO 29
IF(IFCl.e «NE. 2) IFOIL=L FMCO 390
WRiTE(1,7C0%) iFOlL FNXCO 31
IfF(1FulL-1) 9031,9691,50932 FLOO 32
9091 WrITE(6,70033} FrOC 33
60 TO S515 FrOD 34
3092 HKiTz(6,70J06) FrCO 35
WRITE(6,7022) FrCo 26
WRiTE (6, 2212) FMCD 37
Cemmmccnccacscnscccnnccccccrcans R weememesccamcscsncsrcncsccnrcnna FHCOD 38
L DATA LARD SZT 36 FHGD 39
Lommoom e e e e e e e e e e e e e e e - mee e ee s Se—cmces~o~ Fr¥CcC 60
C NUHCLR CF INPUT FOIL ELEMENT>, OI>PLACEC VOLUME (HCrO**3), FrCO 41
C LONGITUCINAL CuUNTZR CF SOYAKRCY FrOM FoP, ANO VEKTICAL CoeNTEK uf Fuco L2
C BOY ALY FROM WATERLINE (HURuU) OF THe wlMTIKE HYURGFOLIL SYSTEN FrCO 43
¢ FHCO L0
REAC(5,91)5) NF,FJOL,FXCd,F2Cx FrCO 45
WKITE (0y 530) FMOO 46
HKITe(6,2213) FHCOD 47
HkITE(by 506) NF ,FVOL,FXC3,FZC8 FXCC 48
WKITE(L1,307) KRF,FVCL,FXCB,FZCB F®CO 49
HRITL(6,83)) F¥CO sa
HEk1TE (B, 2214) Free 51
00 100 I=1,NF FACD 52
ol bl b e ket d s b L a DL FrOO 53
L OnuTA LARD S_T 37 Fuce 5S4
o O e T P - FPC3 o5
L Full ELEdENT IN VERTICAL uCOKRTER PLANE (LPL=1. FOK YLS, CPL=2., FCR FrCo 56
c Nu) 3 HYUSCFULLIL ELCMENT SPAN (F1), CHORT (FT), LLCRUINATES X,Y,2 F*CO S57
c OF MIUKFCINT (FT), LL1HuDRAL ANGLe UF V~FCIL (D=G),y VLRTILAL LIFT F®CT 58
C SLOFt (RC<D2/HO<U)y ASF IN THE FALTuUx At/ (AR ASF) FOx FINITE FroC 58
c SPAN FMCO 60
C FrOD 61
KehAD(5,370) CPL(I),SPAN(I),LHOILO(I),S(I),YF(I),2F (1) ,uGCANNA(TIY,CL FHCC 62
2ZL4) ASKLI) FreG 63
HR1TE(6,371) CPLIL)ySPAN(I) yoHORU L) yS{LI,YF (XY, ZF (1) ,0GAMNMALL) ,CL FMCCT 64
22(1),A32(1) F800 65
JHKITE(1,370) CPL(L) ,SPAN(I) ChORDUL) yS(I), YFLI),42F (1) ,0GARMA(I),CL FMCO 66
55
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22011 ,ASP(I)
109 COANTINUE
WRITE(6,2212)
9515 CONTINUZ
KRITE (6,8008)

X6 = Q.

FACT=0,017453233
C==-=-=ALGOKITHH TG CO4PUTE SECTION KIDTHS==-= R

955

956
2000

2

2

2
957

NUT

NiA
NOS

ST=
Do=
53¢

sl alelalsNelelulalel

90610

EPS = 0.001

K =2 .

SECT8 = ST1(1)

OIFF = ST1(2) - ScCT8

SECTE = §T1(2) ¢+ OIFF

IF (5eCTe o6T. (ST1(3)+EPS)) GO TO 956

IF (LOS(SECTE=ST1(3)) +LE. EPS) SECTB = ST1(2} - 0.5¢DIFF
NgS = NST - 2 -

00 855 N=1,NUS

K=N¢1

ST(N) = ST1(K)

OIFF = STL(K) - SECTB

SELTE = ST1{K) + DIFF

IF ((K+1) JEQ.NST +ANO. SECTELGT. (STL(NST)¢EPS)) GO TO 956
IF ((K+1)LToNST LANC. SECTEGE. (ST1(K+1)-EPS)) 6U TO 956
OS(N) = SZCTc =~ SECTB

SECTH = ScCTE

CONTINUE

GG 70 957

WRITE (6,2000) >TL{K))ST1{K+1),SECTE

FURHAT (*1 STATIUN NUHBEr ERXOR ~*/13X,*SECTION ASSOCIATEU *

SHITH STATLUN®*)F8.3,* INCLUOLS STAT1O0N*,Fy,3,*,*/13X,

*2NL OF SaCTION =+,F8,3,%. CORRECT STATION NUMBERS ANU RERUN.*/

26Xy *~ PRUGRAN 3TOP -*)
STop
CONTLNUE

SNUMELR OF OFFSETPOINTS FUKR EALH SECTION
3=NUMSER COF HASSPCINTS
SNUBLER OF STATIONS

1o 1MUT
THE DISIANCE FROH FORHARD FEXPENDICULAR TO THE STATIONS
THE LENGTH OF THE STATLONS
An=THe dzAHd OF THE SHIP

EL=ELL/2.0

el 2=l %o

EL3=EL2%EL

ORAFT = Au3{Y(10,NUT))

00 9060 I=1,K2

J = STL(L) + 0001

IF (J «Ee 10) ORAFT = ABS(Y(1-1,NUT))
OHAX = DRAFT

0U 5 K=1,H0S

30 5 J=1,4NUT

TExM = A3S(Y(K,J})

IF (uHAX LT. TERH) OMAX = TERK
30 2v0 K=1,NUS

56

1T=0 MeuhiSDLNeRTIAHIMNTS,,1MASS AND CENTEx OF GRAVITY FOR EACH SECTICN

FM0D
FMOO
F®00
FXOC
PRL
PR
FRSY
PrR1
PR1
FR1
PR1
FRL
PR1
PR1
PRY
PR1
PR1
PRL
PR1
Fr1
PR1
PR1
FRL
PR1
PrR1
PR1
PR1
PR1
FR1
PR
PR1
PR1
PRL
PR1
FRY
PR1
PRL
PR1
PRe
PR1
PRY
PR1
PR1
FR1
PR1
FRL
PRL
FRL
PR1
Fr1
PRY
PRE
PR1
PR1
PR1
PR1
PKRL

289
290
291
292
293
296
23S
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
J1b
315
316
317
318
319
320
J21
322
323
324
325
326
327
328
329
330
31
332
333
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ocoono

cooonhcocoo0 o

ST(K)=STIK)*ELL/20. FR1
200 COKTINUE . PRl
IF(LIT) 70,271,770 PRL
79 CONT InUE FR1
PR1
26=2~COORCINATE OF CENTEx OF GRAVITY WITH RESPECT T0O THE CHOSEN PRY
COURUINCTE=-SYSTer IN WATcRPLANE PRI
GG T0 72 PR1
71 COnTINUE . PRE
FRL
CALGULATE TJTAL MASO=TMAS PR1
LALLULATE CeNTER OF GrAVITY PR1
LALVULATE HoMENTS OF [NERTIA wND CENTRIFUGAL MOMENTS PR1
PR1
THAS=0.0 FR1
XG=0.0 PRL
26=0.0 FR1
00 v 1=1,KMAS PR1
THAS=TMAS¢PHMAS(I) FRL
XG=XG+PMA3(1)*XNHAS(]I) PRI
26=Z6¢FPHAS (1) *ZHAS(]) PR1
9 LONTINUZ Pr1
X6=XG/T4aAS PR1
26=2G/T#aS PR1
EI4u=0.,0 PR1
EIS5=0.0 PR 1
cI66=0.0 PRL
EI14€=0.3 PR
DO 16 I=1,NMAS PR1L
XMAS (1)=XNAS(I) =-XG FR1
10 SONT1INLc FR1
00 11 I=1,.MAS PR
L02=24LS (1) **2 FrR1
EIHb= [u4+PMAS(I)®(202¢RRu(])**2) PR1
EI6S=E Ivu+PYAS(I)* (2024XMAS(]) **2) PR1
E166=Fioh+PHAS (L) *(XMAS(I) **2+4YMAS(I)**2) PR1
E146=c [Ho¢PHAS (I) *XHAS (1% ZMAS (1) PR1L
11 CUNTINU: PR1
EIwbL=FEIq«/THMAS/ELL/ELL FR1
E155=E155/THAS/ELL/ELL PR1
Eleb=t165/TMAS/LL/ZELL FR1
ealb=e J4n/THAS/ZZLL/ZZLL* (~1,) PR
72 CONTINLE FR1
FrRL
Elty= (FLLL-KROIUS OF GYRATION/L)®*2 PR1
£159= (F1TCH-RAUaU> OF GYRAT ICt/L) #?2 PR1
EL66= (YAH-<A0LUS OF GYRATION/L)®*®#2 PR1L
EIGb=CENT RLFULAL=-NOMENT~X-2/KASS/L/L FR1
PrR1
PR1
CALCULATICN UF HYCRUSTATIC QUANTITIES Pk
PR1
SQAK(12=0.0 FR
Al4(1)=0.1 PR1
SAS(§1=0.0 PR1
HBM{1) =0.0 PR
57
R o
2 A

0S(K)=CS(K)*ELL/20,

PR1

32
335
336
317
338
339
340
341
342

3437

34l
345
346
347
3u8
349
350
351
352
353
354
355
356
357
358
359
3€0
361
3e2
363
364
305
366
J€7
308
369
370
371
3172
373
374
375
376
377
378
379
380
384
3482
333
334
3435
386
387
388
339
RE11]




HB3(1)=0.0 PRY 391

MOK=NCS PRL 392
HACENUSHL FRL 393
HUGZHAC+L PRY 39%
SQaR (HuYI =040 PRL 355
AM(MUD)=0.0 FR4 396
SAS(MUCT)I=0,0 PR1 397
Hu®{MuD) = 0.0 PR1 338
HB3(MUC)=0.0 PR 399
$S(1) = 3T1(1)/10. PRL 400
SS{MUL) = >T1(NSTI/10. . FRL 401
DO 13 K=2,MAD FR1 %02
IP1=K-1 . PR1 403
SS(K)=ST (IP1) 7EL PR1 &40%
80 17 J=1,NUT FR1 %05
X1 2X(1P1,J) /EL FR1 406
Yilad)=Y(1P1,J) 7EL PR1 07
XY (JI=XI(I*YI(SH PR1 408
17 CONTINLLE FR1 409
SQAK(K)=2,0%ABS (SIMPUH(YL,XI,NUT)) PR1 810
AM(K)==2,0*SIMFUNIYI,XY,NUT) ER1 411
SAS (K) =S5 (K) *SQAKRIXK) FR1 412
HB3(K)=2,#X{IP1,1)**3/EL3 PRL 413
13 CONTINUE PR1 414
TVOL=>IMPUNI(SS » SOAR, KUD) PR1 415
TPST=S1A2UN{SS,SAS,HLCI/TVOL PR1 416
TPCH=S IMPUN(SS 4HB 3, MUC) PR1 417
CBVZ0.5*S1MPUN(SS, AN, #UD) /TVOL PRE 418
IF(IFOIL-1) 51,51,52 FMCO 14
52 FXuozFXC3I/EL £MCD 72
FZCH6=F2C3/7ZLL FMCD 13
FVCL=FVCL/EL3 “ £NOD T4
HVCL=TVOL £¥0D 75
TVOL=HVUL4FVCL FMO0 76
TPST=(TPST*HVOL ¢FXCB*FVuL) /TVOL FrGO 77
CBV=(CBY*HVUL+FZC3*FYUL) /TVOL FMCO 78
51 CUnTINUE FROO 79
RHO=THAS/ (TVOL*L 3) FH0C 80
WHS=CBVITPCH/3.0/TVOL*0.5 FRY 419
¢ PR1 420
C TVULSVULUH: OF THE HULLZ(L/2)**3 PR1 421
C TPST=LCHGLTUULINAL CENTmR OF QUYANCY/Z (L/2) PRY 422
L C3V=VErTILAL CENTER OF BOYANCY/L PRS 423
C CHC=METRULENTER HELIGHT OVER WATERPLANE/L ER% 424
c PR1 425
o PR1 426
€ ULALSULAT1CN GF HEAVE-HEAVE,PITUH~PITCH,HEAVE-PITCH nESTORINu CUEFFICI FR1 427
C PR1 428
DU 22 K=2,MAD FR1 429
IP1=K-1 PRY 430
35(K)=ST(IPL)/EL PR1 431
HuP(K) =X(IP1,1) /EL PR 432
22 CUNTINLE PRI 433
DO 26 K=1,MUD PR1 634
SPDB=55(K) =TPST FR1 435
>PY=-SF) PRY 436
SHB(K) =>PO*HEM (K) * (~14) FR1 437

58
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1

HSB(AR) =320 SHS(K)*(~4L,) FRY

26 CUNTINLUF PRy
CF3326.0% 0 [MPUNI3S ,HEM, MUD) /TVOL FR1
rH352=C, 1% 5. MPUN(3D>,y 03, AU 7T VOL PR1
RHS5S =S IMPLH >3, Hak, 1LD) /TVOL Pr1
COMZRISIZO/ELL -CAC) PR1
NCN=NUT=-1 2R1
FR1

IXAST=hUNder UF THY STATION HHzke 3EPARATION IN WLTOFPLANE BEGLN Ph
FR1

CALL FRIRTI PR

ke TURKL PR
END PRI

PN1

------ VERSION &4 = COC 6700 - P R I NT 1 = JUNEy 1972«=ccc—accaawaPN]
PN1

SUBROUTINE PRINTI PNL

COMMON AM(27) sNUT NMAS,NOS ST (25) +0S(25) ¢ ELIELLsX(25¢8) ¢ Y (25:8) «PMPN]
1AS(27) « XMAS(2T7) +ZMAS(27) +RRGI(P?T) o XG1ZGy TMASWETLL,EISS,ET166.F 146, TPPNI
2STIRFIIWRMIS 4 RMSS OCGMDIP K Ny TVOL ¢ALFA(40411) 4BETA(40+11)HDG(10)PNIL
FsFN(S) +BAM(I0)4CDG(10) vSDG()0) sOMAX S OMININFR ¢NOK ¢NOB¢NOH,OMEN(40) 4PN
GFR(T 6} o XX{25+T) e YY(2547) «DEL(2547) +SNE(2597) 4CSE(25+7) «EN1(2547) +PNI1
SUNIOMEGA«ID«TITO(12) +WORD WNONJIXASTWHOGYI{10) «IT+CBVCMC+PRNTOP PN1

COMMON ST1(27) s YHAS(27) +BEAMNRAFT +OMAX+ IRReMLIENDIRILGE . IPRESs PNI
2VNY +GRAV s AMODL yMOD ¢ AKEELL +BEAMKL 2 ITS(25) yRD(2S) +RFD(25) +DELTAD (PS)PNI]

2+RKD(25) +SD(25) +COSPHND (25) +PHIN(25) + STPR(25) » THHD (50)
COMMON NwSTP .+ INWSTP(12)

PN1
PN1

COMMON /TEMP/ ST2(29)4051(27) +XMAS]1(27) +SOAR(27) +SAS(27) +HBM(27) +PN]

2 HB3(21)+SS{2T) e XT(8) oY (8) o XY(8) +SHB(27) +HSB(27) sDUMI(4T704) PN1
59
L -~ N
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L38
439
Lug
LLy
XY
443
Lyt
445
Lug
Lu?
4e3
Lug
nEg




A

COMMON /L OOPRN/ STLDI24) «MNRN2,WORDI, IDAMP, IPRCNT+A2(5) +B3(S)s PN}
2 PB2(25+5)+PB3(25+5) 4 ICLASS PNI]
INTEGER PRNTOP £N1

NATA MIN /3IKMIN/ PN1

10 FORMAT{ZORONUNBER OF HEADINGSw»16) PN1
11 FORMAT(10H HEADIN -RF10,4) MY
12 FORMAT (26HONUMBER ur FROUDE NUMBERS=®16) PN}
13 FORMAT(16H FROUDE NUMRERS~B8F10,4) PN1
14 FORMAT(®ONUMBER OF WAVE STEEPNESSES=®l16) PN1
1S FORMAT(® WAVE STEEPNESSES-¢1216) PN1
16 FORMAT (23HONUMBER OF WAVELENGTHS=16) PNi
17 FORMAT (14H WAVELENGTH/L-8F10.4) PN1
299 FORMAT (1H]1.1246) PN1
300 FORMAT(///) PN1
301 FORMAT(103H DEFINITIONS, OUTPUT SCALING INFORMATIONs DIMENSIONALIZPN!
1ATION FACTORS, AND COORDINATE SYSTEM DESCRIPTION} PN1
302 FORMAT (e M=DISPLACEN MASS VvaD1SPLACED VOLUME . PN1
2 *RC=NENSITY OF FLUID (M/V) GwACCELERATION OF GRAVITYs) PN1
3035 FORMAT (e FNxFROUDE NUMBER B=REAM LwLENGTH BETWEEN PERPESPNI

2 eNDICULARS®/® AMPL,=AMPLITUDE ReWAVE AMPL | TUDE
2 *ENGTH KaWAVE NUMBER (360 DEG/LAM)
2¢ PHASE=PHASE LAG (DEGREES) WITH RESPECT TO THE MAXIMUM WAVE e
2 SELEVATION AT THE ORIGIN OF THE XeYs2Z COORNDINATE SYSTEM,s)

304 FORMAT (e WExWAVE FREQUENCY OF ENCOUNTER (RAN/SEC) .
2 SYE(ND)= WE ®,1He,® SQRT(L/G) (NONDIMENSIONAL)S)

305 FORMATI27M A(1+1)2ADDED MASS IN SURGE4X+26H A{2,2) =ADDED MASS IN
1GWAY 44X +2TH A(3+3) wADDED MASS IN HEAVE+4X+28H A(4,4)mADDED MHOMENT
2IN ROLL)

LAM=WAVEL*PNI1
Ko, 1He,5RsWAVE SLOPEs/PW®

PN1
PN1
PN1
PN1
PN1
PN}
PN1

305 FORMAT(29H A(S+S)=ADGED MOCUENT IN PITCHe&X+27H A(6+6) wADDED MOMENTPN]

1 IN YAW4X44TH A(3+5)=COUPLED ADDED MASS FOR PITCH INTO HEAVE)

PN1

307 FORMAT(4SH A(2.4)3COUPLED ANDED MASS FOR ROLL INTO SWAYs4X,44H A(2PN]

1+6:=COUPLED ADDED MASS FO2 YAW INTO SwAY)

308 FORMAT (4AH A(4.6)xCOUPLED 1DDED MOMENT FOR YAw [NTO ROLL)

309 FORMAT (214 BI(1+1)3SURGE Da<4PINGe4X+20H R(2+12)2SWAY DAMPING+6X+2]1H
1B(3+3)2HEAVE DAMPING+6X 20 B{4+4)=ROLL DAMPING)

PN1
PN1
PN1
PN1

310 FORMAT(21H B({5:5)aPITCH DL1+PING+4Xs19H B(6+6)mYAW DAMPING,4X+40H BPN]

1(3+5)=COLPLED PITCH INTO -TAVE DAMPING)

PN1

311 FORMAT(38H B(2.,4}3COUPLEC >ILL INTO SWAY DAMPING+4X+37H B(2+6)=COUPN]
1PLED YAW INTO SWAY DAMPIANG,4X,37TH B(4,6)=xCOUPLED YAW INTO ROLL DAMPN1

2P 1NG) PN1
312 FORMATI63H A(l+114A(2+2) 2.0 A(3+3) ARE DIMENSIONED WITH RESPECT TPNI
10 MASS. 12X 68H AlLsb) sA(S+3)vA(6es6) AND A(4,6) ARE DIMENSIONED) PN1
313 FORMAT(26H WITH RESPECT TN MASSOL®L,+2X165H A(3,5)+A(2+16) AND A(2+PNI]
14) ARE DIMENSIONED WITH RFSPECT TO MASSeL.) PN1
314 FORMAT(100M THE DAMPING C 3FFICIENTS ARE DIMENSIONED WITH RESPECT PNI
1TO THE CORRESPONDING FACT2S # SQPT(G/L). ) PN1
31S FORMAT (#0EXCITING FORCES ARE SCALED 8Y #.7HM#GeR/L+®, . PN1
2 *EXCITING MOMENTS ARE SCALED BY #1SHMOGeR,1H.) PN1
316 FORMAT (® SURGE.SWAY AND HEAVE MOTIONS ARE SCALED BY R, . PN1
2 *ROLL+PITCH AND YAW MOT!?NS ARE SCALED BY X®,3H#R,/ PN1
2 ® SHEAR FORCES ARE SCALED BY #;10HRO®GSB*L*R.*, MOMENTS ARE #PNI
2 *SCALED B8Y *¢13HRO*GeR*{ 3L*R,) PN1
317 FORMAT(63H THE REFERENCE <J0RDINATE SYSTEM FOR THE MOTIONS IS AS FPNI
10LLOWS =) PN1
318 FORMAT(114HOTHE ORIGIN IS 3N THE CENTERLINE AND LIES IN THE LOAD WPNI
1ATER PLANE WITH A LONGIT."iNAL LOCATION THE SAME AS THE CG.,) PN1
319 FOPMAT(76H THE X-AXIS IS ..ONG THE CENTERLINE AND POSITIVE IN THE PNI
IDIRECTION OF THE AP,»2X9374 THE Y=4XIS IS POSITIVE TO STARBOARD.) PNl
320 FOPMAT (324 THE Z-AXIS 15 =OSITIVE UPWARDS.) PN1

321 FORYAT (8BHOTHE POSITIVE D:RECTIONS OF THE MOTIONS ARE THE SAME AS
1THE POSITIVE DIRECTIONS C7 AXES.)
322 FORMAT {1204 THE REFERENCE COORDINATE SYSTEM FOR SEA-LOADS HAS ITS

PN1
PNt
PN1

1021GIN ON THE CENTEPLINE <% THE STATION AND AXES PARALLEL TO THE )PNI

323 FOAMAT(31H MOTION COORDI'“sTE SYSTEM AXES,)
431 FORMAT (® THE LENGTH DI™3NSION USED=®,A64%.

1TICS OF THE SHIP)
60
P S L Y T e
ST e
" Ak PR N P -

PNl

THE FORCE DIMENS*PN1

PNi
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proee

2 FORMAT(8F10.4)
33 FORMAT(20HONUMBER OF STATIONS=16)

PN1
PNI

36 FORMAT (133HODISTANCE FROM THE F.P, TO THE STATIONS USING A SCALE OPN]
IF L.B.P.=20.0 (A MINUS SIGN INDICATES THAT THE STATION IS FORWARD PNI)

20F THF F,.P,))
37 FORMAT(17H STATION SPACING-)
39 FORMAT (37HONUMBER OF OFFSET POINTS PER STATION=]2)

PN]
PN1
PNl

40 FORMAT(60M OFFSET POINTS(EXCLUDING THE EXTREME FORE AND AFT STATIOPN]

INS) =)
42 FORMAT (10M STATION FA,3)
43 FORMAT (4B Y- BF10,4)
44 FORMAT(4H Z- BF10,4)
45 FORMAT (?2IHONUMBER OF MASS POINTS=[6)
46h FORMAT (2SH MASS FOR EACH MASSPQOINT-)

PN}
PN
PN]
PN1
PN1]
PN}

47 FORMAT(69H MASS POINT COORDINATES IN THE MOTION REFERENCE SYSTEM(OPN]

IRIGIN AT CG).,)

4«8
31

FORMAT (4H 2~ BF10,64)

FORMAT (Y1 HOLENGTH BETWEEN PFRPENDICULARS=F10,4)

FORMAT (174 BEAM AT MIDSHIP=F10,4)

FORMAT (12H TOTAL MASS=F10.4)

FORMAT (12K (ROLL-RADIUS OF GYRATION/L)®#2=E]4,6)
FORMAT (334 (PITCH~-RADIUS OF GYRATION/L)®®#2aF14,6)
FORMAT (31H (YAW-RADIUS OF GYRATION/L)®*#23E14,6)

FORMAT (39H CENTRIFUGAL MOMENT YAW-ROLL/MASS/Le#2=€14,6)
FORMAT (/27H DISPLACED VOLUME/(L/2)**3ef14,6)

FORMAT (38K LONGITUDINAL CENTER OF BOYANCY/(L/2)#E14.6)
FORMAT (310X VERTICAL CENTER OF BOYANCY/L=El4,6)

FORMAT (374 MFTACENTER MEIGHT QVER WATE-PLANE/L=E14.6)
FORMAT (ISH HEAVE-HEAVE RESTORING COEFFICIENT®E]4,6)
FORMAT (1SH HEAVE-PITCH RESTORING COEFFICIENT=Ej4,6)
FORMAT (35K PITCH~PITCH RESTORING COEFFICIFENTaEL14,6)

PN1
PN
PN1
PN1
PN1
PN1
PN]
PN1
PN1
PN1
PN1
PN]
PN]
PN1
PN1)
PN

FORMAT (61H DISTANCE OF CENTER OF GRAVITY FROM THE FORWARD MOST STAPN]

1TION=E 4. 6)

FORMAT (26H Z-COORDINATE OF THE C.G.»El4,6)

FORMAT (S1H0 ADDITIONAL INPUT DATA)
FORMAT (4HOITx1648XsTH [XAST=16)

FORMAT (4BHOSECTIONAL MASS AND MASS DISTRIBUTION INPUT DATA)
FORMAT (26H XMAS FOR EACH MASS POINT=)

FORMAT (26H YMAS FOR EACH MASS PO[NT-)

FORMAT (2AH 7MAS FOR EACH MASS POINT-)

FORMAT (?SH RRG FOR EACH MASS PQINT-)

8000 FORMAT (® STATION SPACING-*)
8010 FORMAT (9Fls,k)
C
C OoutPyr
c
IF (PRNTOP L.EQ., MIN) GO TO 2000
WRITE (64299) TITO
WRITE(64300)
wRITE(6,301)
WRITE(6+300)
WRITE (6+302)
WRITE(64303)
WRITE (64306)
wWRITE (64300)
wRITE (64305)
WRITF (64306)
wRITE(64307)
WRITE (6+7308)
WRITE (64309)
WRITE(6+310)
WRITE(6.311)
WRITE (64300)
WRITE (6,312)
WRITE (64313)

WRITE (64 316)
61

PN
PN1
PN1
PN1
PN1
PN1
PN]
PN1
PN}
PN1
PN1
PN1
PN1
PN1
PN1
PN1
PN]
PN1
PN]
PN1
PN1
PN}
PN
PN1
PN1
PN1]
PN1
PN1
PN1
PN1
PN]
PN1
PN1
PN1

11
11s
1156
11?7
118
119
129
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151

e




v

41

T4

73

920

20

T . T

WRITE(64315)
WRITE(64316)
WRITE(6+300)
WRITE(64+31T)
WRITE(64+318)
WRITE(64319)
WRITE (6+320)
WRITE(64321)
WRITE (£4300)
w1\ rYIJLCC?
WRITE(6+323)
WRITE(6+300)

WRITE (6+431) WORD.WORD24WORN3
WRITE (64324)

WRITE (64,300

NOS2 = NOS ¢ 2

WRITE(6+33) NOS2

WRITE (6436)
NOSHAL=NOS )
NOSHILNOSHAL +2
WRITE(6+2) (ST1(K) +K=]4yNOSHIL)
WRITE(6+37)

WRITE(6+2) (DS(K) +Km]l«NOSHAL)
WRITE(6439) NUT

WRITE(6440)

DO 41 Kx=],NOSHAL

IKzKe]

WRITE(6+42) (ST1(IK))
WRITE(6¢43) (X(KeJ)eJmioNUT)
WRITE(6+44) (Y(KeJ)eJm]lyNUT)
CONT INUE

IF(IT) 73474473

CONT INUE

WRITE (64+45) NMAS

WRITE(6446)

WRITE(642) (PMAS(1)¢I=]4NMAS)
WRITE (6447)

WRITE(5443) (XMAS(1)sIx]14NMAS)
WRITE(6¢48) (ZMAS(1)+1x=]1.NMAS)
CONTINUE

WRITE(6+31)ELL

WRITE(6+325) BEAM

WRITE(6455) TvoL

WRITE (6¢56) TPST

WRITE(6+57) CBYV

WRITE (6+58) CMC

WRITE (6+59) RF33

WRITE (6+60) RM35

WRITE(6+61) RMSS

WRITE(6+62) X6

WRITE(6+63) 26

WRITE (6+50) TMAS

WRITE(6+51) El44

WRITE (6+52) EISS

WRITE(6+53) EI66

WRITE (6¢54) ET146

WRITE(6+900)

WRITE(6+910) IT+IXAST

1F(IT) 1000492041000

WRITE (64930)

WRITE(6+940)

DO 20 I=x=]4.NMAS

XMAS) (1) =XMAS(]I) +X6

CONTINUE
WRITE(6+:2) (XMASI (1) ¢eI=14NMAS)
WRITE(6+950)
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PN1
PN1
PN1
PNl
PN1
PN1
PN1
PN1
PNl
PN1
PN}
N1
PN1
PN1
PN1
PN1
PN1
PN1
PN1
PN}
PN1
PN1
PN1
PN1
PN1
PN1
PN1
PN1
PN1
PN1
PN}
PN1
CH
PN1
PN1
PN1
PN1
PN1
PNl
PN}
PN1
PN1
PN1
PN1
PN1
PN1
PN1
PN1
PN1
PNl
PN1
PN1
PN1
PN1
PN1
PN1
PN1
PN1
PN1
PN1
PN1
PN1
PN1
PN1
PN1
PN1

152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
i76
177
178
179
180
181
182
183
184
185
186
187
188
189
150
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217

aak




r

=

1000

9003
591
592
594
595

6
596
8001

651
597

598

S99

9001
410

601

602

603
650

653
604

652
655

S060
2000

WRITE(6+2) (YMAS(]I) s Ix]1 «NMAS)
WRITE(6+4960)

WRITE(6¢2) (ZMAS(I) s Is] +NMAS)
WRITE(64970)
WRITE(6+2) (RRG(I) +sI=]14NMAS)
CONTINUE

WRITE(6+10) NOM

WRITE (6«11} (KOG {SJi v JJm1 +NUH)
WRITE(6+¢12) NOB

WRITE(6413) (FN(JJ)JJ=1,NOB)
WRITE(6414) NWSTP

WRITE(6415) (INWSTP (JJ) v JUm]1 +NWSTP)

WRITE(6+16) NOK
YRITE(6417) (RAM(LL) +LLx]4NOK)
WRITE(6+3003)

FORMAT (29H1ADDITIONAL INPUT INFORMATION)

WRITE(6+591) IEND

FORMAT (6HOIEND=16)

WRITE (6+592) IBILGE

FORMAT (8H IBILGEx]6)
WRITE(6+594) VNYsGRAV»AMODL +MOD

FORMAT(SH VNY=2F10,8¢2X96H GRAV2F10.4+2X+s7H AMOOL®F10,4¢+5H MOD=16)

WRITE (64595)

FORMAT (BHOITS (K) =)
WRITE(6¢6) (ITS(X) ¢Kul,NOS)
FORMAT(1615)

WRITE (6+596)

FORMAT (THORD (K) =)
WRITE(648001) (RD(K) +X=]13NOS)
FORMAT (8F10.4)

GO TO (651,650)+IBILGE
WRITE(6+4597) AKEELL BEAMKL

FORMAT (8BHOAKEELL=F10,442X+8H REAMKL®F10,4)

WRITE (6+598)
FORMAT (8HORFD (K) x)
WRITE(64410) (RFO(K) 9Kx14NOS)
WRITE (61599)
FORMAT (11HODELYAD (K) =)
WRITE(5+410) (DELTAD(K) +K=14NOS)
WRITE(6+9001)
FORMAT (8HORKD (K) =)
WRITE(6+410) (RKD(K) +K=14NOS)
FORMAT (12F10.4)
WRITE(64+601)
FORMAT (THOSOD (K) =)
WRITE (6+410) (SD(K) ¢K=1:N0OS)
WRITE(6+602)
FORMAT (11HOCOSPHD (K) =)
WRITE (6+410) (COSPHD (K) +K=14NOS)
WRITE(6+603)
FORMAT (9HOPHID (K) =)
WRITE(6+410) (PHID(K) +K=14NOS)
CONTINUE
GO TO (653+652)+IPRES
WRITE (64604)
FORMAT (9HOSTPR (K) =)
WRITE(6+8001) (STPR(K) +K=14NOS)
CONTINUE

WRITE (64655)

FORMAT (9HOTHMD (K) =)

WRITE (645060) (THMD (K) +K=] ¢NHF)
FORMAT (12F10,4)

CONTINUE

CALL SEPART (1)

WRITE (1+8000)

WRITE (1+8010) (DS(X)K=1,NOS)

63

PNl
PNl
PN}
PN1
PN1
PN1
PN}
PN]
PN1
PN1
PN1
PN1
PNl
PN1
PN1
PN}
PN}
PN1
PN]
PN1
PN1
PN1
PN1
PN1
PN1
PN1
PN]
PN1
PN1
PN1
PN1
PN1
PN1
PN1
PN1
PN}
PN1
PN1
PN1
PN]
PN1
PN1
PN1
PN1
PN1
PN1
PN1
PN1
PN]
PN1
PN1
PN1
PN1
PN1
PN1
PN1
PN1
PN1
PN1
PN1
PN1
PN1
PN1
PN1
PN1
PN1

218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
264
245
246
247
248
249
250
251

252
253
254
25s
256
257
258
259
260
261

262
263
264
265
266
267
268
269
270
271

272
273
274
275
276
277
278
279
280
281

282
283

i




WRITE(1+55) TvOL PN1

WRITE(1456) TPST PN1
WRITE(1.S57) CRV PN1
WRITE(1+58) CMC PN1
WRITE(1459) RF23 PN}
WRITE{1+60) RM35 PN1
WRITE (1+61) RMSS PN]
WRITE(1.62) X6 PN1
WRITE(1+63) 26 PN1
WRITE(1+50) TMAS ‘  PNI
WRITE(1451) Elss PN}
WRITE(1,52) EISS PN1
WRITE(1+53) E166 PN1
WRITE(1+54) Fla4é6 PN1
RETURN PN1
END PN}
C LK2
Covemee VERSION 4 - CDC 6700 - P R O 2 =~ JUNE, 1972-c=-== crmecmcanesaa| K2
C LK2
OVERLAY (LINK2+24+0) LK2
PROGRAM PROZ LK2
CALL SPRGI LK2
CALL SPRG? LK2
END LK2
[ SPi
Commmna VERSION 4 = COC 6700 -~ S PR G 1 = JUNEs 1972m~mwccccccecaaeaSP]
C SP1
SUBROUTINE SPRGI SP1
C sPl
C PROGRAMMER- W, FRANK+NSROC SP1
C SP1
COMMON AM(27) «NUT ¢NMASINOSsST (25) +DS(25) +ELIELL X (25+8) 1Y (2548) + PMSP1
1AS(27) s XMAS(27) +ZMAS(27) sRRG(2T) 4 XG+ZGs TMAS+ET44EISSIEI664E1464TPSPL
2STRF33¢RMIS4RMSSsDGMDIP 1Ko Ny TVOL«ALFA(40411)+BETA(40411)HDG(10)SP]
39FN(S) +BAM(30) +CDG(10) ySOG(10) yOMAX+OMINJNFRyNOKoNOBsNOH,OMEN (40) +SP1
GFRIT46) 1 XX(25+7) 0 YY(254T)oDEL (2547) +SNE(2547)+CSE(2547) +EN1(25,7)+SP1
SUN+OMEGA IDsTITO(12) +WORDINONy IXASTyHDG1 (10) s TT+CRV4CMC+PRNTOP sP1
COMMON ST1(27) «YMAS(27) +BEAMyNRAFT OMAX s IRR+ML 4+ IEND+IBILGF 4 IPRES. SPI
2VNY s GRAV 4 AMODL +MOD + AKEELL +BEAMKL 4 I TS (25) ¢+RD(2S) +RFD(25) +DELTAD (25)SP1
?+RKD(25) 15D (25) +COSPHD (25) yPHID (25) +STPR(25) + THMD (S50) SP1
COMMON NWSTP, INWSTP(12) SPl
COMMON /TEMP/ HD(10) +IK(27) +DUM3 (4963) sPl
MOM=NDOS-1 SP1
NIX=NOS-2 sP1
TOP=6.283185 SP1
NOSHAL =NOS SP1
00 22 K=x=]+NOSHAL SP1
ST(K)=ST(K)/EL SP1
N0 20 J=1.NUT SP1
X{KeJ)=X(KeJ)ZEL SP1
Y{(KeJ)=Y(KyJ)/EL SP1
20 CONTINUE SP1
DS (K)=0S (K) ZEL SP1
22 CONTINUE sP1
NO 110 JJ=l+NOH SP1
HDG (JJ)=180,0-HDG) (JJ) SP1
110 CONTINUE SP1
DO 168 JJ=]1+NOH SP1
HOR(JJ)20.017453293*HDG(JJ) SP1
SOG(JJY=SIN(HDR(JJ)) SP1
168 CDG(JJ)=COS(HOR(JJ)) SP1
C SP1
C CALCULATION OF NON-DIMENSIONAL FREQUENCY RANGES SP1
C SP1
QTMIN = 99999, SP1
OTMAX = 0, sP1
64
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i
DO 6000 N=]+NOH SP1 44 1
00 6000 M=],NOR SP1 &S
TERM = FN(M)*CDG (N) SP1 46
DO 6000 K=]1,NOK SP1 47
FACT = 6,283185/BAM(K) SP1 48
3 OTEMP = ABS(SORT(FACT) + FACT®TERM) SP1 49 =
] IF (OTEMP .LT. OTMIN} OTMIN = QTEMP SP1  So
] 6000 IF (OTEMP ,GT. OTHAX) OTMAX = OTEMP sP1 51 “
EPS =z ,000] : sP1 52 i
: SRLG = SQRT(ELL/GRAV) SP1 53
SRNG = SQRT (DMAX/GRAV) SP1 54
SRLD = SORT(ELL/DMAX) SP1 55
WEMAX = OTMAX/SRLG SP1 5S¢
FACT 2 WEMAX®SRDG SP1 S7
IF (FACT ,GE, l.) GO TO 6010 SPl 58
C IRREGULAR FREOUENCIES DO NOT EXIST SPl 59
IRR = 1 SPl 60
QMAX = OTMAX ¢+ EPS sP1 61
KFR = 10 SP1 62
GO TO 6020 SP1 63
C IRREGULAR FREQUENCIES EXIST SP1 64
6010 [RR = 2 SP1 65
BT = BEAM/DRAFT SPl 66
IF (BT .LE. 4.) CON = ,35 SP1 67
IF (BT .GT. 4,) CON = ,60 SP1 68
OMAX = (WEMAX®*SRDG ¢ CON)*SRLD SPL 69
6020 QMIN = OTMIN - EPS SPlL 70
CRIT = ,7¢SRLD sPl 7]
IF (QMIN ,GE. CRIT) QMIN = CRIT = EPS sPL 72
IF (IRR .EN, 2) KFR = (QMAX - QMIN)/(,05%SRLD) + ,9999999 sPl 73
: KFR = MINO(KFR+40) SPl 74 i
IF (NFR .LE. 0) NFR = KFR Pl 75 !
IF (OMIN ,LE., 0, ,OR. OMIN ,GT, OMIN) OMIN = QMIN SPL 76 ‘
IF (OMAX ,LE. 0., .OR. OMAX LT, QMAX) OMAX = QMAX SP1L 77
OMAX=0MAX*SORT (0,5) SPl 78
OMIN=OMIN®SQRT (0.5) SP1 79
} DO 18 Nal,NFR SP1 RO
- 00 18 L=z1,11 sPl 8]
: ALFA(N,L)=0.0 sPl 82
BETA(NsL)=0,0 SP1 83
18 CONTINUE SP1 R4
D0 19 K=1sNOSHAL sP1 8% i
DO 21 J=1+NON SP] 84 i
XXA(KoJ)z 58 (X (X9 ) +X(KyJs1)) SP1 87 .
YY(KeJ) =58 (Y{KsJ) oY (KoJel)) SPI 88 i
L) XINT=X (K¢ J) =X (Ko Js1) SP1 89 i
YINT=Y (Ko J) =Y (KyJel) SP1 90 i
NEL (KyJ)=SQRT (XINT##2+YINT##2) SP1 9]
SNE (K¢ J)2YINT/DEL (K4 J) SP1  ¢2
3 21 CSE(K+J)=XINT/DEL (K4 J) sP1 93
19 CONTINUE SP1 94
IK(1)=1 sP1 95
D0 15 K=24MOM SPl 96
3 15 IK(K)=2 Pl 97
1 IK(NOS) =3 SPY 98
NO 35 K=x1,NOS sP1 99
LIK=IK(K) sP1 100
GO TO(36427+28)4L1K sP1 101
36 CALL PORT(ST(3)+sST(1)sST(2)4P4QsRT) SP1 102
D0 29 J=14NON SP1 193
29 EN1(KsJ)=(SNE(1+J)*(0®XX(3sJ)~PoXX(2+J) +R*XX(19J))=CSE (14 J)* (0O®*YY(SP1 104 :
134J)=P*YY (20 J) sR*YY (10 )) ) /T sP1 105 -
60 T0 35 SP1 106
27 CALL PQRT(ST (K1) sST(K)sST(K=1)+PsQsRsT) SP1 107
DO 30 J=1,NON SP1 108
30 ENI(KyJ)=(SNE(KsJ) #(QO#XX(Ke] 0 J)~PoXX(K=10¢J) ¢R®XX(K¢J))~CSE (K4 D) #(QSP1 109
) . 65
]
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18YY(KeloJ)=POYY(K=]l0J)sROYY (KsJ))) /T SP1
60 TO 3S SP}
28 CALL PORT(ST(NIX) ¢ST(NOS) +ST(MOM) yP+QsRsT) SP1
DO 31 J=]1.NON SP1

31 EN1(KoJ)=(SNE(NOS¢J) # (QO®XX(NIXeJ)~P#XX (MOMsJ} +R®XX {NOS+J} ) ~CSE (NOSSP]

1501 #(QOYY (NIX+J) =PRYY (MOMy J) +R®YY (NOSeJ) ) } /T SP1

35 CONTINUE SP1

D0 101 K=1,NOS SP1

D0 102 J=14NON el

ENL (KvJ) 2END (Ko} 7SORT {1 +ENT (Ko J) #92) sP1

102 CONTINUE sPl
101 CONTINUE sPl

7 RETURN sP1

END sP1

c . sP2
C-====~VERSION 4 = CDC 6700 = S P R G 2 = JUNEs 1972==meemscemcacea§P?
c sP2
SUBROUTINE SPRG2 sP2

c sP2
C PROGRAMMER- 0, FALTINSEN DNV 5P2
c sP2
INTEGER H sP2

COMMON AM{27) ¢NUT +NMASsNOS+ST (25) ¢DS(25) +ELIELLeX(25+8) 2 Y (2508} 4PMSP2
1AS(27) ¢ XMAS(27) 9 ZMAS(27) yRRG(2T) 4 XGoZG+TMASeET4GsEISS+ET664E1464TPSP2
2STeRF334RM3S sRMSSyDGMsDIP oKX oN¢TVOL +ALFA(40¢11) 9BETA(40+11)+HDG(10)SP2
34FN(5) +8AM(30) +CDG(10) +SDG(10) sOMAX+UMIN NFR¢NOK ¢NOBsNOHOMEN (4() +S5P2
GFR(746) «XX{25+¢7) 2YY(2547) oDEL (25¢7) +SNE (2547) «CSE(25¢7) sEN1(2547) 4SP2
SUN+OMEGA s IDsTITO(12) +WORD+NON+IXASToHDG1 (10) o IT+CBYV+CMCoPRNTOP sP2

COMMON ST1(27)+YMAS(27) «BEAMsDRAFT+UMAX s IRR¢ML » IEND IBILGE +» IPRESs SP2
PVNY ¢GRAV ¢ AMODL +MOD ¢« AKEELL «BEAMKL 4 I TS (25) ¢RDO(25) +RFD (25) +DELTAD (25) SP2

2+RKD(25) «SND{25) +COSPHN (25) «PHIN (25) + STPR(2S) « THMD (S0) spP2
COMMON NWSTP+INWSTP(12) 5P2
COMMON /TEMP/ BLOG(2+7+7)sYLOG(2+747) sPRA(T+6) sPRY(T46) SP2

2 DUM3(1116)+AR]1(42)¢AR2(42) +AT12(40) +A13(40)+C(40) WD(40)A(3360) SP2
DATA MIN /3HMIN/ spP2
FM=1, sP2
vOoL=TVvOL SP2
NFM=NFR=~] sP2
NOME= (OMAX=0MIN) / (NFR~]) sP2
OMEN (1) =0MIN sP2

DO 27 N=2.NFR SP2

27 OMEN(N)=OMEN(N=1) +DOME SP2
Li=1 sP2
L2=1 SP2
NUMB = (NUT-1)*6 SP2
NELEM = NFRe®NUMB#2 SP2
REWIND 20 SP2

N0 37 K=1,NOS sP2

CALL FINV SsP2
DIP=ST(K)~TPST sP2
KI=0 sP2

KM = - NIJMB sPe2

N0 53 N=]1+NFR SPe
OMEGA=0MEN (N) SP2
UN=QMEGA®#2 SPe2
CALL XERN SP2

GO TO(34,35).1D sP2

35 WRITE(6414) KN SP2
14 FORMAT (29H0 MATRIX IS SINGULARe Kz I246H¢e N = [2) sP2
G0 TO 77 SP2

34 CONTINUE SP2
IF(IRR=1) 3114+56.311 SP2

311 CONTINUE SP2
C SP2
C IRR=] MEANS NO INTERPOLATION BECAUSE OF IRREGULAR FREQUENCIES sP2
C SP2
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YK=Y (Kel)+0,0001
IF(YK) 54,2222+2222
2222 CONTINUE
YKN=Y (KsNUT)
DAFT=ABS (YKN)
WOR=OMEGA®SQRT (DAFT)
Ir (WOR=TUeT) S4¢355435
S4 CONTINUE
DO 41 LK=],10
GO TO(T0e70+704700700704719T72473474) LK
70 CONTINUE
LalK
MulK
GO 70 75
71 CONTINUE
L=5
M=23
GO 7O 7S
72 CONTINUE
L=2
M=6
GO 7O 7S5
73 CONTINUE
L=2
Mué
G0 T0 75
T4 CONTINUE
L=6
M=l
75 CONTINUE
42 DADS =0,0
0DDS =z0,0
00 43 J=]1,NON

DADS =DADS SDEL (Ko J)#FR{JyL) #PRA(JoM)
43 000S =0DNS SDEL(KsJ)#FR(JoL) #PRV (J1M)

DADS =2.,04DADS
o0DS =2,0%0DDS
ALFA (NoLK)=ALFA(NyLK) +DS(K) *DADS*FM
BETA(NsLK)=xBETA(N+LK) +DS(K)*DNDS*FM
41 CONTINUE
GO TO 76
SS CONTINUE
KIaKlel
WD (K1) =WDR
AI2(K1)=0,0
AI3(KI)=0,0
DO S2 J=]1,NON
AI2(KI)=AI2(KI) ¢DEL (Ko J)#FR(J42) #*PRA(J42)
AI3(KI)=AI3(KI)+DEL(KeJ)®FR(Js3) #PRA(Jy])
]2 CONTINUE
FC1=2,/DAFT/DAFT/UN/1,57
AI2(K1)=AI2(KI)*FCI]
AI3(KI)=AI3(K])*FCl
76 CONTINUE
KM = KM + NUMB
00 220 J=]14NON
D0 220 M=],46
KM = KM « 1]
A(KM) = PRA(JyM)
A(KMeNUMB) = PRV (J4M)
220 CONTINUE
NON=NUT=-1
NUMB=6#*NON
53 CONTINUE
c
C INTERPOLATION BECAUSE OF IRREGULAR FREQUENCIES
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sP2 S
sP2 S5
sP2 56
sP2 ST
sP2  SA
P2 59
SP2 60
sP2 61
sP2 62
P2 63
sP2 64
sP2 65
sP2 66
P2 67
Pz 68
Pz 69
P2 70
P2 71
sp2 72
P2 73
P2 74
P2 75
P2 76
P2 77
sP2 18
P2 79
sP2 80
sp2 81
sP2 82
sp2 83
sP2 84
sP2 A5
sP2 86
sp2 87
sP2 88
sP2 89
P2 90
sP2 91
sP2 92
sP2 93
P2 94
P2 95
P2 96
P2 97
sP2 98
P2 99
sP2 100
sP2 101
sP2 102
sP2 103
sP2 104
sP2 105
sP2 106
sP2 107
sP2 108
sP2 109
sP2 110
sp2 111
sp2 112
sP2 113
sP2 116
sP2 115
sP2 116
sP2 117
sP2 118
sP2 119
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¢ sP2
C FIRST WE WRITE OUT FROM THE NRUM ALL PRESSURES FROM OMEGA®SORT(DAFT/ SP2
C GRAV)=0,7 sP2
. IF(KI=2) 32432477 sp2
‘ 77 CONTINUE spP2
KID=NFR=-KI sP2
3 N0 78 N12=1NFR SP2
ITEMP = N12 sP2
FAC=0MEN (N12) *SQRT (DAFT) 5P2
IF{FAC=-0.7) 7R+79.79 sP2
R 78 CONTINUE SP2
o 79 CONTINUE sP2
N12 = [1EMP sP2
NiMR=6*NON SF2
NSKIP = 2@ (N12-1)®NUMR sP2
NDO = 2% (NFR=N12+1) P2
CI(NFR)=-]1, SP2
C(KID+1)=~1, sP2
KiM=K][-1 sP2
no 21 N=2'K‘M Spa
NN=KIDeN sP2
ALI=AJ2(N¢1}-AT2(N) sP2
AL2=AI2(N+1)=AT2(N-1) sP2
{ AL3=AT2(N)=AI2(N~]) SsP2
CLI=WD (Nel)=wWD(N) sP2
CL2=WD (N+1)=WD (N=-1) SPe
CL3I=WD(N)~WD (N=1) sP2
CINN)=(AL1®@2+CL1#%2+AL 3002+ 3082-A 2402-CL2982)/2,/SORT (AL1#92+CSP2
1L1#82) /SQRT (AL3**2+CL3we2) sP2
21 CONTINUE sP2
N0 320 N13=1,NFR sP2
ITEMP = N13 SP2
FAC=0MEN(N13) *SQRT (DAFT) sSP2
IF(FAC~0,95) 320+321,321 spe
320 CONTINUE SP2
321 CONTINUE se2
N13 = ITEMP sP2
D0 322 N=]4N13 SP2
“ C(N)==1,0 SP2
T . 322 CONTINUE SP2
D0 811 N=2,NFM sP2
IF(C(N)=(~0.5)) 8114811424 sP2
24 Ny=IFI1X(0.3/DOME/SQRT (DAFT)) sP2
IF (NV) 9998,9998+9999 sP2
9998 Nv=1 SP2
9999 CONTINUE SP2
s KN=N-NV sP2
IF(KN-1) 5314532,532 SP2
531 KN=1 sSP2
S$32 CONTINUE SP2
KS=N+NV SP2
4 1SUM=0 sP2
4301 CONTINUE sP2
KS=KS+ ISUM SP2
2 IF(KS-NFR) 631,431+432 sP2
. 432 KS=NFR sP2
431 CONTINUE SP2
JR=KS+IFIX(0,1/DOME/SQRT (DAFT)) SP2
IF({JR=NFR) 4303+4303+4302 SP2
4302 JR=aNFR SP2
1 4303 CONTINUE SP2
N0 4305 JUM=KS.JR SP2
IF(C(JIM)=(=0,5)) 4305+4306+4306 SP2
64305 CONTINUE SP2
GO T0 4307 sP2
- 4306 ISUM=NV 68 SP2
!
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4308
4307

350
811

121

Ja3

124
9996
9997

511
512

4311

612
411

4312
4313
4315
4316

4318
4317

IF (JR=NFR) 4308+4307+4307 sP2

GO TO 4301 sp2
CONTINUE SP2
DNO=FLOAT (XS=-KN) SP2
0C 350 IR=1:2 SP2
D0 350 J=1,NON sP2
DO 350 Mx2,4642 SP2
NUl= (KN=N12) *NUMB®#2+¢ (IR=1) ®NON®G+ (J=1) #6+M SP2
NU2= (KS-N12) *NUMB®2+ {TR=1) ®NON®6 ¢ (J~1) 6 eM SP2
NULl = NUl + NSKIP Sp2
NU2 = NU2 + NSKIP sP?
DELT1=A(NY2) =-A(NU1) sp2
DO 350 JK=KNKS sP2
NU= (JK~N12) #aNUMB®2+ (IR~]) *NON®& s (J=-1) ®6eM sP2
NU = NU + NSKIP sP2
A (NU)=A (NUY) +DELT1#{JK=KN) /DNO sP2
ClJK)=~], sP2
CONTINUE sk2
CONTINUE sP2
DO 121 Nx2,KIM SP2
NN=KIDeN SP2
AL1=AI3(N+1)=-A13(N) sP2
AL2=A13(N+1)=AI3(N~1) SPe2
AL3=AI3(N)~-AI3(N-1) SP2
CL1xWD (N+1)~WD(N) SP2
CL2=WD (N+1)-WO(N=1) sP2
CL3=WO (N) =WD (N=-1) sP2
CINN)={AL1##2+CL18924+AL 30824CLIN#2-AL2082-CL2%%2)/2,/SART (AL1##2+CSP2
1L1%82) /SQRT (AL3¢#2+CL3w02) <
CONTINUE Spe
DO 323 N=1,4N13 SP2
C(N)=-1,0 SsP2
CONTINUE SP2
DO 821 N=22,NFM SPe2
IF{C(N)=(=0.5)) B821+821+124 SPe
Nv=1FIX(0.3/D0ME/SQRT (DAFT)) SP2
IF(NV) 9996199969997 SP2
Nvy=1 sp2
CONTINUE Sp2
KNz=N=-NV sp2
IF(KN-1) S11+512+512 SsPe
KN=1 sSP2
CONTINUE SPe
KS=N+NV SP2
ISUM=0 SP2
CONTINUE SP2
K$=KS+ISUM SP2
IF(KS=NFR) 4l1+4114412 SP2
KS=NFR spP2
CONTINUE SP2
JR2KS+IFIX(0,1/00ME/SQRT (DAFT)) sP2
IF (JR=NFR) 4313,4313+4312 sP2
JR=NFR sP2
CONTINUE SP2
D0 4315 JUM=KS»JR SP2
IF{C(JM)=(=0,5)) 43154431644316 spPe
CONTINUE SP2
GO TO 4317 spP2
1SUM=NV ’ SP2
IF(JR=-NFR) 4318+4317+4317 SP2
GO 10 4311 SP2
CONTINUE SP2
ONO=FLOAT (KS~KN) SP2
N0 351 IR=1,+2 sPe
D0 351 J=]14NON sP2
DO 351 M=]1,5,2 sP2
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NULl= (KN=N]12) *NUMB®#2+ (IR~]1) ®NON®G o (U=-]1) ®6 oM SP2 252
NU2= (KS=N12) *NUMB#2+ (1R=1) aNON®Ge (J=]) #6eM sp2 253
NUl = NULl + NSKIP SP2 2564
NU2 = NU2 + NSKIP SP2 255
DELT1=A (NU2)-A(NUI) SP2 256 g
DO 351 JK=KN.KS sP2 257 .
NUZ (JK=N12) ®NUMB®#2+ ([R=]1) ®*NON®GE s (J=1) 6 eM SP2 258
NU = NI} + NSKIP P2 259
A(NU)=A(NU]1) +DELT]® (JK=-KN) /DNO SP2 260
C(JK)==1, sP2 261
351 CONTINUE SP2 262
821 CONTINUE SP2 263
SP2 264
WE HAVE NOW ADJUSTED IF NECESSARY THE PRESSURES FROM OMEGA®SQRT(DAFTSP2 265
/GRAV)=0,7+AND ARE NOW GOING TO CALCULATE THE CORRESPONDING ADDED SP2 266
MASS AND OAMPING SP2 267
SP2 268
DO S8 N=NI2.NFR sP2 269
DO S8 LK=1,10 sP2 270
GO TO(B0¢80+80+80¢80+R0+81982+839R4) LK SP2 27)
80 CONTINUE spg 272 1
L=LK sP2 273
M=l X SP2 274
G0 TO 85 sP2 275
81 CONTINUE SP2 276
L=S spPz2 277
Mx3 sp2 278
GO T0 85 SP2 279
82 CONTINUE ' SP2 280
L=2 Sp2 281
Mx6 SP2 282
GO T0 8S SP2 283
A3 CONTINUE SP2 28B4
L=2 sP2  2u5
M4 SP2 286
GO0 TO 85 Sp2 287
84 CONTINUE SP2 288
L=6 spP2 289
Mx4 SP2 290
8BS CONTINUE sP2 291
DADS=0,.0 sP2 292
00DS=0,0 sP2 293 ;
NO 60 J=1+NON sP2 294
NUl=(N=N12) eNUMB#2+ ((J~1) #64+M) SP2 295
NUZ= (N=N12) *NIMB#2+ NON®#§ 4+ (J=]1) #6eM SP2 296
NUl = NUl + NSKIP sP2 297
NUZ2 = NUZ2 + NSKIP SP2 298
DADS=DANS+DEL (KeJ) *FR (JsL) *A(NU1) SpP2 299
60 NDOS=DDDS+DEL (Ke+J)®FR (JsL) #A(NU2) SP2 300
DADS=2.0*DADS sP2 301
DDDS=2.0+DDDS sP2 302
ALFA(NJLK)=ALFA (NoLK) ¢DS(K) #DANS*FM sP2 303
BETA(N LK) =BETA(NsLK) +DS(K) #DDDS*FM SP2 304
58 CONTINUE SP2 305
32 CONTINUE sP2 306
WRITE (20) (A(I)sI=1,NELEM) SP2 307
37 CONTINUE sp2 308
ENDFILE 20 sP2 309
REWIND 20 sP2 310
D0 33 N=x1+NFR SP2 311
OMEGA=0MEN (N) sP2 312
UN=0MEGA®#+#2 sP2 313
PO 44 L=1,10 sP2 314
ALFA(NJL)=2ALFA(N.L)/VOL/UN SP2 31S
BETA(N+L)=BETA(NsL}/VOL/OMEGA®]1.4142136 SP2 316
44 CONTINUE sP2 317
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D0 45 L=34,6
ALFA(N+L)=ALFA(N+L)®0,590,5
BETA(N+L)=BETA(NsL)*0,5#0,5
4S5 CONTINUE
DO 46 L=7410
ALFA{NILImALTA(NILI®0.5
BETA(NsL)=BETA(N+L)®0.5
46 CONTINUE
ALFA(N+10)=0,5®ALFA(N+10)
BETA(N+10)=0.,5%BETA(Ns10)
33 CONTINUE
C PRINT ZERO SPEED NON-DIMENSIONAL ADDED MASS AND DAMPING COEFFICIENTS
CALL SEPART (1)
D0 2300 JUH=1,2
IF (JH +EQs 1) H = )
IF (U4 JEQ. 2) H = 6
IF (H .EQ, 6 ,AND. PRNTOP ,EQ, MIN) GO TO 2300
WRITE (He300) NFR
WRITE (H+400) IRR
WRITE (Hy2235)
WRITE (He2224)
00 2225 N=1.NFR
GXI=OMEN(N) #SQRT (2.)

spP2
sP2
sP2
SP2
spe2
sP2
SP2
SP2
spP2
sP2
sP2
sP2
sP2
sP2
sP2
sp2
sP2
sP2
sP2
sP2
sP2
sP2
sP2

WRITE (Hy2226) GXI+ALFA(N1)oALFA(N+2)+sALFA(Ns3) s ALFA(Ns4) ALFA(NSP2

145) s ALFA(NGG) o ALFA(MsT) sALFA(N4B) yALFA(N19) ¢ALFA(N+10)
2225 CONTINUE

WRITE (He2227)

WRITE (He2228)

D0 2229 N=1.NFR

GXI=OMEN(N) *SQRT(2.)

sP2
sP2
sP2
sp2
spP2
sP2

WRITE (H92226) GXI+BETA(Ns1)+BFTA(Ns2)+BETA(Ns3) +BETA(N+&) +BETA(NySSP2

1) «BETA(NS) ¢BETA(Ns7) 9BETA(N9B) +BETA(NG9) +8BETA(N]10)
2229 CONTINUE

sP2
sp2

300 FORMAT(107HINON-DIMENSIONAL, SPEED INDEPENDENT ADDED MASS AND DAMPSP2

1ING COEFFICIENTS FOR THE SPECIFIED FREQUENCIES (NFR=y13+2H),)

sPe2

400 FORMAT(SHOIRR=IZ2+2H ,+4X,104H [F IRR=2 INTERPOLATION OF IRRFGULAR SP2
IFREQUENCIES [S PERFORMED, IF IRR=1 INTERPOLATION IS NOT PERFORMEDSP?2

2.)
2235 FORMAT (/4SH NON-OIMENSIONALIZED ADDEDO MASS COEFFICIENTS=-)

sP2
spPe

2224 FORMAT(3X+6HWE (ND) +SXe6HA(141) +6Xs6HA(212) 96X16HA(343) 46X s6HA[444)5P2

216X+6HA(S95) 16X 96HA(646) 16X 16HA(345) 16X sOHA(246) 16X16HA(2:4) 56X
26HA (446))

2226 FORMAT(3X+F6.341P10E12,4)

2227 FORMAT (/428 NON-DIMENSIONALIZED DAMPING COEFFICIENTS-)

sP2
sPe
sP2
sP2

2228 FORMAT (3X+6HWE (ND) 9SXe6HB(141) 46Xe6HB(242) 16Xe6HB(343) 16X 46HB (444)SP2

216X 6HB(545) 16X +16HB(646) ¢6X216HB(345) 16X46HB(206) 16X+6HB(244) 96Xy SP2

26HB (446)) SP2

2300 CONTINUE spP2
CALL SEPART (2) sP2

777 RETURN sP2
END SPe

C POR
Cow-===VERSION 4 - CDC 6700 - P QR T = JUNEy 1972=n=cccr=a cccee- -=POR
C P@R
SUBROUTINE PQRT(AsBsCePy0sRT) PQR
Px(A=B)/ (B~C) PQR
Q=1,0/P PQR

R=P~Q PQR

T=A-C PQR
RETURN POR

ENOD PQR

c Fiv
Crmemm= VERSION 4 =~ CDC 6700 - F I NV = JUNEs 1972-c~ncccnaca-x —=e=FlV
C Flv
SUBROUTINE FINV Fly

C FIv
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C PROGRAMMER- W, FRANK+NSROC

475

Flv
Flv
COMMON AM(27) oNUT ¢NMAG(NOSsST (25) +DS(25) +ELWELL9X(25+8) ¢ Y (2548) +PMFIY
1AS(27) « XMAS(27) +ZMAS(27) +RRG(27) ¢ XGs2G e TMAS+ET4G 4sEISSeET16A4F 146 TPFIY
2SToRF334RM3SsRMSS sDGMeDIP s KeNe TYOL «ALFA(40411) 9BETA(40011) ¢HDG(10)F 1V
J¢FN(5) yBAM(30) +COG(10) +SDG(10) ¢OMAXyOMINyNFRINOK ¢NORyNOHOMEN (402 sF 1Y
GFER(Te6) 9 XX{2S+7) 1YY (25+¢7) sNEL (25+7) ¢+ SNE(25¢7) 4 CSE(25¢7) sENL (2547)9F 1V
SUN+OMEGA IDsTITO(12) +WORD+NON+ IXASToHNG1 (10) ¢ IT4CBVeCMC+PRNTOP Fly

COMMON ST1(27) 4YMAS(27) +BEAMJDRAFToOMAX s IRRyML o IEND,IBILCE.IPRES, FIV
2VNY ¢ GRAV ¢ AMODL yMOD ¢+ AKEELL +BEAMKL 9 ITS (25) +RD (25) +RFD (25) +DELTAN(2S)F IV

2+RKD(25) +SD(25) +COSPHN (25) «PHIN(25) +STPR(25) » THMD (50) Flv
COMMON NWSTP.INWSTP(12) Fiv
COMMON /TEMP/ BLOG(247+7)+YLOG(247+7)+DUM3(4R04) FIv
00 10 I=1,NON FIv
XM2=XX(KeI1)=X(Ks1) Flv
YM2=YY(Ke D) =Y (Ks]) Flv
XP2=XX(Ks1) X (Ksl) Flv
YP2=YY(Ks 1) +Y(Kol) FIv
FPR2=,S*ALOG (XM2##2+YMR#e2) Flv
FPL22,S#ALOG (XP2#82+YMR#82) FIv
FCR2=.5%ALOG (XM2##2sYP2#eD) FIv
FCL2=,59ALNG (XP2##2+YP2#a2) FIv
APR2=ATAN2 (YM2y XM2) Flv
APL2=ATANZ (YM2,XP2) Flv
ACR2=ATANZ2 (YP2,4XM2) Flv
ACL2=ATAN2 (YP2,XP2) Flv
DO 10 J=1+NON Fiv
XMI=ZXX (Ko 1) =X (KeJs1} Flv
YMI=YY (Ko 1) =Y (KeJsl) FIv
XP1=XX(Ko1)oX(KeJel} Fly
YPI=YY(Ks1)+Y(KeJel) FIv
FPR1=,58ALNG (XMl %824 YM] #02) FIv
FPLI=,S5ALOG(XPl#®2+YM]#82) FIv
FCRI=,S*ALOG (XMl #82+YP | #e2) FIv
FCL1=.59ALOG(XPl®r2+YP]582) FIv
APR1=ATANZ (YM],XM1) FIv
APL]=ATAN2 (YM14XP1) Flv
ACRI=ATAN2 (YP1 4 XM]) Flv
ACLI1=ATAN2 (YPLl XP1) Flv
SIMJU=SNE (K4 1) #CSE (K+J) =SNE (K. J) #CSE (Ko 1) Fiv
CIMJ=CSE (K4 1) #CSE (Ko J) ¢SNE (Ko 1) #SNE (Ko ) Fiv
SIPJ=SNE (Ky 1) ®CSE (Ko J) +SNE (K¢ J) 2CSE (K1) Flv
CIPJ=CSE (K1) ®CSE (KeJ) =SNE (K+ ) *SNE (K4 D) Fiv
DPNR=SIMJ* (FPR]-FPR2) +CIMJ% (APR1~-APRZ) Flv

PPR=CSE (Ko J) ® (XMI#FPR] =YM] #APR] =XM] ~XM2#FPR2+ YM2#APR2 + XM2) ¢+ SNE (K+ JF IV
118 (YMI®FPR] +XM] #APR]1 ~YM] ~YM2#FPR2~XM2®#APR2 + YM2) Fly
OPNL=SIPJe (FPL2-FPL1) +CIPJ® (APL2=-APLI]) Flv
PPL=CSE (Ko J) ¢ (XP2oFPL2-YM2#APL2~XP2~XP1#FPLL+YM] #APL]1 ¢ XP]) ¢ SNE(KsJF TV
118 (YMLSFPL] ¢XP1SAPL] ¢ YM2~YM2*FPL2~XP28APL2-YM]) Flv
DCNR=SIPJ® (FCR1=-FCR2) +CIPJ#* (ACR] -ACR2) FIv
PCR=CSE (Ky J) # (XM} @FCR1~YP1 #ACR] =XM1 ~XM2¥FCR2+YP2#ACR2+XM2) + SNE K+ JF IV
1) #(YP2oFCR2+XM2#ACR2+YP1~YPI#FCR] ~XM]1*ACR]-YP2) FIv
DCNL=SIMJ® (FCL2-FCL1) +CIMJ® (ACL2-ACL]) Flv
PCL=CSE (Ky J) # (XP2#FCL2-YP2#ACL2~XP2=XP1#FCL1oYP1#ACLL2XP1) ¢ SNE (K4 JF IV

118 (YP28FCL2 ¢ XP2#ACL2-YP2-YP 1 $FCL1-XP1#ACL1+YP1) Flv
BLOG (1+1+.) =DPNR +DPNL~DCNR=DCNL Flv
YLOG (141 +.) =PPR+PPL~PCR-PCL FIv
BLOG (2+ I +J) =DPNR-DPNL-DCNR +DCNL FIv
YLOG (241 4.) =PPR-PPL-PCR+PCL Flv
IF (J-NON) 475410410 FIv
XM2=XM1 FIV
YM2=YM] Fiv
XP2=xP1 Fiv
YP2=YP] FIv
FPR2=FPR1] FIv
FRL2=FPLI 79 FIv
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FCR2=FCR] Flv

FCL2=FCL1 Flv

APR2=APR] . Fiv

APL2=APL] Flv

3 ACR2=ACR] FIv
= ACL2=ACL) Fiv
E 10 CONTINUE FIv
% RETURN FIV
3 END FIv
C KRN
Ce=we=wYERSION 4 =~ CDC 6700 - K E RN = JUNE. 1972 =KRN

& o KRN
SUBROUTINE KERN KRN

C KRN

C PROGRAMMER- W, FRANK,NSRDC KaN

c KPN

COMMON AM (27) ¢NUT ¢NMAG 4 NOS¢ST (25) +DS(25) +ELELL ¢ X (2548) Y (25¢8) ¢ PMXRN
1AS(27) o XMAS (27) 9 ZMAS (27) yRRG(PT) 4 XGoZGy TMASET14G EISSHE 166 4ET4b s TPKAN
2STeRF334RMIS ¢RM55 ¢DGMeDIP o X eNe TYOL sALFA(40411) ¢RETA(40411) sHDG(10) KRN
JeFN(S) +BAM{30) ¢COG(10) «SUG(10) yOMAXsOMINGNFR¢NOK ¢ NOR¢NOHsOMEN (&£0) ¢ KRN
LFR(To6) o XX(254T) oYY (257) cDEL(2547) ¢SNE(2507) +CSE (2S¢ 7)1ENL(26507) o KRN
SUNJOMEGA+IDeTITO(12) s WORDoNON« IXASToHNGL (10} ¢ I T4CHV4CMCoPRNTOP KRN

COMMON ST11(27) ¢ YMAS(27) +BEAMIDRAFT+OMAX I IRR ML s IEND,IRILGF ¢ IPRESe KDN

2VNY ¢GRAV + AMODL ¢MUD ¢ AKEELL ¢BEAMKL 9 I TS {25) ¢RD(25) +RFD (25) +DELTAD (25) KRN
29RKD (251 +SD (25) +COSPHN (25) 4 PHID (25) ¢+ STPR(25) ¢ THMD (50) KRN
COMMON NWSTPINWSTP(12) KAN
COMMON /TEMP/ BLOG(2e¢747) oYLOG(24To7) sPRAIT46) +PRV (T 46}, KRN
2 CONI(1442)9CON2(1442)4CT1(14414)eCT2(14014)sSOURLI(T7) KRN
2 SOURZ2(T7+T7)sMAVEL(747) «WAVEZ2(T4T) «INDEX(14+3) ¢DUMI (4034) KRN
NOE=2#NON KRN
DO 1 1=1+NON KN
NI=NON- [ KRN
FR({T+1)=EM] (Ko 1) KRN
FR{I¢2)=2~SNE(KyI) KRN
FR{1+3)=CSE(K, I} KRN
FRUTLy&)=XX (Ko I} #CSE(Ks[) =YY (K1) ®FP(]1,42) KRM
FR(1+S)2=NIP*FR([+3) KRN
FR{I+6)20[P*FR([+2) KRN
CON1(1+1)=0,0 KRN
CON1(14+42)=0,0 KRN
CON2(I41)20,0 KRN
CON2(1+2)x0.0 KRN
CON1 (N141)=OMEGA*FR(I+1) KAaN
CON1 (N1+2)=0OMEGA®*FR(1+3) KRN
CON2 (N1+41)=OMEGA®*FR(]4+2) KRN
CON2 (N1 +2)=OMEGA*FR (144) KRN
XR2=UN® (XX (Kel)=X(Ks1)) KRN
YR2==UN® (YY (Ko 1) +Y(Ks1)) KRN
XL2=UN® (XX (Kos1)+X(Ksl)) KRN
YL2=YR2 KRN
CALL DAVID(XR2+YR2+EJ2+CXR2+1SXR2+RAR2+RBR2+CRZ+SR2) KRN
CALL DAVID(XL2+YL2+EJ2+CXL29SXL2+RAL2+RBL2+CL24SL2) KRN
DO 1 Jx14NON KRN
NJ=NONe+J KRN
SIPJ=SNE(KeI) #CSE(KeJ) ¢SNE (Ko J) ®CSE (Ko 1) KRN
CIP J=CSE (K1) ®CSE(KyJ)=SNE (Ke T} #*SNE (K4J) KRN
SIMJ=SNE(K+1)®*CSE(KesJ)~SNE (KeJ) ®*CSE (Ko 1) KRN
CIMJ=CSE (Ko I)#CSE(KeJ) +SNE (Ko T) *SNE (Ko J) KRN
XR1I=UN® (XX (Ko I)=X(KeJel)) KRN
YRI==UN® (YY(Ky1)¢Y(KeJel)) KRN
XL1=UN® (XX (Koel) ¢X(KoJel)) KRN
YL1=YRI] KRN
CALL DAVID(XR1+YRIWEJL1+CXR14SXRI+RAR] +RBR]1+CR]1SR1) KRN
CALL DAVIU(XL1sYL1+EJLoCXLL9SXL1+RALIWRBL1sCLL1,SL]) KRN
DPR=2,#*(SIPJ*(CR1-CR2)~-CIPJ* (SR1=-SR2)) KRN
DPL=2,.,*(CIMJ*(SL1=-SL2)~-SIMJ*(CL1~-CL2)) KRN
73
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PPR22,/UN® (SNE {K+J) ® (RAR1-RAR2) +CSE (KeJ) * (RAR]=-RBR2) ) KRN

PPL=2,/7UN® (SNE (K9 J) ® (RAL1-RAL2) +CSE (K+J) ® (RBL2-RBL1)) KRN
10VR=6.2831853.(EJZ'(SXRZ'C!PJ-CXRZ'SIPJ)-EJl'(SXR!'CIDJ-C19295ZPJ)KRN
) KRN
l?HL=6.2831853'(EJ1'(SXLI’CI"J-CXLI’SIHJ)-EJZ’(SXUZ'CINJ-CXL?’S!“J!!QN
KRN
PWR=6,2831853/1IN® (EJ1 ¢ (SXRI®CSE (KyJ) =CXR1#SNE (KyJ) ) ~EJ2# (§XR2#CSE (KRN
1KeJ) =CXR2SNE (Ky J) ) ) KRN
PWL=6.2831853/7UN® (EJ2% (SXL2%CSE (KyJ) ¢CXL2#SNE (K+J) ) -EJ1 2 {SXL1#CSE (KRN
1KeJ) «CXLI#SNE (K9 J))) KRN
CT1(I+J)=RLOG({1s10J) +DPR+DPL KRN
CT2(14J)2RLOG(2414J) +NPR=~DPL KRN
CTLINLJND)2CTL (L o) KRN
CT2(NTNJ=2CT2(1.4) KRN
CT1(I1sNJ)=DWRsDWL KRN
CT2(14NJ) =DWR-NWL KRN
CTL(NI«J)==CTI (1 sNJ) KRN
CT2(NT+J)==CT2(1eNJ) KRN
SOURL (1+J)=YLOG(1e1+J) ¢PPR4PPL KRN
SOUR2 (1+J}2YLOG{2+1+J) +PPR=~PPL KRN
WAVEL (I+J)2PWR+PHL KRN
WAVE2 (] +J) 2PWR=-PWL KRN
IF (J=NON) 24141 KRN
2 XR2=XRl KAN
YR2=YR1 KRN
CXR2=CXR1 KRN
SxR2=6xQ1 KRN
RARZ2=RAR] KRN
RBR2=RBR1 KRN
CR2=CR]1 KRN
SR2=SR1| KRN
xLe=xt1 KN
YL2=YL! KRN
£J2=£J1 KRN
cxLe=Ccxtl KRN
Sxt2=sxL1 KRN
RAL2=RALI] KRN
RBL2=RAL1 KRN
cL2=CL1 KRN
SL2=sL1 KRN
1 CONTINUE KRN
CALL MATINS(CT1+16eNOEWCONL1+242+DTEWID+INDEX) KRN
GO TO(349).1D KRN
3 CALL MATINS(CT2414+NOE+CON2+2+42+DT0+ 1D+ INDEX) KRN
GO TO (449)41D KRN
4 PO S I=14NON KRN
N0 6 L=1y4 . KRN
PRA(I.,L)=0,0 KRN
6 PRV(I.L)=0,0 KRN
N0 7 J=1+NON KRN
NJ=NON+J KRN
PRA{Is1)=PRA(I+1)<CCON1(Jy1)*WAVEL (I4J)~CONL1(NJy1)#*SOUR]I(Is)) KRN
PRA(1+2)=PRA(I142)¢CON2(Js1)*WAVEZ2 (1+J)=CON2(NJy1)#SOUR2(1+J) KRN
PRA(1+3)=PRA(T43)¢CONL(Je2) *WAVEL (I+J)=CON1(NJ,2)#SOUR]L (1+J) KRN
PRA(I+4)ZPRA(144) ¢CONZ(Je2) *WAVE2 (1 4J)=CON2(NJ+2) #SOUR2 (14J) KRN
PRV(I41)=PRV(I+1)+CON1(Jo1)*SOURL (19J) ¢CONL(NJo1)*WAVE]L (I¢J) KRN
PRY{1+2)=PRV(1+2)+CON2(Js1)*SOUR2(T1+J)+CON2(NJ+1)*WAVE2(]+J) KRN
PRVII+332PRV(1+3)¢CON1(J+2)%SOURL (1+J) +CON1 (NJ42) *WAVEI ([ 4 J) KRN
T PRV(I94;=PRV(I44)+CON2(Js2)%SOUR2(19J) +CON2(NJ»2) #WAVE2 (1J) KRN
No 8 L=zly4 KRN
PRA(I+L)=OMEGA®PRA(]sL: KRN
B PRV(I+L)=0OMEGA®PRV(I4L) KRN
PRA(T+S)==DIP*PRA(I+3) KRN
PRA(I+6)=DIP*PRA(]+2) KRN
PRV(I1+S)==DIP*PRV([+3) . KRN
S PRV(I+6)=DIP*PRV(1+2) KRN
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9 RETURN
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c

g----»vansxon 4 - 'COC 6700 =D AV ID - JUNEs 1972

¢ SUBROUTINE DAVID(X¢YsE9CoSeRAJRBCINySON)
C PROGRAMMER- W, FRANKyNSRDCy AND O, FALTINSEN,DNV
c
AT=ATANZ (X,Y?
ARG=AT-1,5707963
ExEXP (~Y)
C=COS(X)
S=SIN(X)
RzX®e2eyooap
TEST=0,00001
IF(R-1,0) Sy10,10
10 TEST=0,1*TEST
IF(R=2.0) 5420420
20 TEST=0,1*TEST
IF(R=4,0) 5430430
30 TEST=0,1#TEST
IF(R-200,07) S¢31,31
31 TEST=0,0001
AL=0,S5*AL0G(R)
Yz=Y
SUMC=Y/SQRT (R)
SUMS=X/SQRT (R)
TC=SUMC
TS=SUMS
DC 33 K=]1,1S
TOxTC
TCm=(TCRY=X*TS) *K/R
TS2=(TS*Y+X#T0)*K/R
SUMC=xSIMC+TC
SUMS2SUMS+TS
IF (X=15) 34435435
34 IF{(ARS(TC)+ABS(TS))=-TEST) 35935433
3S SUMC2SUMC/SQRT(R)®*(~-1,.)
SUMS=aSUMS/SQRT (R)#(=1,)
SON=SUMS+3,141593#E«C
SON=~SON
CIN=SUMC+3,141593#EeS
RA=AL-CIN
RB=ARG+SON <
GO TO &4
33 CONTINUE
S AL=0,5%ALOG(R)
SUMC=0,57721566+AL+Y
SUMS=2AT+X
IC=y
TS=X
DO 1 K=1,500
T0=7C
COX=K
CAY=Ks1
FACT=COX/CAY=22
TCxFACT® (Y®TC~X*TS)
TSaFACT® (Y#TS+X*TO)
25 SUMC=SUMCeTC
SUMS=SUMS+TS
IF(K=500) 404393 .
40 IF((ABS(TC)+ABS(TS))=TEST) 3+3,1
3 CIN=E® (COSUMC+S#SUMS)
SONx=E® (S*SUMC-CPSUMS)
RA=AL=CIN
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DAV
DAY
Dav
DAV
DAV
DAY
DAV
DAy
Dav
DAY
OAY
DAY
Oav
DAV
DAy
OAv
DAy
Dav
DAV
DAY
DAV
Oay
Day
OAv
DAy
DAV
OAY
DAY
Oav
DAV
DAV
DAy
DAV
DAV
DAV
DAV
DAY
DAV
DAV
DAV
DAy
DAV
DAV
AV
DAV
DAY
DAY
DAv
OAvV
DAV
OAY
DAV
DAY
DAV
DAY
DAv
DAV
Day
OAv
DLy
DAV
DAYV
DAV
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o000

OO0 OO0

1
4

PRO

RAXARG*SON DAV

GO TO & DAV
CONTINUE NAv
RETURN nay
END DAV

LX3

------ VERSION 4 =~ CDC 6700 = P R 0 3 =~ JUNEs 1972=comcccmcacacanaa| K3

(34 3

OVERLAY (LINK3,+3,0) LK3
PROGRAM PRO3 tx3
DIMENSION GMIIt64+6) Lx3
CALL SPRG4 (GMU) LK1
CALL SPHRGS (GMU) ) LK3
END , LX3
SP4

--VERSION 4 - CDC 6700 - S PR G & = JUNE. 1972 SP4
SP&

SUBROUTINE SPRG4& (GMU) . SP4
SPy4

GRAMMER- O, FALTINSEN,NNV sPa
SP4

111

COMMON AM(27) «NUT ¢yNMASyNOSsST (25) «DS(25) oEL+ELL+X(25+8) ¢+ Y(2548) +PMSP4
1AS(27) ¢+ XMAS (27) s ZMAS(2T7) o QRGP T) o XG s ZG o THAS s E T4 sEISSsE1660F 1464 TPSPG
2STeRF 33 «RMISIRMSSsDGMeDIP ¢ X ¢Noe TVOL+ALFA{4De11) +BETA(40411),HNG(10)SP4
3+sFN(S) «BAM(30) ¢COG(10) +SDG(10) yOMAX sOMIN¢NFR¢NOX ¢ NOR+NOHOMFN (40) ¢« SPG
GFR{T+6) o XX{25¢7)sYY(2547) +DEL (2597) ¢SNE(2547) «CSE(25+7) sEN1(2547) ¢SP4
SUNVOMEGA+ 10+ TITO(12) ¢ WORD«NON ¢ IXAST9HOGL (10) « IT+CRV+CMC+PANTOP SPa&

COMMON ST1(27) o YMAS(27) +BEAMINRAFT DMAX s IRR WML IEND+ [BILGE + IPRES, SP4
ZVYNY ¢GRAY ¢ AMODL «MOD ¢ AKEELL +BEAMKL s [ TS (25) +RD (25) +RFD (25) +DELTAD (25) SP&

2eRKD(25) +SD(25) +COSPHN(25) 4PHIN(25) +STPR(25) « THV (S0) SP&
COMMON NWSTP 4 INWSTP(12) SP4
NDIMENSICN GMU(646) SP4&
DO 111 I=1.6 SP4
No 111 J=1.6 . SP4
GMU(1+J)=0,0 [{-TA
GMU(l+1)=1, SP4
GMU(2+2) x1, sPy
GMU(343) =1, SP4
GMU(L b)) =E 144 SP4
GMU(4+6)3E 146 SPY
GMU (545, =E 155 SP4
GMU({6+6)=E166 SP4
GMU(4+2) ==2G/ELL . SP4
GMU (294)=~2G/ELL - SP4
GMU({]1,+5)=2G/ELL . SP4
GMU(S1)=22G/ELL SP&4
RETURN SP4
END SPa
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Do

v

Co=====VERSIUN & - COC 6700 - S PR G S = JUNz, $1972ecececccccncacna
c
SUERGUTINE SFROLSIGMY)
c
L FROGRAKMEKR~ W FRAHKJNSROC, ANU Os FALTINSEN,ONV
c

DIMENSION THCAL(30)

COMION AN(27) yNUT,NMAS)NOS,ST(25) y0S(25) yEL,ELLy 4(25,8),Y(25,8),PN
L1AS(27) o XHRS(27) yZHAS (27) yRRGIL27) yXu 926y THASJETH U JEISSE i06,EILGE, TP
23T gRF33yX3I5,)RH55)COR9DIP K yNy TVUL yALFA(40,11) yuCTA(%08,11),HGG (10)
JoFEN(S) 4BAN(IC) yCOGL10),S00L{10) ,0dAX, 0O4IN,NFRyNULK )NOd sNUH, UHE(4O)
SFRET,6 )9 XX(25,7) yYY(25,7) ,0EL(257) yONE(25,7),C5E(25,7),ENL1(25,7),
SUN ONEGA,I0,TITO(12) g HORUyhONy IXAST  HOGL (10) 9 ITHyLEV, UM, FRNTOP

COMMOCN ST1(27),YMAS(27),0EAR,ORHFT,OMAXy IRRyHLyIEND, IBILGE, IPRFS,
2INYH6RAVyAH00L y 400 )AKEELL y BEACIKL 9 1TS (25) yRO(25) 9ykFL(25) DELTALC(25)
23RKD(25) 4S0(25) yCUSP FU(25) 4PAIN(25) ySTPR(25),THND(5P)

COMMULN RW3TPHINNWSTP(12)

COoHnCHr Z/L0OGrnH/ STLO(24) 5 WORD2)WOR0D3, IOAMP, IPKCNT,82(5) ,83¢(5),
2 PB2(25,5),P03(25,5) yLLLASS

CONMRCN /PFOIL/ IFOLIL yRHOyNF,CPL(10),SPANC(10),CHORD(10),S(10),YF (10
Z)gZF(lC)gOuAFHﬂ(IU);CLZ(lO),ASP(lO),lPRINT
CONMKCN /2FOIL/ GA(6,6)

DINMCNSIOIN A{3360)

INTEGER PRNTOP,H
COMPLEX CFAC(6) 4CSUM(B),D0uCyDEVEN,DUN3,0UM2,CPET,PP,0Q,11
CONMFLEX SFX(6)

CONMPLCX DEF(6)

CUMNCN /TEMP/ POFR(64925)yPOFI(6925) yRM0(6,30),ALINM0(6,30),

DAL (11),081011)PEXR(6925) PEXIL6425) yLAD>(10,26),0055(10,426),

TOR(B)6) yTOA(6,6) ySKFII(27) 4SPMI5(27) ,SkH55(22),Scb4 (2T,

PAY(25,746) yFAAL2547,6) yDA(696)403(6,96) ,TEV(696) 9 8EVI6,1),

TUDI(696) 30069 1) 3 IHDEX(0,3) ) ARL(U2) , AR2(H2) JATL1(42),2T2(42),

VG(25))50KD(27),ECOY(27) ynGB(27) )PRERE (B89 14) yPREIM(8,14),

FZRSG (25) ybVRSG(25) ydVISGL(25) 4 FZISG(25) ,FYRSG{25)4,FYISu(25),

TERSG(25) yTNISOG(25) yELRSG(25) dLID6(25) yRHME(S3) yHE(30) ,ZN(30)

XLLL30(30) , IHMO(S0) 9 HAVAKF(30),0UML(76)

COKMON 7iMP1/ FACT,JJyHUIGL,VKNOTS, HSLOPEyHSTP, INSTP4LL,GXI

COMNCON Z7TH4P2/ SHM(30496,2)

CORMUN /TRP37 RLO(5,30,25),R1L0(5,30,25),STATN(24)

CCheLh 2THFus HAD(5,50,2) yNHF ,EPS

LUBNCKN 7THPS/ 80V(3Q96,2)

DIMENSION GHU(B b))y TULF(6,6),TEVF(6,6), 800F(6)95£VF(6),T(32962)
JLMENS ION TUOA(696) ,TEVA(6,6) 9300A(6) y2EVA(B),TOLB(6,6),TEV3I(646)

230uE(6) 9 3EVU(6) ,TUUC LE4H) , TEVL (6y6)yB00L(6) yBEVC (6)
OATA oId /3HHIN/
BACKSPALE 1
2198 FURKHKAT (118HINUN-JIMENSIONAL ACCED MASS,0AHPING,AND RESTORING CCEFF
2IVIENTS Awv EXVLLITLING FCRCES AnD HOHENTS OF THE STRUTS ANO FOILS)
2199 FUKMAT (LI1X 12R 015Ky 3H**2///717X9HHEADLNG =y F5 .00k VEG,7Xy12H3AIP
2 SPEFD =,F6.2306H KNOTS/ldelGH(HEAU SEAS =180) y9Xy15HFKOULE NUMBER
3 =yF7albyr7/7)
2200 FONMAT (/56H NOu- DIPhNSIOHALIZ:C ACLLED MASS COEFFICIZNTS OF THE FOI
1LS-)
2201 FURMAT (3X)6HHE(NO) ySX96HALL L) y6XyEHA(2,2) 36Xy SHA (I, 3) 46X, 6HA (4,4}
1,6Xy6AA(5,5) 36Xy 6HA(696) yEXy6HA(3,5) )6 X, 6HAL29€) y6Xy6HA(2)0), 6Xy6H
2A(4,6))
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SPS
SPS
SPS
SP5
SPS
SPS
SP5
SPS
SPS
SPS
SPS
SP5
SPS
PS5
SPS
SPS
sPs
SPS
SPS
SPS
FMOD
FM00
FNOO
SPS
SPS
SPS
SPS
SPS
SPS
SPS
SPS
SPS
SPS
SPS
3PS
3PS5
PS5
SPS
SP5
SPS
SPS
SPS
F®OC
FM00
FNCC
SPS
FrCC
FrxCE
Frou
Frce
FuCo
FHCC
FrCO
Frood
FroeC
FNMOC
FNMCO
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2202 FORMAT(3IXyF6.3,1P10212.4)
2203 FORHAT(9X,1rF10t12.4)

2204 FOXMAT.(/55H NUN-OIFENSIONALIZEC DAMPING COEFFICIENTS OF THE FOILS-

1)

2205 FURMAT (3X,)O0HWE (ND) 35X 6H3(1,1) ,6X,6HB(2,2)96Xy6HB(3,3)96Xy6HI(kyh)
1,6X,6H8(595) 96X, 6HB(E,6) y6Xy6HB(395) 36X 6HBL(256) 3EXy6HB(294) y6X,6H

23(6,6))

2206 FORMAT (/57 NON-ODIMENSIONALLIZEC KESTORING COEFFICIENTS OF THE FOIL

1S8-)

2207 FURMAT (SX,6HHE (ND)-y5Xy6HCL141) ¢6X46HC (2,2) 96X 36HC (343) 9 6X96HC {4y 4)
1,6X,6HC(5,5) 36X 36HC(695) y6X90HL (35D 36Xy 6HL (29 6) 96Xy OHL(254) y6Xy6H

2Ci4,6))

2203 FOxMAT(/,* NON-DIMENSICNALIZED FOXKCE «ND MOMENT FUNCTIUNS OF THE f

101LS-*)

2209 FORMAT (3Xy 6HWE{ND) g4 Xy SHSURGE yoXy 4HSHAYy 7XySHHEAVE y3Xy UHROLL 97Xy SH

2PITUH, YX,3HYAN)
2210 FOnHAT(JX;F6.3,1P6EiZ.k)
2211 FORMAT(9X,1P6EL2,.4)

8001 FORMAT(///54H TOU*X=80D0 GEFOKRE INSERTION OF HYDRUFOIL clZMENTS/)
8011 FORHMAT (///51H ToveX=28zV ULFOKE INSERTION OF HYDROFUIL ELEMENTS/)
8003 FURMAT(/7/50H TO0*X=80D AFTER INSERTIUN OF HYDROFOIL ELEMENTS/)
8ul3 FUFHMAT (///50H TEV*X=8EV AFTER INSERTIUN UF HYORUFULIL ELEMENTS/)

8002 ruxhal (/7/7* MaTRICIc> TODF ANC oOJF*/)

8012 FCOrMuT (/77*% MATZICLleS TLVF ANC BEVF®/)

8021 FURLAT(3X1F6EL12.337Xy1HX31247H REAL jo X, 1P1E12.3)
8622 FORMAT (33X, 1FEEL12.39TKy1HX12,7H IHAG j0X, 1P12128.3)
40C L FOrMAT(//7/714H X=INVTLD*B0C/)

8014 FORHAT t//7/71LH X=INVTEV®*3FV/)

80623 FURMRT (9X91P1E12.3,12%,1P6£12+3,12X,1P1c12.,3)

BY CALLING PrEST THE RESTORING FORCES AND MOMENTS FUR THE VARIOUS SECT

OF THE SrIF ARE CALCULATEGC.
SRFS3(K)==ESTURING COEFFIVIFNT(HEAV.=HEXVE) UP TO STATIUN X
SRF3IS(K)=x=23TORAN COLFFICIENT(HZAV.~PITCH) UP TO SIATIUN K
SAF55(K)= RESTUFING COEFFICIENT (PITCH-PITCH) uP TO STATION K
SS6bLlK) =M TALEWTAIC HEIGHT CVER THE WATERPLANE FOR THE FART OF THE
UP TO STATION X
THESE VAKIABLES ARE uSeD FOR THE CALLULATION CF LOACS.

JO b87 K=1,NOS
CALL  PRzST(FRF33,PRN3HPRISS ) PCLA)
SRF3II(K)=PxF I3
SKit35(K)=PR%35
SAMS5 (K) SPKMES
SULLY (K)=PCub
687 CONTINLE
II={0e,y1.)
FALT=97.29%779
PI=3.1461593
C33=xFS3
€35=rnKM35
C55=nK55
Cuu=06H

IPRE>=1 HE WANT TO CALCULATE FRESSURE
IPREY=2 WE 00 NOT wANT TO CALLULATe PRuS>URE
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FHOD
FHOOD
FMQO
FM400
FROO0
FHCO
FH00
FRCO
FMCO
FMGQO
£4C0
FNCO
FrOO
FMCO
FMCD
FHOD
FMNOD
FHOD
FHOO
FHOD
F4d0
F4CO
FHCD
FMO00
FKCC
FNCC
FMCO
FHMCO
FMOO
SPS
S¢S
SP5
SPS
SPS
SP5
SPS
SP5
SP5
SP5
SPS
SFS
SPS
SPS
SPS
S$PS
SPS
SPS
SPS
SPS
3PS
SPS
SPS
SPS
SPS
SPS
SP5
SPS
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99
100
101
132
163
104
115
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IENO®s1  cNOTERMS IN THE EQUATIONS OF MGTION

IEND=2 NO ENCTERMS IN [HE EQUATIUNS UF HKUTIOK

I8ILGE=Y KEAN> THAT THE SHIP HAS BILUEKEEL
IBILGE22 McANS THAT THe SHIP HAS NOT BILGEKECZL

HOD=1 MEAN> MODEL WITHCUT BILGEKEEL
#0022 ThE OTHER ULASES

SPS
SPS
SPS
S$P5
SPS
SPS
SPS
SPS
SPS

THH IS A FIRST AFFROXIMATION TC HEAN MAXIMUM ROLL-AMFLITUOE (RAGIANS SFS

VNYSKINEHATIC VISCOSITY
GRAVEALVELERATION OF GRAVITY

ARODL= THE LENGTH OF THE MODEL FOR REYNULDS NUMBER

KO(K)=?51LGERADLUS? FOR STATICN K

ITS(K)=1 FORESECTIUN WHERE XGs3#1.2
ITS(X)=x2 MID3eCTION
1T5(K)=3 AFTSECTION
1TS(K)=4 OTHER LASES

WHERE B8/KGf1.0

EODY(K)=COEFFICIENT GF EUCY MAKING DAMFING FOR STATIQN K

ML=l CALCULATE MOTIONS
ML =2 UCALCULATE MCTION>S ANG LOAODS

3ET STPR(K)=0.0 IF WE 00 NUT WANT PRESSURE ON STATION X

SET STPRIK)I=140 IF WE WANT PRESSURES ON >TATION K
IT 1S HCT POSSIBLE TU GET FRESSURES ON THE FIKST ANJ LADT STATION

YHY=VHRY/SART (GRAV®*LL**3)
NOSHAL =RuS

SGL = SQRT(GRAV/ELL)

SLL = 1,/56L

HHF = ACHM®*.JOB*NHSTP
KTH=0

SP5
SPS
SPS
sP5
SPS
SPS
SPS
SPS
SPS
SPS
SPS
SPS
SPS
SPS
SP5
SP5
SP5
SPS
SPS
SPS
SFS
SPS
SPS
SFS
SP5
SPS

SPS
SPS

SPS
SPS
SPS
SP5

THIS I5 WHERE THE LUOPS FOR THE LALLULATION OF MOTION> MDD LOADRS 3EGI SPS
THE OUIeR LCIP 1S FOR HEWDING AND FROUOc NUMSER AKNu THe IHNNER LLCP I SFS
WAVELENGTH,
tPS = 4017453233
FCT = .75

B0 S99 M=1,NOH
LF(S0G(MH) +44) 4001,4002,u001
4001 CChT1NU:
HOIG=nCUS (LOG(FM) ) *FACT
60 70 4993
§002 CONIKUE
HOIG=160.
4003 CCWTINUE
00 999 JJ=1,n08
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SPS
SPS
SPS
SP5
SPS
SPS
SF$5
SPS
SPS
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VKNOTS = SQRT(ELL®*GRAVI®*FN(JJ) /71,689

00 593 IASTP=1,NASTP

IF (LNRSTPUINSTP) JLE. 0) INWSTP(IWSTP) = 90
WSTP = 1, /7FLOAT(LUNWSTP{IHSIP))

ASLLFE = 130.°HSTP

KTh=KTh+{

ITERAT = 0

IF (THMD(XTH) .GT. 0.) GO TO 1500

IF (nBui(dr) +€Qs 138. +O0rRe HOGLIMM) EQ, Jo) THEG(KTH) = ,09175
IF (HDOLL (MM} <EQs 90+ «OR. HUGL{AM} +ENe 270.) THHU(KTH)

IF (Trlid(«KTn) «LE. 0o) TAMD(XTH) = .2
1500 ITcehal = ITzRAT + 1
THA=THHBO (XTH)

LALLULATED

acCcoo

CALL JANAKA(THM,E0CY,RG8)

00 612 wL=1,NUX

HOIGY = 130.0 - HOIG

TOF=6.253145

XIzAUS(SOTITOP/3AM(LL)) ¢TOPPFN(JJ)*COGIMMI /3AM(LL))

DIHENSIONALIZED BY FULTIPLICATION WITH SART(G/L),

(aNeNaNel

IF(LX1-0.05) 5002,5002,5003

INPURTANCE FOX THE FOLLCWING SEA LASE.

(2B ol ol 2]

5002 COKTINLUE
6XxI=6,¢e5
5003 CONT IiU:
HE (LL) = GX1I*SGL
IN(LL) = OX1
WyLtTh = 3a¥(LL)®cll
WU VANP (LL) d>TP*RVLNTH/2,
XLicBolle) = L1./384(LL)
UN=0.5*0X1**2
DO 2ud L=1,06
0 200 «1=1,6
JALL,M)=3.)
200 J2(L,yM)=0d.13
CU0 1 N=2,NFR
I1ENP = i
OIFF=CH.N(N)-LXL1®SCRT(0.5)
IF(D1FF) 1,3,3
1 CONTIMUL
3 COUNTINUE
N = 1iz4P
CelTi=ura KIN) ~O0daN(N~1)
NUN=HUT-1
RUNMd=6*NJN
K1 NJ43
K2 2*wUN3
K3 KLENIL It

N n

80

= .2

3Y LALLING TANAKA THE ZDOYMAKING COcFFICIENTS FOR THo STATIONS ARE

GXI IS THL NUJ-JDIKENSIONALIZEC FREQUENCY CF ENCCURTEw. IT IS

THE A20vE TEST IS HMADE TO EXCLUCE THE CASE OF GXI=0.0. TRIS HAS

SPS
SPS
SPS5
SPS
SFS
SPS
SPS
SPS
SP3
SFPS
SPS
SPS
SPS
SFS
SFS
SPS
SPS
SFS
SPS
SPS
SPS
SP5
SFS
SPS
SPS
SPS
SPS
SPS
SPS5
sPS
SPS
SPS
SPS
SPS5
SPS
SPS
SPS
SPS

SPS
sP5
SPS
SPS
5PS
SPS
SPS
SFS
SPS
SPS
SPS
SPS
SPS
SPS
SPS

128

130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
1€3
154
155
156
157
158
159
160
161
162
163
164
165
166
167
166
169
176
171
172
173
174
175
176

178
179
180
181
132
183
134

W)




NSKIP = 2% (N-2)*NUdB SPS 185
NELEM = 2*NFR*NUNE SP5 186
DELTO = GX1®SORT(0.5) - OHEN(N-1) SPS 187
TERM = OELTL/GELTY SPS 188
d SPS 189
C THE FULLUKING PrOCECURE REACS IN FROM JRUM STORAGE THE PRESSURES,  SPS 190
¢ c CALCULATED iN >FRG2, NECESSARY TG LALCULATE THE FRESSURE AT THE GXI SPS 191
c FRECUENLY, PRe>SURE MEANS FRESSURE Per UNIT MOTION, PAA AND PAV A SPS 192
¢ PRESSURES SPS 193
c : SPS 194
00 350 X=1,NOSHAL SPS 195
READ (28) (A(I),I=1,NELEM) sPs5 196
00 350 J=1,NCN SP5 197
KK = (J-1)%6 ¢ NSKIP PS5 198
00 350 M=1,6 SPS 199
KM = KM + 1 SP5 200
ARL = A(KM) SPS 201
AK2 = A(XKd+K1) s$PS 202
AT1 = A(KM+K2) sPS 203
AT2 = A(KA+K3) sPS 204
GELT4 = AT1 - ARL SPs 205
DELTS = AT2 - AR2 sPs 206
PAALK,JyM¥) = ARL ¢ DcLT4®TeRrM sPS 207
PAVIK,JyH) = Ak2 + DELTS*TERM sPS 208
350 CONTINLE SPs 209
RcWING 20 SPS 210
DO 202 L=1,10 sP5 211
DELT2= (ALFA(M,L)-ALFA(N=-1,L))/DELTY sPs 212
OelT3= (BLTA(M L) ~3eTAIN-1,L))/ucLTY SP5 213
DALILIZALFAIN=1,L) 4JELT2*(6GXL*SURT(0.5)=0HEN(N-1)) sP5 214
0B14L)=3ETAIN=1,0) +DELT3* (GXI®SQRT (0.5)~0OMENIN-1)) SPS 215
202 COWT LHUE SF5 216
c SPS 217
c VISC 1S LALLED TO CALCULATE SKIN FRICTICN AND E30YMAKING DANPING.  SPS 218
: c spe 219
: CALL vISC(GXIZVD,TVD,THH,ECOY,RGB) sPS 220
ToK0=0.0 SPS 221
00 & K=1,NuS SP5 222
SBKG(K)=J.9 sPs 223
4 CONTINUE SPS 224
IF(IBlLs.-1) 3003,3003,30C4 FrCD 127
3003 SonT1NuE sPs 226
) 4 SF5 227
4 oILGEK 1S CALLEC Tu CALCULATE RCLL DAMPING OUE T0 BILGEKEELS. SPS 228
c sPS 229
CALL BILGEK(GX1,THN,SdKD,T5KE) SPS 230
3004 CGKTINUE sP5 231
c sPs 232
L DA hkc ACOED MASS LOcFFICIeNTS, 03 ARe CAMPING COSFFICIcHTS, BCIH SPS 233
L ARc FUK Tru WHOLE SHIP. SPS 234
4 c SPS 235
3 ¢ SPS 236
DA(1,1)=22Aa1(1) sPs 237
06 (1,1)2031(1) SPS 238
DA (2,2)=041(2) SPS 239
! 86 (2,2)=081(2) sPS 240
0k (3,3)7981(3) 3PS 241
81
; 1]
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ol aE al el

s NeNoReNalale)l

uB(3,3¥=381(3)
JA(2,4)23A1(S)
0B (2,4)=081(9)
DA(2,6)=uAL(8)-FN(JJ)/LXI**2%081(2)
DB(2y06)=J34(a) +FN(JJ)I®CAL(2)
BA(3,5)=)AL(7) ¢rN{JJ)/GXI**2%021(3)
03(3,5)=)81(7)-FNUJJ:®CAL(3)
DA (&,4)=0011(&)
08 (b ,y4)=531(4)
Ob(&,422)3(Lya)+TVO+TBXD
DA (442)=0A(2y4) -
38 (4 ,2)=081(244)
DA(4,6)=0A1010)-FN(JJI)/GXI**2*0B1(9)
08(4,6)=0311(10) +FN(JJ)*DAL(9)
DA(5,3)=0R1(7)~FNIJJ)I/CXTI**2%021(3)
DB {5,3)=081(7)+FN(JJ}*CALLI)
BA(5,5)=DAL(5) +(FN(JJ)/GXT)**2*044(])
08(5,5)=931(5) ¢+ (FN(JJ)/GXI)**2%001(3)
BA(6,2)=0AL{8)+FN(JJ)/GXI**2%CEL(2)
0B(6,2)=081(8)~F(JJ)*DAL(2)
DA(B,4)=0A1(10) +FN(JJ)/GXI**2*081(9)
Jo{6,4)=082(10)=FN(JJ)*DAL(I)
BAIG;6)=IA2(6) + (FNUJJ)/GXI)*+2*041(2)
08(6,6)=ubi{2) ¢+ {(FN(JJ)/CGX1)**2*(B1(2)
IF(1eNC~1) 3001,36C1,3002

3001 COANTINU:

ENOSEF CALCULATES THE AJUDED-MASS AND GAMPING TERMS THAT ARISE FROM
SEPARATION OF THE FLOK 430UT THE HULL.

CALL ENCSEP(OA,03,6XI,PAA,FPAV,J))
3002 CONTINUE

THE FOLLOWING PrOC:.CUrc CniATc> THE COcFFIVIENT MATRICIES TOO AND T
THESt MATRIVILS AR: USed TO SOLVe THE THO SETS uF CUUPLED UIFFERENT

EQUATIONS Fun THE MCTIONS. IN MATHIX FGRY THEY ARE- TO00*X=30C
TEV*x=8€v. TFE FIRST EQUATION IS FUK THE SURGk, HEWVE, ANU PITCH.
THe SclUNU COUATION IS5 FGR THz SHAY, ROLL ARC Yaw,

CO 169 I=%1,3

00 110 J=1,3

IeV=1+1

JEV=J#J

LUD=1EV-1

JOU=Je V-1

TOO(I,90)==GXi**2% (uLHU(IO0G,JO0) +DACI00,J00))
TO0(1,J43)=06X1*03(I0V,J0L)

TO0 (Y 40,043)=2T00(]I,J)
TOUC(1¢3,0)==TO0(I,J+3)
TEV(1,J)==0uX1222% (GAL(IE V,JEV) +DA(IEV,JEV))
TEV(I,J¢3)=0XI*03(IEV,UEV)
TEV(1#3,043)=TEV(]I,J)
TeV(le3,J)==Tevil,J+3}

CUNT it Ue

VURT INLUE .
TOL(2,2)=TU0(2,21+4C33

Tl (243)=T00 1, 3)+C35

110
109

82

SPS
SPS
SPS
SPS
SPS
SPS
SPS
SPS
SPS
SPS
SPS
SPS
SPS
SPS
SPS
SPS
SPS
SP5
SPS
SPS
SPS
SPS
SPS
SPS
FMOD
SPS
SPS
SFS
SPS
SPS
SPS
SPS
SPS
3°%
S¢S
SPs
SPS
SPS
SPS
SPS
SPS
SPS
SPS
SFS
SPS
SPS
SPS
SPS
SPS
SPS
SPS
SPS
5¢5
SFkS
SPS
SF5
SPS

242
243
244
245
246
247
248
249
250
251

ST

253
254
255
256
257
258
2¢9
2€0
2€1
262
263
2EL
2€5
128
267
2€8
269
270
271
272
273
274
275 1
276
277
278
279
280
281
282
233
284
285
286
287
248
289
290
291
292 3

253

234
295
266
267 -
298

Y S




\ 1
4
i 100¢3,2)=T0OG(3,2) +C35 $Ps 299
TO0(3,3)=T00(3,3) +C55 ) SPS5 300
T00(5,5)2T00{2,2) SPS 301
100(5,6)xT00(2,3) SPS 302
T00(6,5)2T001(3,2) SPS 303 1
TOU(by 6)2T00(3,3) sPS 304 i
: TEV(Z,2)2TcV(2,2) +Ch% SPS 305
TSV(S,5)2TiV(2,2) SP5 306
4 c L 3 @ L ] E 3 L 3 * L J L J L L 2 L 3 » FHCD 129
| c FOR A HULL3GKNE HYGROFCIL (IFCIL=2), SUBROUTINE -FOIL- CALCULATES  FucO 130
L THE MOTIUN COEFFICIENTS AND THE' cXGITATIGN FORCcS AND MOMENTS OUE  FMOD 131 j
¢ 10 THe FOiLS. RETURNEGC 8RE THc TERHS FOR THE 100, 808, TEV, ANO FHOD 132
c BEV MATRICIES Frop 133
c FHOO 134
IF(IFOIL-1) 7200,7200,7100 FNOO 135
7100 CALL FUIL(TOOF TEVFsBOCF yBEVF VKNOTS s HAVANP,HOG1 yGXT4ELL RHOs NFyCP FHCO 116
2Ly SPANCHORD S YF 9 2F s DGANNA,CLZ,ASF, THAS ,TyLL) FRHOD 137
00 711C JAz1,6 FMOD 138
0U 7112 JB=1,6 FNCO 139
TUOA(JA,J3)2T0D(JA,JB) FHOD 140
TEVA(JA,JB) ZTEVIJA,J3) FHOD 141
{ TODCJIA,J3)=TOD (JA,J3) +TOOF (JA, JB) FHOD 162
TEV(JA ,J3) 2TEVIJA,J3) +TEVF (JA, JB) FrOD 143 ;
TOCB(JA,33) =TO0 (JA,J8) FrOD 144 ]
TEVOLJA,J3) =TEV (JR,JB) FMOD 145 :
7112 COLTINU= §MCO 146 ]
7113 CUNTINUE FHOO 147 i
7200 CONTINUE FrOO 148 ‘
c L 3 L L ] & » L 3 e - 9 L 3 L ] 4 FHOD 1[‘9
0O 1010 L=1,6 SP5 337
CFXL)=(040,040) SPS 308
1010 CuNiiNUE sPs 309
INOS=U SPS 310
c SPS 311
- c THE EXCITING FOKCES ANC MOMENTS FUX THE WHOLE SHIP (bOD AND EEV) A SPS 312
. L NIH CALCULATED. PEXR ANU PEXI Axc THE FOXuSS AND POMcNTS FOR SECTI SPS 313
c $95 314
3 JO 32 K=1,HUS SPS 315
3 KO=K sPS 316
HN=TOP/3AMILL) /2. ‘ SPs 317
r CP=HN® (5T (K)=TFST)*L06 (M) SPS 318
WF1=LUS{CF) SPS 319 j
, CP2=Sih(CP) SP5 320
WPeT=(CPL+1I*CP2) *0> (K) PS5 321
OLF=5T (K)-TPST SPS 322
00 1643 [=1,NCN ses 323
FRUIy1)SERL(Ky 1) SP5 324
3 FR(1y2)=-SHE (Ky1) SPS 325
FRUI»3)=CSE (Ky2) . SPS 326
FRUI,4)=XX(Ky1) *CSE(Ky 1) =YY (Ky I}*FRII,2) SPS 327
FR(1,5)2-01P*FK(Ly3) sPS 328
1 FRUL,;6)=01P*FR(L,2) SP5 329
1643 CUNTINLUE SPS 330
00 10ul L=1,6 s SES 331
1001 CSUM(LI=(d.0,040) sPs 332
DU 610 L=1,6 SPS 333
DEF(L)=0.0 SPS 334
83




R

610

T

1002

71

10

611

1063
32

CONT1NUE

00 71 J=1,NON
PETZEXPIWN®YY (K, J)})
ARGENN®*AX (K, J) ®S0G(HM)
FCs(CS (ARG)

FS=S1N (ARGH
CFAC(L1)=FC*FR(J,1)
CFACI3)2FC*FR{Jy 3)
CFAC(5)=FC*ER(JS)
CFAL(2)=1i"FS*FR{J,2)
CFuCL)=LI®FS*FR{Jy &)
CFACIBISILI*FS*FR(Jy6)
PPxFNn(Jy3)
QQAx1i*FrR(J,2)*50G(MR)
BODD=(FP*FC+I1*QA*FS)*(GXI
DEVeh=(JC*FL+li®*PP*F o) *(GX1
DUKI=LFAL (D)

BUM2=LFAL(2)
CFALLL)I=CFAC(L)~0C00*CHPLX (PARA(K,Jo1) yPAVIK,Jy1))

VFAC(3)2 FAL(3) ~JU0U*CHPLX (PAA(KyJy3) 3 PAVIK,yJ,3Y)
CFAC{S5)=CFaL(5) =JOUD*CHPLX (PAA(KyJ,5) y PAVIK,J,5))

LFAC(2)=CFAL (2)~DEVEN*CAPLXIPAAIK ) J,2) yPAVIK,J42))
CFAC(%)=CFAC(L)~JEVEN*CAPLX(PRA(K yJyl) yPAVIK,yJ, b))
CFAC{6)=CFAC(6) =0cVENTUHIFLX(PAA(K,yJyB) yPAV(Ky J96))
CFAC(5)=CFAC(S) #{2.*TI*FHIJJI/ULXI)®(LFAC(3)=-CLMI)
CFAL(D)=CFAC(B) ~(2.* T1*FN(JJI/GXI)®*(CFAC(2})-0Un2)

00 1002 L=i,€

COUB L)=CSUH (L) ¢PET* CEL(K,J) *CFaC (L)
DEF(3)=02F(3)=u0utPCrPLXIPA K yJy3) yPAVIK,Jy3))*FETOLEL (KyJ) *4,
OcF{5)=U_F(5)=D0JLPCPFPLX(PAA(KyJy5) yPAVIKyJyS) I ®FLT®*0cl (KyJ)*2,
BEF(2)=UEF(2)-0EVEN®CHPLXIPAA(K J92) yPAVIK,Jy2) ) *PET*OEL(K,yJ) ® 4,
DEF()=UEF (L) ~CEVEN*CMFLXIPRALIK,)Jyb) yPAV (K Jy b)) *PETOCELIKyJ)*2,
BEF(6) SUEF(6) -DEVEN* CHFLX (PAAIK,J,6) yPAVIK,Jy6))*FcT®0L (K )2,
CORT INUZ

0U 10 L=1,6

PEXR (LKD) =aAEAL (C3UMILI*COETIZTVOL
PLXi(LyKOI=AIMAG(CSUNMIL)*CRET) ZTVOL

CQ.‘J ll‘UE

PEXAR(14%XJ) =4, 0*PEXRI1,K0)

PEX(2yK0) =4, 0*P=XR(2,K0)

PEXK{3,K0) =u, 0*PIXR(3,K0)

PEXR(L4 K0} =2, 0*PEXK(4,yXK0)

FEXKIS yK0)=2.0°*PEX)1.(5,K0)

PEXR{6 ynDY =22 L*PIXR(6,K0)

PeX1{6,Ku)=2.,0*P.X1(6,K0)

PEXI(5,K3)=2.0*PEY.I(5,K0)

PEXI(4,K0)=2,0*FXT1(4,KO)

PEXI(S,KI) 24 ,0*PX1{3,K0)

PEXI(2yKJ) =4 0°PeXi(2,K0)

U0 611 L=1,6

PUFR(L 4XK)=REAL(OEF (L) *CPETII) /TVOL/LXIZOSIKI®2,*FNLJY)

POFI(L yK)I=ulHAGIDEF (L)I*CPaT* L) /T VOL/GXIZOSIKY *2,%FN(JD)

*SQkT (0.5%KN) /UN)
*SAKT (04 5*HN) 7UN)

CURTIHUL
S0 1003 L=1,6
CEXIL) =CFX(L) +CPETECSUNM (L)
CUNTINUE
00 103 L=1,3
84
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TaTTISNL L
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3PS
SPS
SPS
SPS
SPS
SP5
SPS
SPS
SP5
SPS
SPS
SPS
SPS
SP5
SPS
SP5
SPS
SP5
SPS
SPS
SPS
SP5
SPS
SPS
SP5
SPS
SP5
SPS
SF5
SPS
SPS
SPS
SFS
SPS
SPS
SP5
SFS
SPS
SPS
SP5
SPS
SPS
SPS5
SPS
SFS
SFS
SPS
SPS
SPS
SPS
SP5
SPS
SP5
SPS
SPS
SP%
SPS

335
336
337
338
339

. 3%0

3461
342
I43
34k
345
346
k1Y 4
348
348
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
3€6
367
368
J€9
370
37
3r2
373
374
375
376
3ar7
378
3179
380
381
382
383
3au
385
386
387
388
389
390
391




LEvzL+sl SPS 392

LOD=LEV-1 SPS 393
800(L, 1)=RTAL(CFX{LOD))/TVOL SPS 354
S00(L+3,1)=2AIMAG(CFX (LOC)) /TVOL SPS 395
GEVIL, 1) =REAL(CFXILEV))/TVOL SPS 3396
BEVIL+3, 1) SATINAGICFXILEY) ) /TVOL SPS 397
103 CONTINUC SPS 398
BOD(1,1)=4,0%E00(1,1) SP5 399
80L(2,1)=4.0%80D(2,1) SPS 400
30£(3,1)=2.0%600(3,1) SPS 401
800(4, 1)24,0%800(4,1) ' SPS 402
30D(591)24,0%300(5,1) SPS 403
d0U(6,2)=2,3%800(6,1) SPS 404
BEVI(1, 1)=4.06*8BEVI(1,1) SPS 4G5
3evi2, 1)=2,0%3EV(2,1) SPS 406
BEV{3,1)22,0%8EV(3,1) SPS 407
BEVIL,1)=4,0®BEV(L,1) SPS L0O8
BEV(5,1)=2.0%8eV(5,1) R SPS «09
JEV(6,1)=2.0%BEV(6,1) SPS 410
C SPS 411
9 BOO(1,1)= Rzhl PART(SURGE/H) BOD (4, 1) =IFAGINARY PART(SURG SPS 412
C BeV{ly1)==aAl PART(SNAY/H) BEV(4,1)=IrFAGINARY PART(SWAY SPS 513
c BOO (2,1)=REAL PUKT (HEAVE/H) 800(5,1) =1HAGINARY PART(REAVY SFS big
C BEVv (2,1)=<EAL FAXKT{(AROLL*L/H) BEV(5,1)=1rRGINARY PART (ROLL SPS 415
c BUO(3,4)=22AL PART(PLTCh*L/H) 800(6,1) =IMAGIHARY PLRT(FITC SPS 416
€ BEV(3y1)=RecaAl PART(YAH*L/H) BEV(6,1) = INAGINARY PaRT (YANH*® SPS 417
o SPS 418
[ L » » * L 4 L . 3 L4 L 3 [ L d FHOO 150
IF(1FuiL-1) 7600,7600,7500 FM0D 151
7500 J0 7510 JA=1,6 FK0OD 152
30CA(JURI=BOU(JIn, 1) FroC 153
8eVA(JA)=b VIR, 1) FNQD 154
dUC(JA,1)=80C(JA, 1) ¢20CF (JA) FNOO 155
BEVIVA1) =3V (JA,1) ¢ BEVF (JA) FXOO 156
d00s {JA) =800 (JA, 1) FHCO 157
deVo{JA)=8cVI(JA,1) FMOO 1¢8
7510 CUNTINUE FHO0 159
7600 CGNHTINUE FH00D 1€0
[ . L 4 . * L ] 4 L4 L . L L 3 » FHOD 161
BOVI(LL,1y1) = BOUll,1) . SP5 419
B8OVILL,1,2) = BOO(4,1) SPS 420
BOVILL,2,1) = BEVI(1,1) SPS 421
BOVILL,2y2) = BeVit,1) SPS 622
BLVIiLL 3y 1) = 8Iul2,1) SPS 423
BCVILL3,2) = 82 (5,1) SPS 424
BOVILLy4,1) = 8EV(2,1) SP5 425
bOVILL,4,2) = BEV(5,1) SPS L26
BLVILLyS,1) = B0OD(3,1) SP5 427
BOVILL,;S,2) = BOD(6,1) SPS 428
BOVILL,6,1) = bEV(JI,1) SPS 429
BOVILL,6,2) = BREVI(641) SPS 430
c SPS 431
- MATINS IS USXU TU SOLVE THE EQUATIONS OF MOTION. SPS 432
C SPS 433
CALl MATINS(TUD,6,6,90Cy1y1,uTEM,I0,INCEX) SP3 434
00 8261 [Q=t,6 FHOO 162
306LLICG) =80u(I0,1) FroD 163
;
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Ry

8202
0201

501

8204
3203

502
108

503

5202
C
L
C

700

694

697

5512

5205

00 8202 JA=1,46
TOOC(Lu,Jq)=100{(1Q,JQ}

CONT IRUE

LtF(10-1) 504,501,502

CALL ﬂhTLNS(TEV)B’G, BEVy131,0TRMy LUy INCEX)
B0 3203 1U=1,6

3EVC (1w =gEV(1aQ, )

00 0204 JC=1,6
TLVLLIC, Q) =TEV(IU,JQ)
CONTINUE )

LF(ID-1) 503,5€3,502

00 1CS L=1,6

CFX(L) x(0.0y060)

GO T0 Y43

CONTINUE

RMO{1,LL)=300(1,1)
KHOL2,LL)I=3EV(1,1)
rM40(3,LL1=30C(2,1)
KMULG,LL) =36V (2,1)

RMCi{%, LL)=300(3,1)
Rei0{65LL)=38EV(3,1)
AIKC{1,LL)=30014L,1}
ATRU(2,LL) =3EV (4,1
AIMO(3,LL) =50u(5,1)
AlMUllL,LL) =8EY (5’1)
AIMG(5,LL)=800(6y1)
AIMO(6,LL) =BEV(6,1)

MO (L, LL)=KNC (4, LL) *BANI{LL)
RHU(S,LL)=xXn0{S,LL)*RAN(LL)
gMC{by LLI=MO(HyLL) *dAN(LL)
AINO(L ,LL) 2ATHO (G, LL) *3AK(LL)
AIMO(S L) =nittulS,)LL ) *dAn(LL)
AINO(6 L) AL MU(D,LL) *EAMILL)
THUALILL) =SORT (RMO(G, LL) ** 2421 K0 L,y LL) **2) *hAVAHP(LL) 7 HVLNTH
IF(IPKk.S-1) 5202,52062,5203
CONTINUE

HYDPRL CALCULATES TH: TuTAL HYDROUYNAMIL PRESSURE,

CALL HYCPRE(RN,BUU,3EV,PAA,PAV,GX1,PREKE yPREIN,yJ i)
LkHD = L = (LL/2)*2
IF (Ink) .E0. 1) WRITe (6,7)0)
FOrMAT (*LPKISSUKe uISTAIBUTICON LIy THE HULL FCn THE SPECIFIEY *

2 *LLNUITLiUNS®)

NRITE (6yH98) HIIGL,FN(JJ) y JAM(LL)
FORRAT (///712H CONDITIONS-/5HOHLAUING=F1d44,5X,

2 15k FRUJU.=NUMBcR=F1044,5X, 1640 WAVELENGTH/L=F10.4)

Hx1TE(64697)

rORMAT (/7))

HKITE(B,550)

FORNMAT (0 JIXy22H PXaSSURz ULSTRIBUTION)
KAz

Ju 5204 K=1,MNUS

IF (S1FR(K)) 5209,5204,5205

CONTINUL

KPA=KP A+

HklTe (0,5206)K

P x
¥ v - »

FMOD
F¥00
FHCO
FMOD

FHOC
FMOD
FrCcD
FHCD
FMCO
FMOO
SPS
SPS
SPS
SPS
SPS
SPS
SPS
SPS
SPS
SPS
SPS
SPS
SPS
SPS
SFS
SPS5
SP5
5P5
SPs
sSPs
SPS
SPS
SFS
Froo
SPS
SPS
SPS
SPS
SFS
SPS
SPS
SPS
SPS
SPS
SPS
SPS
sSPS
SPs
>PS
SPS
SPs
SPS
SPS
SPy
SPS
SPS

164

166
167
43%
168
163
170
171
172
173
W28
439
44
Lb)
442

4LES
LEQ
470
471
472
473
L76
475
L6
L7
u78
479
480
481
482
483

chiniie 3 N,
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ST86 FumMAT (73HIAPPLITUOE ANO PHASE UF THE PRESSURE FOR THE SPECisI1EC P SPS
LUINTS On SECTION I2)

HR1TE(6,5207)

S207 FORMAT(25Xy13H Y~COORUIMATE,)SXy13H Z-CCOXKOINATE,?7X,10H AMPLITUDE,!
12X 460 PrASE)

6222

6226
6223

6226
6225

752
753

751
756

5210
5209
5203
5206
5203

612

Co-===TEST FCR CONVEKGFJICE OF ROLL ANGLE

1505
2402

5614

00 5208 JS*1,2
IF(JS-1) 6222,6222,6223
COnT IUe
CSPa1.0
NRITE(6,56224) -
FOHMAT (16H STARBOARD SIO: )
60 TO 6225
CONT IXLE
CSP=a~1.0
WRITE(6,6226)
FORFAT (11K PORT SIODE )
CONT INLVE
00 5209 J=1,KCN
JHSJENON® (JS=-1)
YPReSEXX(KyJ)*LL*CSP
IPRES=YY(K,J)®EL
AY=SARTIPREKE (KFA, JX) **24PREIN(KPA,JM) *22)
IF(PRCINI(KPA,UH)) 751,752,751
IF(FFERE(KPA,JM)) 751,753,751
PH=G.0
GO TO 754
PH=UTANZ(PRELM(KPA, JM) yPRERE (KPA, JM)) *FACT
CUNT INUE
HKKITE(6,5210) YPRES,ZPRES, AV,PH
FUIMAT (29X yF10e4 10X, F10.%,10X,F10.%,19X,F10,4)
LUNT IKUE
CONT 1MUE
Lual INLE
CONT 1hu=

IF (ML +£Qs 2) CALL LCADS
wOnT INLE

RHMD (KTH) =3MAX (NUK,THCAL)

THULFF = THHD (KTd) = RHKO(KIH)

THERAL = Ado(THDIFF)

INND (KT} = ITLRAT

HHOCLTERAT 9 KTH,y 1) = THMO(KTH)
HMULIITERATyKTH,2) = PHEC(KTH)

IF (1nURAU «LE. cP3! GO TO 1505

IF (ITLRAT +2G. 5) GC TO 1505

THHO(XKTH) = THMO(KTH) = SIGN(L1 ., THIIFF}*FCT*THORAC
6C TO 1500

IF(IFOLlL=-1) 24G1,2001,2402

AITe(b,y2198)

00 5614 JH=1,2

IF(JB E'Y. 1) H=1

IF(UH .ed. 2) n=6

IF(H «cde 6 +ANDs FRNTOP LEQs MIN) GO TO 5614
WKITE(Hy2199) TITU,HODICL,VKNQTS,FN(JJ)

CUNT INUE

Wx1Te (6,2230)

HR.TE(b,<2231)
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Arrmo

SPS
SPS
SF$
SPS
5P5
fFMCOD
SPS
SPS
£Ps
SPS
SPS
SPS
SPS
SF5
$PS
SPS
SPS
SPS
SPS
SPS
SPS
SPS
SPS
SPS
SP5
SPS
SPS
SPS
SPS
sPS
SPS
SPS
SPS
SFS
SPS
SFS
SPS
SPS
SPS
SPS
SPe
SPsS
SPS
SPS
SPS
SPS
FNCO
FHCO
FHCC
FKBOO
FHCD
FHOO
FHOO
fFrOO
FRCO
FKCO

484
485
L86
487
448
489
175
491
492
493
494
495
496
87
438
699
500
501
502
503
S06
505
506
507
508
509
510
511
512
513
Sk
515
S16
517
518
519
520
524
522
523
524
525
526
527
528
529
530
176
177
178
179
180
141
132
143
134
185
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DO 2300 LX=1,NOK FHOD 186

LNEIRC=NOK=LX+1 FNM00 187
2360 WRITc(642202) ZNILREINC) o (T (LHEINC, KX) yXX=1,10) FHOD 138
Hr1TEL6,2204) FMO0 188
WRITE(6,2205) FH00 190
Du 2391 X=1,y,NUK F800 191
LHCINC=NIK=LX41 FNMOD 192
HR1TE(692202) ZK(LMEINC) o (T (LHEINC,KX),KX=11,20) FNCO 193
2301 ARITE(692203) (TCLWEINC,KX) sKX221,30) FMO0D 134
WKATE(6,22086) . FrECO 188
WRITe(6,2207) : FHOD 196
00 2302 tX=z1,NuK FMO0 197
LHEINLENUK=LXeL FMGD 198
HRITe(692202) INCLHEING) o (T (LHZINC, KX) , KX=31,40) FroO 199
2332 ARLTE(6,2203) (TILWEINCyKX) ,KX=41,50) FMOD 200
RRITE(652204) FHCO 201
RKITEL(H,2209) FN00 202
00 2303 LX=1,NOK FrOD 203
LREINC=NUK=LX¢L FKCO 206
RRITE(6,5,2210) INCLMELNC) » (T(LWEIKRC, KX} ,KX=51,56) FMCC 205
2303 RRITL(692211) (TL{LRLINCyKX) 4KX=57,62) FHrOO 206
IF(IFRINT) 2401,2401,38300 FHOD 207
4009 HRITE(b,3001) FROO 208
00 8101 IQ=1,3 FNUD 208
J0=10+10-1 F®OO 210
8101 WKITE(6,8321) (TODA(IQ,KQ),Ku=1,6),JQ,3004(IQ) FHCOD 211
00 8102 IQ=4,6 FrQO 212
JAQ=1C+1Q-7 FHOO 213
8102 WR1Tce(6,3022) (TODA(IQ,KQ),KG=1,6),J0,800A(IQ) FMCO 214
HkITE(6,3002) FHOD 215
00 8103 IQ=1,3 FRUD 216
JG=10+10-1 FMCO 217
8103 WRITL(6,8021) (TODF(IQ,KQ),K0=1,6),JQ,800F (1Q) Froo 216
00 0104 IQ=4L,56 FMCO 218
JQ=10+1Q-7 FHCC 220
8104 HkITc(6,8022) (TOJF(1Q,x0),K0=1,6},J0,300F (IU) FNGC 221
HRiTe(n,3003) F®00 222
00 o105 10=1,3 FHMGC 223
Ja=10+1IQ-1 FHMCD 224
83105 WKITc(6,3021) (TLI3(10,XQ),KA=1,6),JQ,v003(10) FNCO 225
DO 0106 iQ=4,56 FHOD 226
JQ=1G+Ia-7 FMCOD 227
8106 HRITL(6,8022) (TO03(IQ,KQ),KU*1,6),JQ,3003(10) FrCO 228
W ITe(6y3004) FHOC 229
DU 8107 IG=1,46 FHOO 2306
8107 rxITE(6,8023) S0uUC(IW),(TODC(IC,KQ),KQ=1,6),30UB(10) FFroo 231
WKITz (694011 FH00 232
CC 8100 I0=1,3 Foe 233
JQ=Tut 10 FHOO 234
0106 nxITE(B,8021) (TEVA(IONKO),KA=1,6),J0,8eVALIQ) FHCO 235
JO 8109 10=24,6 FHOO 236
JG=1UtIQ-5 FuCO 237
8103 dAxliF(6,3322) (TEVAL1Q,KQ) ,KA=1,6),JQ,dEVA(IQ) FrCO 236
1T (6,3012) FrCO 239
D0 6110 iC=1,3 FHOC 240
JQ=i10+1iQ FM00 241
811C WKITE(E,3021) (TEVF(1C,KQ),KUz1,6),J0,3EVF(10) FNCOD 242
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8111

8112

8113

8114
2501

780

781
998
999

D0 8111 IQ=4,6

J3=10210-6

ARITE(6,0022) (TEiF(LO,KQ),KQ*i,o),JQ.
MR1Te€653013)
00 8112 1IQ=1,3
Ja=lu+1Q
NxITE(653021) (TEVB(1Q,XQ),KA=1,6),J0,3EV3(IQ)
30 8113 IO=k,6
J2=10+1Q-6 .
WRITE(6,8022) (TEVB(IQ,KQ),KA=1,6),4QyBEVB(IQ)
HRITECG,3014)
00 #1146 I0=1,6
Hr1Te(6,3023) 3EVC(IQ),(TEVC(10,KQ)yKQ=1,6),BEVL(IQ)
IF (InSIP .EQ. 1) CALL EXCFK
CALL HMCTOUT
IF (kL .€EQs 1) GC TO 701
ITENP = PRITOPF
NOSN1 = NUS - 1
80 700 ISTAT=1,NOSHL
PRNTUP = AIN
IF (STLBUASTAT) «uTe Je) PRNTUP = ITENWP
CALL LCOOUT(ISTAT)
LCOHT INUE
PRNTOP = ITENP
CCKhTLINUE
CONTINUe
LONTINUE
CALL KCTA3L
RETURN
ENO

E¥YF(10)
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FN0D
Fro0
Engo
Fnco
FRroOO
FrQ0
FMOD
FNOD
FRCO
FMCO
MO0
Fnoo
FrOO
FrCOo
£ 1.4
sPS
SPS
SPS
SPS
SPS
SPS
SPS
Ses
SPS
SPS-
SPS
SPS
SP5
SPS
SPS

243
244
245
246
247
248
248
259
251
252
253
254
255
256
532
533
534
535
536

538
539
540
Su41
542
543
Skk
54s
546
547
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SUBROUTINE FOIL (TUDF o TEVF +BODF yBEVF « VKNOTS s WAMPL ¢ HUGY +GXI sELL +RHOs FOIL
2NFe01402+03404905+06407¢0BeU+TMAS ToNFKEQ)

COMMON /QFOIL/ GA(646)

DIMENSION TOOF (640) s TEVF (6+6) »BODF (6) +REVF (6)
OIMENSION N1(10)+22(10)+03(10)+06(10)+05(10)406(10)+Q7(10)4+08(10) FOIL

209(10)

DIMENSION GB(646)96C(6e6)s6F (6) 4T(32+62)+GAA(646)
COMPLEX CKe832+C2+P15334P1C33+P2H35+P1CISP2C35,P18L2+P18244P1C244P FOIL
128269P1C25+P1uus ¢ P234u s P1CLG4P2B46+PLCLO6PLIBS3PIC53+4P3BSSIPICSSP FOIL
22C55+P18629P 164+’ 1CH4+P2R66+PLCEL
COMPLEX C+EXLIEXMIAAGARGIHSINGHCOS VI sV2oW) s W2sPLY+PF24PF3+PL2sPFG FOIL

24PM] +PFS+PFH e e w3
COMPLEX G3+GCouLF

FOIL
FOIL
FOIL

FOIL
FOIL
FOIL

FolL
FOIL

P1A33=P1A3S=P1835=FP1A22=P1A24=P1A26=P1B26=P1AL4L=P2ALL=P)AL6=P1BL6= FOIL
1P1ASS=P1B55=P2BS5=rP1466=P1R66=P3866=0.
P1R33=P1C33=P2+435=P1C35=P2CIS=PK22=P1324=P1C24=P21326=P1Cco=P1Bs4= FOIL
2P2R44L=P1C44L=P2BL6ZP1C46=PIRG3=P3BSS=P1C55=P2C55=P1u62=P1B64=P1C64= FOIL

3P2B66=P1C66=(V,+0.)
PF2=PF3=PF4=PFS=PF6=(0.+0,.)
D0 200 I=1+6

GF (1)=(0.+0,)

D0 201 J=l.6

IF(NFREQ +E0. 1) GA(I,J)=0,
GB(sJ)=(0,40.)

201 GC(I+J)=(0.40.)
200 CONTINUE

MULTIPLICATION FACTORS FUR NUN-DIM., ARE

ACCEL FORCLS
VEL., FORCES
DIsSPL, FORCES
SUBSCRIPTS 11413431433422

INERTIA MOMENTS

ANGULAR VEL., MUMENTS

ANGULAR DISPL. MUMENTS
SUBSCRIPTS 5S5464946,64466

CROSS INERTIA
CROSS VEL.
CROSS DisPL.

(1./MASS)
(1./MASS) *SQRT (LPP/GRAV)
(1./MASS) * (LPP/GRAV)

(1./MASS) /LPP*e2
(1./M855) *SOURT (LPP/GRAV) /LPPB#2
(1./MASS) # (LPP/GRAV} /LPPe82

(1./MASS) 7LPP
(1,/MASS) #SORT (LPP/GRAV) /LPP
(1,/MASS) @ (LPP/GRAV) /LPP

SUBSCRIPTS 15,35+51453424+26442+62

EXCIT. FORCES/WAVE AMPL, LPP/(MASSeGRAVewAMPL)

SUBSCRIPTS 142,3

EXCIT MOM,/WAVE AMPL,
SUBSCRIPTS 44546

GRAV=32.2
RMASS=1,./TMAS
ZLDIVG=ELL/GRAY
ELLSN=ELL®ELL
FA1=RMASS
FB1=RMASS2SORT (ZLDIVG)
FCl=rRMASS*ZLDIVG
FA2=FALl/ELLSD

90

1./ (MASS*GRAVSWAMPL)

e ——

FOIL

FoIL
FOIL
FOIL
FOIL
FOIL
FOIL
FoOIL
FOIL
FoIL
FolIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOlL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FolL
FOIL
FOIL
FOlL




vt

1

ut

c

FB2=FB81/ELLSO
FC2=FCl/ELLSQ
FA3=FAl/ELL

FB3=F381/ELL

FC3=FCl/ELL

FDY=ELL/ (TMAS“GRAV#WAMPL)
FO2=FDI/ELL

P1=3,14159

XMU=(180,0-HJ61) /S7. 2957795
U=VYKNOTS*1,.489

SINMU=SIN (XMUY)

COSMU=COS (XMy)
OMEGAE=GX [ eSORT (GRAV/ELL)
GDIVU=GRAV/ (2.°0)
OMEGA=~GDIVU«SURT ((GDIVUSGDIVU) + (2,.*GDIVU*OMEGAE) )
Al=PI*RHO

A3=Al*U

81=0,5uRn02y

Cl=81%y

88=CMPLX(0,414)

SUMMATIONS FOR FOIL CUEFFIC!ENTS AND EXCITATION FORCES / MOMENTS

[N S, ———— —_—

c

DO 100 I=1sNF
cPL=A1 (1)
SPAN=Q2 ()
CHORD=0J (1)
S=06(1)Y
Y=0Q5(1)
2=06(1)
DOGAMMA=QT (1)
cLz=q8 (1)
ASP=09 (1)
NCPL=CPL
AREA=SPANSCHORD
ASPRAT=SPAN/CHURD
ASPCOR=ASPRAT/ (ASPKAT+ASP)
CPL=CPL®ASPCO~
GAMMA=DGAMMAY/ST 2957795
SING=SIN(SAMMA)
SINGSO=SINGASING
COSG=COS (GAMAN)
COSGSN=COSLACUS6
CLALPH=2,%P}
XK1=0,540VEGAE *CHUND /Y
XK2= (OMEGA®OMLLA) /ORAY
XK3=0,5° (UMEGAEsQOMEGAE) ®CHORD P COSMU/GRAV
CALL THEO (XK1 +CK)
A2=0,25%AREABLHORDSCPL
B2=AREASCLALPRACKCPL
C2=CL2eAREASCRaCPL

- - < L] L] » * L 3 * [ 2 L ] L ] *
IF (NFREN 46T, 1) LO TO 308
P1A33=P1A33+ (A28CUSOSD)
P1A3S=P1A3S+ (A2¢5%CUSLSY)

9

FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FoIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL

59
60
61
62
63
64
€S

67
68

70
71
72
73
74
75
76
17
78
9
80
81
82

84
85

87
a8
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
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308

25

P1ASS=P1lASS5+ (A2#CUSLSO® (CHORD*CHORD/32,+5%S))
P1A22=P1A22+ (A29SINGSU)
P1A24=P1A24u+ ((A2¢L8SINGSN) « (A2¢Y*SINGeCOSG))
P1A26=P1A26+ (A29S*SINGSQ)
Plas4=PlAnGs (ArEACAREA®SPAN/48,) sCPL
P2A44L=P2AGL+ (A2 ((L*SING+Y®*COSG) **2))
P1A46=P1A46e ((A292952SINGSQ) » (A2#Y*S*SING*COSG) )
P1A66=P1AS6+ (R2*SINGSU® (CHORD*CHORD/32,+5%S))
P1833=P1833+ (82+CUSGSQ)
P1835=P1835+ {A2#CUSGSQ)
P2835=P21335+ (c29CUSGSU* (S+ (CHORD/%4.)))
P1853=P1853+ (132* (S~ (CHURD/%4) ) *COSGS0)
P18SS=P 1855+ (A2*S*CUSGSW)
P2R55=P2B55+ ( (CHURD*¢3) *SPAN#C05GS0/16,) *CPL
P3RSS5=P3B55+ (2@ (5+ (CHORD/4,) ) #(S-(CHURD/4,.) ) #CUSGSQ)
P1822=P1RB22+ (822SINGSQ)
P1R24=P1824+ ({62*2eSINGSQ) + (82°Y*SING®*C0SG))
P1B26=P 1826+ (A20SINGSQ)
P2826=P2826+ (02® (S+ (CHORD/4 . ) ) #SINGSQ)
P1844=P1BuL e (d20SPANGSPAN/]Z, )
P2R44=P28GG s (B2 ((Z*SING+Y®COSG) #22))
P)R66=P1BG6s ((A22L2SINGSO) « (A2°Y#SING#COSG) )
P2R46zP2865 4+ (20 (S+ (CHORD/4,) ) @ ((Z#*SINGSQ) + (Y#SING*COSG)))
P1R62=P1B52+ (B22 (S~ {THORD/4,) ) *SINGSO)
P1R6E4=P1BOG e (82¢(S=(CHORD/L4) ) # ((Z#*SINGSQ) + (Y#SING2COSG)))
P1RB66=P1866+ (A225*SINLSQ)
P2RE6=P2R66+ (8522 (S+ (CHORD/44) ) #(S~{CHORD/4.)) *SINGSQ)
P3966=P3BS6+ ((CHIRD#23) #SPANTSINGSQ/16,) *CPL
P1C33=P1C33+ (C22CUSL)
P1€35=P1C35+ (822CUSGSQ)
P2C35=P2C35+ (L2 (5~ (CHORND/4,) ) 2COSL)
P1CS3=P2C35
P1CSS=P1C55+ (824 (S=(CHORD/4,) ) #COSGSQ)
P2C55=P2CS55¢ (C22 (>+ (ChORN/4 . ) ) = (S~ (CHORD/4.) ) #COSG)
P1C24=P1C24+ (C22Y2SING)
P1C26=P1C26+ (822SINLSQ)
P1C6L=P1COG+ (L22(S~(CHORD/G,.) ) BYSSING)
P1C66=P1Chb ¢ (328 (S~ (CHORD/S,) ) *SINGSQ)
PlCaL=PlCGLs (L28YY((Y2CUSG) ¢ (22816}
P1C46=P1Cu6+ ((d29L¥SINGSN) + (822YASING2COSG))

o »* -4 -3 -3 L) @ o * * » L ]
CALL EXCIT(XK34XK1+CKyEXLIEXM)
C=CMPLX (CUSG«SINMUG)
XREAL=XKZ2®SINL
XIMAG=XK2eSINMURCUSOH
AA=CMPLX (XPEAL + =X IMAG)
ARG=0,59AA9SPAN
HSIN=0,5% (CEXF (ARL) ~CEXP (~ARG))
HCO0S=0,5%¢ (CEXF (ARVL) +CEXP (=ARG))
V1=(2./A8) #XSIN
V2= (1.7 (AA2AA) ) @ (AAPSPANRHCUS=2, #HSIN)
XREAL=XK2°Z
XIMAG=-XK2oY35INMU
AA=CMPLX (XREAL « XIMAG)
AA=WAMPL POMEGAPCEAP (AA) °C
Wl=AA®V]edR
W2=AA#V2#48
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132
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W3=AA®83 FOIL 173
IF (NCPL-1) S1+51,5¢ FOIL 174
50 wWl=2.ewl FOIL 17S
5 W2=2,ew2 FOIL 176
W3=2.°0W3 FolL 177
S1 XIMAG=~XK2252COSMU FOIL 178
AA=CEXP (CHPLX (0, +XIMAG)) FOIL 179
C=CHORD®EXLSAA FOIL 180
) PL1=C2AIMAG (W]) °8d FOlL 141
. PF3=PF3+ (PL1°CUSGSASPCOR) FOIL 182
- PL1=CeREAL (W1) . FoIL 183
PL2=CHORD®*W20E XL FOIL 184
PM1=0,259CHORUCHUORD*EXM*AA FOIL 185
5 PFS=PFS=-(((-5°PL]1)-PM)2dB2AIMAG (W3) ) *COSG) *ASPCOR FOIL 186
HD=HDG1 FOIL 187
IF (HD ,GT. 180.) nD=HD-180. FOIL 188
IF(HD 6T« 172.) LO TO 106 FOIL 189
IF(HD .LT. 8.) 6V TO 100 FOIL 190
) PF2=PF2-(PL1*SING?ASPCOR) FOIL 191
PF4=PFa4+ (PL2+PL12(Y2COSG+Z2SING) ) #ASPCOR FOIL 192
PF6=PF6+ (((SerL]) +PM12REAL (W3) ) #SING) *ASPCOR FOIL 193
100 CONTINUE . FOIL 194
c FOIL 195
5 Comem ———— et e LD L FOIL 196
c FOIL CUEFFICIENTS (NON-DIM,) FOIL 197
Come mmemccc—em——a. ———— -- -- FOIL 198
IF (NFREQ .GT. 1) LU Tu 310 FOIL 199
GA(343)=FAle(+A)eP1A33) FOIL 200
) GA(3+5)=FAde(-A1%P1A3Y) FOIL 201
GA(5+3)=6GA(3+2) FOIL 202
GA(S5+5)=FAPe (*A]2P]ASS) FOIL 203
GA(2+2)=FALla(+A]2P1A22) FoIL 204
GA(2+4)=FAa30 (=A12r]1A24) FoiL 205
H GA(2+6)=FA38(+A1%P1A20) FOIL 206
GA(6+2)=6A(24%) FOIL 207
GA(G+4)=FA20 (+AL*(PlALGL+PRALGY)) FOIL 208
GA(4+6)=FA2e(=~A1°PlA4G) FOIL 209
GA{6+42)=GA(246) FOIL 210
) GA(6+4)=GA(440) FOIL 211
3 GA{6+6)=FA2e (+AL14P1ALH) FOIL 212
310 GH(3+3)=F3le(+512P1333) FOIL 213
“ GB{3+5)=2F830(-A32P 835~ 2P2K35) FOIL 214
. GB(Sy3)=Frs30 (-]~ ]1453) FOIL 218
> GB(S5+5)=F =20 (+A32r ] 155+A38P205543] 2P 3155) FOIL 216
Gy (2y2)=F3le(+n])orin2?) FOIL 217
GB(2+4)=F830 (-819r1424) FOIL 218
GB(2+6)TFRBI0(+A307]1826+819P20826) i FOIL 219
6B(4+2)=063(244) FOIL 220
) GH (4 44)=F320 (+d]12 (Pldus+P2RGG) ) FoOIL 221
GY(646)=F828 (ma3ePnap-8l8P2H4s) FOIL 222
GB(642)=F B30 (¢nlerine?) FOIL 225
GB(6+4)=Fp28 (~4]9P1H64) FOIL 224
GB(546)SFu2e(+A39P1B46+48]12P2R664A12P3B6S) FOIL 225
) GC(3+3)=FCle(+C1°P1C33) FOIL 226
GC(3+5)=FCI2(~C12(P1(35+P2C35)) FOIL 227
GC(S+3)=FC30(~Cle~1C53) FOIL 228
GC(S+5)=FC28 (+Clo(FICD5+P2CS55)) FOIL 229
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g F

o000

e XpXg]

400

GC(2+4)=FC3#{~-C1*#P1C24)
GC(2+6)=FC32(+C1+P1C26)
GCl4+4)=FC2e (+CleP1C4%)
GC(4+6)=FC2® (~-C1*P1CL6)
GC(6+4)=FC2# (~C1#P1C64)
GC(6+6)=FC28 (+C1*r1C66)

DO 400 K=1+6
T(NFREQsX)=GA (K.K)
TINFREQ+K+10)=REAL (GB (K4X))
T(NFREQ+K+20) =AIMAG(GB (KK))
T(NFREQsK+30) =REAL (GC(K+K)).
T(NFREQsK+40)SAIMAG(GC(KK))
TI(NFREQ+7)=GA(3,3)
T(NFREQ+8)=GA(24+6)
TINFREQ+9)=6Aa(2+4)
T(NFREQ+10)=GA(4+0)
TINFREQs17)= HEAL{GB(3,5))
T(NFREQ+27) =AIMAG(0OY (345))
T(NFREQ+18)= HEALI(GB(246))
T(NFREQ+28) =AIMAG(LE (26))
TINFREQy19)= REAL(GB(2+4))
TINFREQ+29) =AIMAGIGB(244))
TINFREQ+20)= REAL(GB(4+6))
T(NFREQ+30)=AIMAG(0B(446))
T(NFREQ+37)= REAL(GC(3,5))
T(NFREQ147)=AIMAG(GC(3.5))
T(NFREQ»38)= rEAL(0LC(2:6))
T(NFREQ48)=AIMAG(GC(246))
T(NFRE0+39)= KEAL(GC(244))
TINFREQ149)=AIMAG(GC(244))
TINFREQ+40)= REAL(GC(445))
TINFREO+SV) =aIMAG(GC(446))

A==-GXI12G6Xx1

B=6GX1

D0 202 I=1+6

DO 203 J=146
GAA(T1+J)=A*GA(]J)

203 GB3(14J)=B2GR(1+J)
202 CONTINUE

FOIL COMPONENTS FOR MATRICIES

00 205 I=1.3
DO 206 J=1+3
IEv=ls]
JEV=Jed
I0D=iEV-1
JOD=JEV~1

MULTIPLICATION OF ACCELERATION TERMS oY
MULTIPLICATION OF VELOCITY TERMS BY +GXI

~GXI*GX1

~700 AND TEV~-

TODF (1+J)=GAA(10U»JU0) -ATMAG (GB (1004J0D) ) +REAL (GC (10D, J0D) )
TODF (1+4J+3)=+REAL(GB(I0LJOV) ) +AIMAG(GC (1UD+IOD))

TODF(1+34J43)=TOUF (14U}
TODF(1+34J)=~TUDF (1+J+3)

TEVF (1+ D) =GAA(JEVJEV) ~AIMAG (OB (TEVIJEV) ) +REAL (GC(IEVJEV))
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FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FoIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOlL
FOIL
FOIL
FOIL
FOIL
FolL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FoOIL
FOIL
FoIL
FOIL
FOIL
FOIL
FoIL
FOIL
FOIL
FOIL
FOIL
FoOlIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL

230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
2S1
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
215
276
277
218
279
280
281
282

283

284
285
286

W

Srtact tash

A

L




\ady

c
C
C

4

TEVF (1aJd+3)=+ne AL (OB LIZVeJEV) ) +ATMAGIGC (1EVLJEV))

TEVF (1434J43)=TEVF (14J)
TEVF{1+3e2)==TavE ([4J+3)
206 CUNTIWUE
205 CONTINUE

EACITATION FOURCES AND MUMENTS (NUN-DIM,)

- ———— - — g = an - " VS - T —— - - . AP = - oy

GF (2)=FD12(+a3#PF ¢)

GF (3)=FD1*(+A32PF 3)

GF (6)=FD2° (+23°PF &)

UF (5)=FD2% (+A3%PF D)

GF (6)=FD2*{+A3*PFo)

DU 402 K=146

TINFREQIK+50)= ReAL (GF (K))
402 T(NFREGsK+56)=AIMAL(GF (K))

FOIL COMPUNENTS FUx MATRICIES -80D AND uEV-

30NF(1)=0.0
BODF (2)=+re AL (UF (3))
BINF (3) =+<E AL (SF (D))
RUNF(4)=0.0
RUNF(5)==4144A0(GF (3))
BUNF (6) ==nMAL(GF (5))
HEVF (1) =+rc AL {OF (£))
H4eVF(2) =+ AL (GF (4) )
seYF (3)=+=EAL (UF (6))
ReYF () ==a [MAL(OGF (2))
HEVF (5)==-AIMAL (GF (4))
weVF (6)==4TMAL(GF (o))
e TURN

G99 EnD
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FClL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FolL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FOIL
FolL
FOIL
FOIL
FOIL
FolL

287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
sil
312
312
314
315
316
317
318

320




Vo~NOWNSTWN

SUBROUTINHE THEO (XK1,CK) THEO
COPPLEX CK THEO
1001 FOrMAT (® JO IER=%,12) THEOQ
1002 FOKRMAT (¢ Ji ISR=%,12) THEO
1003 FOrMAT(® Yd IZR=*, 12) THEO
1004 FORMAT (¢ Yi IER=*,12) THEO
. CALL 13ESJ(XK1,y0,XJ0,1.E-5,1ER} THEC
1F(lémeGEL3) GO TO 77 THEQ
CALL IBESJ(XK1,1,XJ1,1.E=64IER) THEO
IFC(IER.GE.3) GV TO 78 THEO
CALL IBESY(XX1,0,Y0,1ER) THEC
IF(Itk.C3.3) GO TO 79 THEOC
CALL 182SY(XK1,1,Y1,IZR) THEO
IF(1EK.EG.3) Gu TO 30 THEO
T1=XJ14Y0 THEG
12=Y1-XxJ] THEO
X=XJ1*T1¢Y1*T2 THEO
Yx-Y1*Yd-XJ1*XJO THEOQ
ULK=CHrLAIX,Y) THEGC
X=T14T1e72%72 THEO
CK=CK/ X THEO
GO TO 4t THEO
77 ARITc(6,1021) 1cR THEO
GO TO 81 THEO
78 WriTE(6,1002) IER THEO
60 TO 41 THEO
739 WR1Te (6,1003) IER THEO
60 TU ol THEO
80 WRITE(6,1034) IER THEO
81 rETURN THEO
ceNOD THEO
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1001
1092
1002
1004

77

73

80
81

SUSRLUTIE EXCIT(XK3yXK1;CKyEXL,,EXH) EXCIT 2
CCVPLEX uK’l—lyTZ’r3’T‘0)LXL,E‘.XH’V EXCIT X
FURMAT (¢ Jo IEx=%,12) EXCIT 4
FORMAT (* Ji 1ER=*,12) EXCIT S
FurBLT (* J2 1€k=*,12) EXCIT &
FUaBLT (* J3 IER=%, 12} EXCIT 7
IF(XKR3) 243,3 £XCIT 8
ISI6r=0 EXCIT g
oL TG & - EXCIT 10
ISIGh=1 EXCIT 11
XK3=A3S(%XK3) EXCIT 12
SALL IEESJ(XK3,0,XJ0,1.E~4,IER) EXCIT 13
IF{1cR.Gzs3) GU TO 77 EXLIT 16
CALL I5z3J(XK3,1,XJ1,1.E~6,1ER) EXCIT 15
IF(LER.GE.3) GO T0 78 EXCIT 16
LALL IDESJ(XK3,29XJ2y1.E-b,1ER) EXCIT 17
IF(LERG=43) GU TO 79 EXCIT 18
CALL 13E3J{XK3,3,XJ3,1.E-6,1EK) EXCIT 19
LF(1ERWGES3) GG TO 80 EXCIT 240
IF(ISIGN) 5,5,6 ExCIT 21
XJ1=-XJ1 EXCIT 22
X33==XJ3 EXCIT 23
XK3=~XK3 EXCIT I
T1=CMPLXIXJI0,~XJ1) £XCIT 5
T2=71+CK EXCiT 2h
R1=0.54XK1*(XJI+XJ2) EXCIT 27
T3=LMFLX(3.y51) EXCIT 28
EX=T2+T3 EXCIT 29
T1=XJ404C< EXCIT 3o
T2=XJ1*(1.~uLK) EXCIT 3
V=CHELX(Jdeyle) EXCIT 32
T2=V*72 EXCIT 33
RLZ(X¥J144I3) ¢ (XK1/744) EXCIT k)
T3=uruXixl, C.) EXCIT 15
Ta=CHPLA(XJIZ,3.) EXCIT 6
EX¥=TL+I2-T3¢T0 €xCIT 7
60 TO &1 EXCIT 38
WeITec (6, 1004) LiER EACIT 9
6u TC &1 EXCIT wl
WRITE (Ry1002) IER EXCIT 3%
G6u TC 21 EXCIT by
WriTo(6,1003) LlER EXCIT 63
66 70 &t EXCIT L
AnITt (o, 1004} 1ER EXCIT LY
RETUrh ExXC1T ¥*
=ND EXCIT L7
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------ VERSION 4 - CDC 6700 - L OADS =~ JUNEs» 1972

SUBROUTINE LOADS

LOoL
LOD

LoD
LoD

COMMON AM(27) «NUT +NHMAS 4 NOS+ST (25) +DS(25) oEL+ELL 9 X(25¢8) 1Y (25+8) +PHLOD
1AS(27) ¢ XMAS (27) +ZMAS(27) ¢yRRG{27) ¢ XG12G s TMAS«ETh4 EISS5+E166+E146+TPLOD
2STsRF3I3+RMIS sRMSS ¢DGMeDIP ¢ KeNe TVOL +ALFA(40+11)+BETA(40411)+HDG(10)LOD
3sFN(S) +BAM(30) +COG(10) ¢SDG(10) yOMAX yOMINGNFR¢NGKyNOB«NOHsOHMEN(40) »LOD
GFER(T46) o XX(25¢7) s YY (25e7) +DEL (25+7) oSNE(25+7)1CRE 25+7)9ENL(25,7)4L0OD

SUN+OMEGA» 1D+ TITO(12) +WORD ¢NONy IXAST¢HDG1 (10} « 17 ,CBV+CHCsPRNTOP
COMMON ST1(27) ¢ YMAS(27) +BEAMsDRAFT ¢OMAX s IRR M. » IENGIBILGE IPRESs LOD

LOD

2VNY ¢GRAV ¢ AMODL yMOD » AKEELL ¢ BEAMKL ¢ 1TS (25) +RD (25, «RFD (25) +DELTAD (25)LOD
2+RKD (25) +SD (25) »COSPHD (25) +PHID (25) + STPR (25) , THMD (50!

NN NN

COMMON NWSTP, INWSTP(12)
COMMON /TEMP/ POFR(6425) 4PDFI(6425) 9yRMO(6+30) +AIMDi6430),

DA1(11)+081(11)PEXR(6+25) +PEXI(6425)+DADS (104253 -2905(10426)

TOA (6461 +TDB(646) s SRF33(27) +SRM3S(27) ¢ SRMS5 (277 ¢S 564 (27),

PAV(25+7+6) yPAA(254746) ¢OA(646) +DB(6¢6) 2 TEV(64+6) «BEV(611)

TOD(6+6) +80D(641) s INDEX (693) ¢ AR1 (42) vAR2(42) +ATL11462) yAT2(42)
VD (25) +SBKD (27) +EDDY (27) yRGB(27) +PRERE (B4 14) +PREIM(A.14),
FZRSG (25) +BYRSG (25) +BVISG(25) +FZISG(25) +FYRSG(25) s FYISG(25)

THMRSG (25) + TMISG(25) +BLRSG (25) +BLISG(25) +RHMD (S50) +WE (30) +ZN(30) »

XL11.H0 (30) + IKMD (S0) s WAVAMP (30} sOUM4 (T76)
COMMON /TMP1/ FACT+JJ,OM1(S)+LL+GXI
COMHON /TMP3/ RLO(S5¢30+25) +ATLO(5430425)«STATN(24)

LoD
LOD
LoD
LOD
LOD
LOD
LOD
Loo
LOO
LOD
LOD
LoD
LOD
L0OD

AFTER FIRST CALCUt ATING THE ADDED-MASS AND DAMPING FOR EACH SECTIONLOD
THE SHEARING FORCES AND BENDING AND TORSIONAL MOMENTS ARE DETERMINELOD

S4

613

614

615

616

617

618

D0 16 K=1.NOS
DIP=ST (K)~-TPST
DO S4 I=1+NON

FR{T 1) =EN1(K+I)
FR(1,2)=-SNE(K,I)
FR(1+3)=CSE(Ks1)

FR{I 4)xXX(KyI)®CSE(KsI) =YY (KsI)®FR(142)

FR(IyS)=-DIP*FR (143}

FR(1,6)=DIP*FR(]1+2)

CONTINUE

DO S5 LK=1,10

GO TO(513:6134613,6134613+6134614,61546164617),4LK
CONTINUE

L=LK

M=K

GO TO 618

CONTINUE

L=

M3

GO TO 618

CONTINUE

L=2

M=6

GO TO 618

CONTINUE

L=2

M=l

GO TO 618

CONTINUE

L=6

M=4

CONTINUE

DADS (LK yK)=0,0

DDDS (LK +K)=20,0

DO 619 J=1+NON

DADS (LK +K) xDADS (LK +K) +DEL (Ks J) *FR(JsL) *PAA (KyJ9 M)
DODS (LK 1K) =DDDS (LK oK} +DEL (K+J) ®FR(JeL) *PAV (K9S M)

o - - -

LOO
LOD
LOD
LoD
LoD
LOO
LOD
LOD
LOD
LOD
LoD
LoD
LOD
LOC
LOD
LOD
LOD
10O
LOD
LOD
LOD
LOD
LoD
LOD
LoD
LoD
LOD
LOD
L0D
LOD
LoD
LOD
LOO
LOD
LoD
Loo
LOD
LOD




OO0 0

619

SS

620

621

622
16

CONT INUE

DADS (LK +K)=2,02DADS (LK 4K) *DS (K)
ODDS (LK +X) #2,02DDDS (LK 4K) #DS (K)
CONTINUE

DO 620 L=1.10

DADS (L +X) =DADS (L +X) /TVOL/UN
DODS (L +K) =DDDS (L +X) /TVOL /SQRT (UN) ®SQRT (2,
CONTINUE

DO 621 L=4,10

DADS (LX) =DADS(L+K)®0,5¢0.5
DODS (L +X) =0DDS (L +K) ®0,580,5
CONTINUE

D0 622 L=7.9

DADS (LX) =DADS{LsK) #2,

DDOS (L +K)=DDOS(LeX) @2,

CONTINUE

CONTINUE

NOS1zNOS+]

DA(2+2)=PMAS(NOS]) /THAS® (~GX®02}
DA(2¢4)==~ZMAS (NOS]) Z/ELL®PMAS (NOS1) /THAS® (=-GX]882)
DA(2+6)3XMAS(NOS1)®DA(2+2) 7ELL

DA(3+3)=DA(2+2)

DA(3+S5)==DA(2+6)

DA(44+2)2DA(244)

Z02=ZMAS (NOS) ) ee2
DA(444)=PMAS(NOS1)/TMAS® (ZD2+RRG(NDOSL1) ®*#2) JELL/ELL® (-GX1®e2)
DA(4+6)=XHAS (NOS1) /ELL®DA(4+2)

DA(6+2)2DA(246)

DA(6+4)=DA(L+6)

DA(6+6)x (PMAS(NOS]) /TMAS® (XMAS (NOS]) Z/ELL) ®e2) e (~GX]082)
DA(6+6)=DA(6+6) +PMAS(NOS]) /TMAS® (YMAS (NOS]) /ELL) #e2@ (.GX]0e?2)
DAS,3)=0A(1,5)
DA(S5+5)=PMAS(NOS]) /THMAS® (Z02+XMAS(NOS]1)#92) JELL/ELLS (=GX[#e2)
FYR==DA(2+2) *BEV{1+11)-DA(2+4)%BEV(2+1)~DA{2+6)*BEV(3+1)
FY1==DA(2+2)*BEV(44]1)=DA(2+4)*BEV(Ss1)~DA(2+6)*BEY(6s])
FZR=-DA(343)*B0D(2+1)~DA(3,5)#80D(3+1)
FZ1=-DA(3+3)2800(S+1)-DA(3,5)*R0D(6¢1)
BLR==DA(6+2)*BEV(1+1)~DA(6+4)*BEV(241)~DA(6+6)®*BEV(3])
BLI==DA(6+2)*REV(441)-DA(6+4)9BEV(Ss1)~DA(6+6)*BEV(601)
DA(S,1)=(ZMAS(NOS]) /ELL*PMAS(NOS]) /THAS) # (=-GX1®#2)
BVR=-DA{S5,+3)*B0D(2+1)-DA(S+S)*BOD(3+1)~DA(S+1)*BOD(1+1)
BVI=-DA(5,3)%B0D(S+1)=DA(S+S)*BOD(6+1)~DA(S+1)*BOD(4s])
TMR==DA(442)*BEV(1+1)=DA(44+4)*BEV(2+41)~-DA(4+6)*BEV(341)
TMI==DA(4+2)*BEV(44]1)~DA(4L4)*BEV(Sy]1)~DA(4+6)*BEV(641)
NOSH1=NOS=-1

NOS2=N0S+2

N0 S3 Kz1,NOSM]

PRF33=SRF 33 (K)

PRM35=SRM3S (K)

PRMSS=SRMGS (K)

PC44=S5C44 (K)

DA(2+2)=(DADS(2+K) ¢PMAS(K) /THMAS) # (-GX[#e2)
DB(2+2)=00DS(2+K) *GXI]

DA(2+4) = (-2MAS(K) /ELL*PMAS (K) /TMAS+DADS (94K) ) # (=GX]®®2)
DB(2+4)=DDDS(9+K) *GXI]

LOD
LoD
LoO
LoD
LoD
LOD
LoD
LoD
LOD
LOD
LOD
LoD
LOD
LOD
LOD
LOD
L00
LOD

THE POSSIBILITY THAT THERE MAY BE MASS FORWARD OF THE F.P, IS NOW LOD
ACCOUNTED FOR.

LOD
L0D
LOD
LOD
LOD
LOD
LoD
LOD
LOD
LoD
LOD
LOD
L00
LoD
LOD
LoO
LOD
Loo
LoD
LOD
LOD
LOD
LOD
LOD
LOD
LOD
LOO
LOD
LOD
LoD
LOD
L00
LOD
LOD
LOD
LOD
LOD
LOD
LOD
LOO

DA(2+6)=(DADS(84K) + XMAS(K) /ELL#PMAS (K) /TMAS~FN(JJ) /GXI*#%2eD0D0S (24KLOD

1)) #(-GX]*#2)

DB(2+6) = (DDONS (89K} +FN(JJ) #DADS (24K) ) *GX1
DA(3+3)=(DADS(34K) +PMAS(K) /TMAS) # (~GX]#82)
DB(3+3)=0D0DS (34K) #GX]

LOD
LOD
LOD
LOD

DA(3+5) = (DADS (7+K) =XMAS (K) ZELL#*PMAS (K) /TMAS+FN(JJ) /GXI#*2eD0DDS (34KLOD

1))®(-GX]ne2)

LOD

106
107
108
109
110
111
112
113
114
118
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133




DB (345) = (DDDS (7+K) =FN(JJ) ¥DADS (3+X) ) *GX 1 LOD
DA (492) = (~ZMAS (K) /ELL®PHAS (K) /TMAS «DADS (94K} ) ® (~GX ] #82) LoD
DB (4+2) =00DS (9 +K) #GX1 LOD
ZD2xZMAS (K) ®®2 LoD
DA (44 ) = (PMAS (K) /THAS® (ZD2+RRG (K) #2) /ELL/ELL +DADS (4 +K) ) ® (~GXI®#2) LOD
DB (444 3DDDS (4 4K} #6X] LOD
DB (444) 308 (4+4) +VD (X) $GX I +SBKD (K) #GX1 LOD
DA (4 6) x (=PMAS (K) /TMLS®ZHAS (K) ZELL®XMAS (K) 7ELL +DADS (10 K} ~FN(JJ) /GLOD
1X1*#280DDS (94K) } & (-GX[##2) LoD
DB(446) = (DDDS(10+K) «FN(JJ) ®DADS (9,K) ) #GX ] LOD
DA(444) DA (4 +4) PHAS (K) /THAS® (=ZHAS (K) ZELL) LOD
DA (6+2) = (XMAS (K} /ELL#PHAS (K) /THAS «DADS (8 1K) +FN( JJ) /GXI®*20DDDS (2 KLOD
1)) 8 (-GX]se2) LOD
DB(642) = (DDDS (B+K) ~FN(JJ) $DADS (2,K) ) #GX 1 LOD
DA(Ge4) = (~PHAS (K) /TMAS®ZMAS (K} /ELL®XMAS (K) /ELL «DADS (104K} «FN(JJ) /GLOD
1X1%9200DDS (9+K) ) ® (~GXI#82) LoD
DB (5+4) = (DODS (10+K) ~FN{JJ) #DADS (94K) ) #GX I LOD
DA(64+6) = (PMAS (K) /THAS® (XMAS (K) /ELL) ##2+DA0S (6,K) « (FN{JJ) /GX1) ®828DL0OD
1ADS(2,K) ) ® (-GX]*#2) LoD
DA{B+6)2DA(H+6) +PHAS(K) /TMASS (YMAS(K) /ELL) @828 (-GX]®#2) LOD
0B (646) = (DDOS (6+K) ¢ (FN(JJ) /GX1) ##240DDS (24K} ) #GX I LoD
DA(S¢1) = (ZMAS () ZELL®PHAS (K) /THAS) ® (~GX ] ##2) LOD
DA(S+3) = (DADS (7 +K) ~XHAS (K) /ELL#PMAS(K) /THAS-FN(JJ) /GXI®**2e0DDS (3,KLOD
1)) *(-GXI*e2) LOD
DB (Ss3) = (DDDS (7+K) +FN(JJ) ®DADS (34K) ) *GX ] LoD
DA(5+5) = (PHAS (K) /TMAS® (ZD2+XMAS (K) #%2) /ELL/ELL+DADS (5+K) + (FN(JJ) /GLOD
1X1)##20DADS (3 4K) )@ (~GX]*82) LOD
DB (5+5) = (DDDS (S4K) + (FN(JJ) /GX) ##2%DDDS (3,K) ) $GX 1 LOD
TDA(242) = (~FN(JJ) /GXI##2/DS (K) * (DDDS (2,K) +DDDS (24K 1)) ) * (~GXI#®2} LOD
TDB(242) = (FN(JJ) /DS (K) ® (DADS (24K) «DADS (24K+1) ) ) #6X1 LOD
TDA(246)x (=FN(JJ) /GX18#2/DS (K)# (DDDS (9+K) +DDDS (94K+1))) ® (~GX1*82) LOD
TDB(244) = (FN(JJ) /DS (K) ® (DADS (9+K) +DADS (9 4K+1))) #GX] LOD
TDA(2+6) 3 (=FN(JJ) /GXI®#2/DS (K)» (DDDS (8,K) +DDDS (8+K+1) ) = (FN(JJ) /GXILOD
1)*42/DS (K) * (DADS (2 +K) +DADS (2+Ks1) 1) # (~GXI%82) LOD
TDB(246) 3 (FN(JJ) /DS (K) ® (DADS (8+K) +DADS (84K+1)) = (FN{JJ) /GXT) *#2/DS (LOD
1K) # (DDDS (24K} +DDOS (2+K+1) 1) #6X1 LOD
TDA(4+2)2TDA(2464) LOD
TDB(442)=T0B(2,4) LOD
TDA(L444)=(~FN(JJ)/GX]®#2/DS(K) ® (DDDS(4+K)+DDDS(44K+1)))#(~-GX1®&2) LOD
TOB(444) = (FN(JJ) /DS (K) ® (DADS (4 +K) +DADS (4 4K+1)) ) #GX 1 LOD
TOA(446) = (~FN(JJ) /GX1982/DS (K) ® (DDDS(104K) +DDDS (10+K+1) ) = (FN{JJ) /GLOD
1X1)##2/DS (K) ® (DADS (9+K) +DADS (94K+1) ) ) ® (~GX[##2) LOD
TOB(4+6) = (FN(JJ) /DS (K) ® (DADS (104K} +DADS (10+K+1) )= (FN(JJ) /GX1) *#2/0L0D
15(K)® (DDDS (9+K) +DDODS19+K+1)) ) #GX1 LOD
TDA(6+2) = (=FN(JJ) /GX1492/05 (K} % (DDDS (84K) +DOOS (BoK+1)))* (~GX[#82) LOD
TOB(6+2) = (FN{JJ) /DS (K) ® (DADS (84K) +DADS (8,K+1))) *GX I LOD
TOA(6+6) 3 (~FN(JJ) /GXI1%#2/DS (K)® (DDDS (10 +K) +DODS (10+K+1))) ® (~GXI**#2L0D
1 LOD
TOB(6+4) 3 (FN(JJ) /DS (K)® (DADS (10+K) +DADS (10+K+1))) #GXI LOD
TOA (6461 = (~FN(JJ) /GXI*#82/DS (K) ® (DDDS (64K) +DDOS (64K 1)) = (FN(JJ) /GXILOD
1)#92/DS (K) * (DADS (84K) +DADS (B+K+1))) ® (~GKI*#2) LOD
TOB(616) = (FN(JJ) /DS (K) ® (DADS (6.K) +DADS (64K1) ) = (FN(JJ) /GXT) **#2/DS (LOD
1K) ® (DDDS (84K) +DDDS (8+K+11) ) #GX1 .90
TDA(343) % (=FN(JJ) /GX1%#2/05 (K) # (DDDS (31K} +00DS (34K+1)) 1@ (~GXI®®,, LoD
TOB (3431 = (FN(JJ) /DS (K) * (DADS (34K) +DADS (34K+1)) ) #GXI LOD
TDA(S+3) = (=FN(JJ) /GXI##2/0S (K) ® (DODS (7+K) +DDDS (74K+1)) ) # (~GXI##2) LOD
TOB(5,3) = (FN(JJ) /DS (K) * (DADS (7 ,K) +DADS (7 4K+ 1)) ) #6X1 LOD
TDA(345) xTDA(S,3) + (FN(JJ) /GX1) #82/0S (K) ® (DADS (3 +K) «DADS (34K+1) ) # (~LOD
16x1e2) LOD
TOB(3+5)=TDB(S5,3)+ (FN(JJ) /GXI) ##2/0S (K) * (DDDS (3 1K) +DDDS (3+K+1) ) *GXLOD
11 LOD
TOA(S+5) = (=FN(JJ) /GXI##2/D5 (K) ® (DDDS (5+K) +DDDS (54K 1)) + (FN(JJ) /GXILOD
1)##2/D5 (K} # (DADS (7+K) +DADS (T9X+1))) ® (-GX1##2) LOD
TDB(54¢5) = (FN(JJ) /DS (K) % (DADS (54K} +DADS (54K+1)) + (FN(JJ) /GXT) ##2/DS (LOD
1K) * (DDDS (7+K) +0DDS (79K+1)) ) #GX1 LOD

PYM=PEXR (5 +K)=DA(S+]1)*BOD(1+1)~-DA(S+3)%BOD(2+1)-DA(5+5)*B0OD(3+1)-DLOD
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1R (S¢))®80D (Y1) =NR(S5:S)*B0D(6,1) LoD 200
ATYMSPEX] (SeK) +DB(Se3)12R0D(2¢1)+0B(S+SI®HOD(I41)~DA(S+1)*BOD(4s1)=LOD 201
1DA(S5:3)%B0D(S+1)=DA(SS5)2ROD (A1) LOD 202
RIMEPEXR (4 oK) =DA (44 2)*RFV (101 )-DA(L4)®REV{2+]1)~DA(4+6)*REV(I,1)-DLOD 203
IB(442)*8EV (44 1) -NDB(4+4)*BEVI(S,1)-NDB(4+6)*BEV(641) LOD 204
ATTMZPEXT (4 oK) sDB (4 e2)%REV(1¢1)+0R (4L e6)®BEV(24]1)eDB(4+6)*REV(34]1)-LND 20S
10A(442)®BEV(6e]1)=DA(LG)®REVIS1)-DA(Le6) *BEV(64]) LOD 206
RLM2PEXR (64K} =DA(6s2) *BEV(141)-DA(6+4)%REV(2+1)-DA(6+6)*BEVIIL]1)I~DLOD 207
IR(642)*BEV(641)=-DR{6+4)*FEV(S.1)-DB(6:6)*REV(641) LOD 205
ATLMaPEX] (6¢K) ¢DR (6421 *BEV (141} +DA(6+6)®BEV(241) +DB(64+6) *REV(I41)-L00 209
IDA(642)®3EVIGe1) =DA(6+4) ®REV (S, 1)-DA(6+6)*BEV(641) LOO 210
RFYPEXR{2+K)-DA(2+2)*BEV(1+1)-DA{2+4)°BEV(2+1)=-DA(2:6)°8EV(I,1)-0L0OD 21]
1B(242)*BEV (6411 =-DR(2:4)*BEVIS1)=DR(246) *8EV(641]) LOD 212
ATFYZPEXT(24K) eDB(242)*BEV(141)+DR(2+46)*HBEVI241)¢DBI2+6)*REV(IW11=-LOD 213
I0A(2¢2) *BEV (44 1) -DA(2+4)®BEV IS, 1) =DA(2+6)*BEV(64]) LOD 214
RFZ=PEXR(3+K)~DA(3+3)*BOD(2+1)-DA(I+5)*BOD(3+1)-~-0B(3+3)*80D0(S,1)-DLOD 215
18(3+51°800(6+1) LOD 216
AIFZ=PEXTI(VeK) +DB(3¢3)2BOD(2+1)+NDR(3+S)*BODI(341)~DA(34+3)280D(S+1)-LOD 217
10A(3+5) *B0D (6. 1) LOD 218
FYR=FYReRFY LoD 219
L YI2FYL+AIFY LOD 220
FZRaFZReRF2 LoD 221
FZI=FZ1+AlFZ LoD 222
BLR=BLR+RLM LoD 223
BLI=zBLI+AILM LOD 224
RVR=BVR+RVM LoD 22s
BvI=8visAalvM LND 226
TMR=TMRsRTM Lo 227
TMI=TMI+ATTM™ LD 228
EVR= (PDFR(G X1 +ONFR(SK+1))/2,-TDA(S+3)1280D(241)=-TCA(S+5)*RON(T,ILOD 229
1)=TN8(543)*80D(S41)-TNR(5.,5) *ROD (64 1) LOD 230
EVIZ(PDF L (S4K) +POF1(S54Xe1))/2,¢TDB(S+3)*B0D(241)+TDB(S:S)*B0OD(3,1ILOD 231
1-TDA(S+3)*BOD(S+1)1=-TDA(S5,5)eBOD (64 1) LoD 232
ETR= (PDFQ (4 4X) +PDFR(44Ke 1)) /2. -TDA (4425 *BEV(141)-TDA(44)#BEV(2.1)L00 233
l-TOA(Qo6)'REV(3'l)-fOR(“.?)'BFV(“;l)'TOB(h'Q)'REV(qyl)-TDR(Q.b)’RELOD 234
2V (641) LoD 235
ETI=(POF] (4K oPOF T (44%X+1)) /2,4 DB(4+2)%BEV(141)+TOR(4,4)®BEV(2,1)L00 236
1+TOB(4¢6) ®*REV(3+1)=TDA(L2)*BFV 4y 1)=TDA(444)®BEV(5,]1)-TOA(GL,6)*BELOD 237
2vibel) LOD 238
ELR= (PIFR (64K +PDFR{61Ke1)) 7L =TDALO12)*BEV(141)~TDA(64%) #BEV(2+1)L0D 2239
1-TDA(5+6) ®BEV(3+1)=TOR(64+2) #BFVits1)~TDB(6+4)%BEV(541)-TOB(6+6)*BELOD 240
2Vi6s1) LoD 241
ELIZ(POFT(6+K) +POFT(64K+1))/72,+TOR(6¢2)*BEV(141) +TORB(644: #BEV(2,1)LOD 242
l‘T08(6v6)'qEV(l'l)-TDA(G.?)'BEV(Q'l)-TDA(b'Q)'BEV(Sol)*TOA(ﬁvG)'BELOD 2473
2V(6.1) LoD 264
EYR= (POFR(2 1K) +PDFR(2+K+1))/2.,-TDA(2+2)*BEV(141)-TDA(2+4)®BEV(2,1)L0OD 245
1-TDA(2+6)%REV (3211 ~TDB(242)*BEV(4s]1)=TDB(2+6) *BEV(S+1)=TDR(2+6) *RELOD 246
2Vi64 1) LoD 247
EYI=(POFT (24K} +PDOFI(24Ko1))/2,+TOR(242)%BEV(141) +TOR(2,4)2BEV(2,1)LOD 248
1+TOB(2+6) *8EV(3+1)=-TDA(2,2)%BEV (441)=TDA(2+4)*BEV(S41)-TDA(2+6)*BELOD 269
2Vi6l1) LOD 2S0
EZR= (POFR (3+K) +PDFR{34K¢1))/2,-TDA(3+43)*B00(2+1)~-TDA(3+5)€B0D(3+1)LOD 251
1=-TOB(3¢3)%R00(S5+1)~-TDB(3+5)*BOD(641) Lo 252
EZI=(POFI(3+K) +PDFI1{341K¢1))/2,+T0B(3+3)%B0D(2+11+7TDB(3+5)*B0D(3.1)LOD 253
1-TDA(3+3)*B00(S+1)=TDA(3+5)*BOD(641) LOD 254
FYRS=FYR+EYR LO0 255
FYISxFYIEYI Lon 256
FZRS=FZR+EZR-PRF13¢80N (2,+1)~PAM]IS*300(3. 1) LoD 257
FZIS=FZ1+EZ1-PRF33*BOD(S+1)-PRMIS*BOD(641) LOD 2S8
TMRS=TMR+ETR LoD 259
TMIS=TMI+ETI LOD 260
TMRS=TMRS~-PCL4L*BEV (24 1) LOD 261
TMIS=TMIS~-PC44*BEV(Sy]) LoD 262
RLRS=RLR+FLR=(ST(K)~TPGT+0,5*NS(K) ) *0,5%FYRS LOD 263
BLIS=BLI*ELI-(ST(K)=TPST+0,5°0S(K))*0.,5%FYIS LOD 264
AVRS=BYR+EVR ¢ (ST (K) =TPST+0.5%NS (X)) *0,5%FZRS LOD 265
101
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BYISaBVIEVI¢ (ST(K)=TPST0,58DS (K} )20, ,59FZ1S LoD
BVRS=BVRS~PRMIS#B0D(241) -PRUEE#ROD (51} Loo
BVIS=BVIS~PRMIS*BOD(Ss1) ~PRM5S®BOD (641) Loo
FAC=TVYOL/8.%ELL/BEAM LoD
FYRS=FYRS®FAC LoD
FYIS=FYIS®FAC LoD
F2ZRS=FZRS#FAC LoD
FZIS=FZ1S®FAC LoD
TMRS=TMRS®*FAC Loo
TMIS=TMIS*#FAC LcO
BLRS=BLRS*FAC LOD
BLIS=BLIS®FAC LoD
BVRS=BVRSSFAC LoO
BYIS=BVIS*FAC LOD
FYRSG (K) =F YRS LOD
FYISG(X)=FYIS Loo
THMRSG (K) =TMRS Loo
TMISG(X)xTMIS Lon
BLRSG (K) =BLRS Lon
BLISG(K)»BLIS Loo
FZRSG (K) =F ZRS LoD
FZISG(X;=FZIS LoD
BVRSG (K)3BVRS LoD
BVISG(K)=BVIS LoD
RLO (1,LL+K) = FYRS LOO
AILO(1,LL+K) = FYIS LOD
RLO (24LL+K) = FZRS LOD
AILO(2,LL+K) = FZIS LOD
RLO (3,LLsK) =TMRS L0D
ATLO(F¢LL.X) =TMIS Loo
RLO (4.LL+X) =BVRS LOD
AILO(6.LL+K) =BVIS LOD
RLO (S+LL+X) =BLRS LOD
AILO(S.LL+K) =BLIS LoD
STATN(K) = ST1(Ksl) + 0,59NS(K+1)*}0, LOD
S3 CONTINUE Loo
RETUSN LoD
END L0O
EFM

------ VERSION 4 =~ CDC 6700 - E X CF M ~ JUNEy 1972=mmecccmecaan=EFM
EFM

SUBROUTINE EXCFM EFM
COMMON DM1 (1496) 4FN(5) +BAM(30) «DM3(23) ¢NOKDMG (1137)4TITO(12)s EFM
2 DMS(16) +PRNTOP 4DM6 (356) EFM
INTEGER PRNTOP,H EFM
COMMON /TEMP/ DM7(4T84) 42N (30) +OMB(186) EFM
COMMON /THMP1/ FACT+JJsHDIG + VKNOTS+OM9 (5) EFM
COMMON /TMPS/ BOV(304+642) EFM
DATA MIN /3HMIN/ EFM
BACKSPACE 1 IFM
CALL SEPART (1) EFM
L =0 EFM
N = EFM
IF (BAM(1) .LE., BAM(NOK)) L = NOK + | EFM
IF (BAM(1) .LE, BAM(NOK)) N = - | EFM
00 5614 JH=x1,2 EFM
IF (JH .E0. 1) H = ] EFM
IF (JH .EQ. 2) H = § EFM
IF (H .E0. 6 .AND. PRNTOP .EQ, MIN) GO TO 5614 EFM
WRITE (H,5A0R) TI1TOWHDIG]+VKNOTSFNI(JJ) EFM
S60R FORMAT (41H]1 EXCITING FORCES AND MOMENTS #ee +12A6415XJH#eeEFH

2//7/71TX HHFADING =4FS,004H DEGsTX ¢ 12HSHIP SFEED =4F6.2+16H KNOTS/ EFM

2 18Xy 1SH(HEAD SEAS=180)+9Xy15HFROUDE NUMBER =+F7.4) EFM
------ PRINT EXCITING FORCES AND MOMENTS=m=cesmmommmcomcncasneecaneaaaaafFM
WRITE (H45610) EFM
S610 FORMAT (//47X+33HNONDIMENSIONAL TRANSFER FUNCTIONS// EFM
102
- - ) ~ LT L
~ - » ~ R ;'““-;:wv ; »

266
267
268
269
270
271
272
273
24
275
276
277
278
279
280
281
282
283
284
28s




2 16X 1IHSURGE FORCE /¢8Xs12HSWAY FORCE /+TXo13HMEAVE FORCE /,7X, EFM
2 13HROLL MOKENT /.6X¢1AHPITCH HOMENT /+28Xs12HYAW MOMENT /,/7X, EFu

2 J(1IXoTHHEGOR/L) ¢ 3(13XSHMOGOR2X) 9 /SX s OHWE (ND) o (14
2 6(204 AMPL. RATIO PHASE)/11X+6(16Xe4HDER ) /) EFm
K =L EFM
DO S612 LL=1,NOK EFN
XK = K ¢« N EFM
IF (UK ,EQ. 2) GO TO %604 EFnM
Cormon= COMPUTE AMPLITUDE AND PHASEmc-cecmwoa- B ceenmsecccaa—— ~eeEFM
D0 5600 I=1.46 EFM
RL = BOVIX.I,1) EFM
Al = BDV(K.142) EFM
BOVI(Kelsl) = SORT(RL®®2 o AJee2) £FM
S600 BOV(K.14+2) = ATAN2D(AI4RL) EFM
5604 CONTINUE EFm
WRITE (HeS611) ZNI(K) ¢ ((BOVI(KsTsJ) e Jmls2) s lw],6) EFM
S611 FORMAT (4X+F7,346(1PE13.44,0PFT,.1)) EFM
S612 CONTINUE EFN
S614 CONTINUE EFM
CALL SEPART (2} EFm
RETURN EFM
END EFM
Cc HT0
Comauem VERSION 4 <~ CDC 6700 - MO T OUT =~ JUNE, 1972-=cacen- wee=HTO
C HTO
SUBROUTINE ™OTOUT RTO
Comee=MOTION OUTPHT SURROUYTINf~=ccccmrecemcccccccccerceeam B e - ~e==KTO
Co=mm- MOTIONS ARE SURGE (X1}, SWAY (X2)s HEAVE (X2)s ROLL (X&)y~===m ~e==MT0
Commmw PITCH (X5)¢ YAW (Xh)=—weocmcmcm—ecmmocee—ccece—cceec—car—cmen—— ~~<=MTO
INTEGER PRNTOPH MTO
COMMON DM (A1) ELLOM2(14616) +FN(S) +BAM(30)+OM3I(23) +NOKsDMG(1137)+MT0
2 TITO(12) ywNODDMS(1S) yPRANTOP 4NME 1 344) + INWSTP(12) MTO
COMMNN /TF4P/ DMT(300) yRMO(6430) yAIMO(6+30) +OMB (4094) +WE(30) HT0
2 IN(30) «XLILMN(30) DM (50) s WAVAMP (30) ,DMO(T76) MTO
COMMON /THPLl/ FACT+JJoHDIG]1 +VKNOTS+WSLOPE +WSTP 4 INWSTRP,OMA (2) MTO
COMMON /TMP2/ SHM(304642) MT0
DATA MIN /IHMIN/ MTO
DO 10 [=1.NOX MTO
WYLNTH = RAM(T)eELL HRTO
(o TERM] SCALES NONDIMENSIONAL ODISPLACEMENTS BY- MTO
C WAVAMP MTO
TERM] = wAvAMP(]) NTO
Covmme TERM2 SCALES NONDIMENSIONAL ANGLES BY- MTO
o WAVAMP ® 57,3 / WVLNTH MTO
TERM2 = TERM] *FACT/WVLNTH MTO
DO 10 J=1.6 MTO
Crmmwa COMPUTE SINGLE AMPLITUDES===me=mweenerecarcacaax D Sl L D LDl -e==HTO
TERM = TERMI MTO
IF (J .67, 31 TERM = TERM? MTO
SHM(1+Js]l) = TERMSSORT(RMO(Js1)®02 ¢ ATMO(Jy])®e2) MTO
Commea COMPUTE PHASES-=mwmecrcrcnmm e e e e e e r s e e m s s e s n e e r s e~ MTO
SHM(I+Je2) = ATANPD(AIMO(Js1)+RHO(J+])) MTO
10 CONTINUE MTO
L =0 MTO
N = | MTO
I (BAM(1) .LE. BAM(NOK)) L = NOK + 1 MTO
IF (BAM(]1) JLE, BAM(NOK)) N = =~ 1] MT0
BACKSPACE 1 MTO
CALL SFPART (1) MTO
DO 3S JHm] 42 MTO
IF (JH £Q. 1) H = | MTO
IF (JH .EQ., 2) R = 6 MTO
IF (H E0. 6 .AND, PRNTOP .EQ, MIN) GO TO 35 MTO
WRITE (H,1000) TITOWHDIG] s VKNOTS+WSLOPE+FN(JJ) + INWSTP (IWSTP) MTO
C=~===PRINT SINGLE AMPLITUDE3=w=mmmmmmuamoscocanecnaan emmmmmmccenoe—. ~==HTO
WRITE (Hy1010) (WORD+Im144) MTO
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17

K = MTO
DO 15 LL=},NOK MTO

K = K ¢« N MT0
WRITE (He1020) WE(X) ¢ XLILMD (K} ¢BAM(K) ¢ZN(K) ¢WAVAMP (K) MTO
2(SHM(Kel9l)eImle6) MTO
15 CONTINUE MTO
IF (K ,EQ. 6) GO TO 23S MTO
WRITE (141030) MTO

K = | MTO
00 30 LL=1,NOK MTO

K = K +« N MTO
WRITE (1+1040) WE(K) e (SHM(KeIe2)sIm]le6) MTO

30 CONTINUE MTO
35S CONTINUE MTO
CALL SEPART (2) MTO

IF (PRNTOP ,EQ. MIN) GO TO 80 &TO
----- PRINT RESPONSE AMPLITUDE OPERATORS=-=w=cecrvece~~e ~==MTQ
WRITE (6+10%0) MTO

K = | MTO

DO SO0 LL=].NOX MTO

K = K ¢+ N MTO

DO 40 I=1+6 MT0
SHM(Kels1l) = SHM(KesIel)/WAVAMP (K) MTO

40 SHH(K'IOI) = SHH(K'IOI)..Z MTO
WRITE (6+1060) WE(K) s ((SHM(KeIsJ)eJmle2)el=l46) MTO

S0 CONTINIJE MTO
----- PRINT NONDIMENSIONAL TRANSFER FUNCTIONS-mcememmceccceccmccceeseee=MT0
WRITE (6,1070) MTO

K = [ MTO
WSCON = ELL/360. MTO

DO 70 LL=1,NOK MTO

K x K « N MTO

DO 60 I=146 MTO
SHM(KsI+l) x SORT(SHM(K+141)) MTO

IF (1 JGT. 3) SHM(Xsls1) = WSCONASHM(K+I41)/XLILMD(K) MTO

60 CONTINUE MTO
WRITE (6+106G) XLUILMO(K) o ((SHM (K9] +J) 9Ju]e2)eIm]le6) MTO

70 CONTINUE MTO
80 CONTINUC MTO
RETURN MTO
1000 FORMAT(GIHISHIP MOTIONS IN REGULAR WAVES esas v 12A6415XsJH®®OMTO

2///717X s oHEADING =#4FS5.0¢% DEG®+TX+*SHIP SPEED »®#F6.2¢% KNOTS®,SX+MTO
2*WAVE SLOPE (360%,1H®,#R/|_AMBDA) ¢y K*s]1H#,8R, =#,F5,2+% DEG*/18Xy MTO
2% (HEAD SEAS=180)%,9X+*FROUDE NUMBER =®,F7,4,7X.*WAVE STEEPNESS (2%MT0

21H®,#R/LAMBDA) = ] /*13) MTO

1010 FORMAT (//58X+1THSINGLE AMPLITUDES, MTO

2/7/76X%+® ¥E L/LAM LAM/L WE (ND) . MTO

2 SWAVE AMPL, (R) SURGE (Xx1) SWAY (X2) HEAVE(X3)# MTO

2 . ROLL (X4) PITCH(XS) YAW (X6) #y MTO

2 /TXs3HRPS 18X +4 (TX+A6) +10X e IHOEG+9X 9 IHDEG 11X+ 3IHDEG/) MT0

1020 FORMAT(SX+2F6.3+F6.2+FT.342X+1PTEL3.4) MTO

1030 FORMAT (//6X+#WE FS®*424X,#PHASES IN DEGREES®*//) MTO

1040 FORMAT (4X+F7,346F10,3) MTO

1050 FORMAT (//50X.*RESPONSE AMPLITUOE OPERATORS®// MTO

2 1SXs16H(SURGE / R)*#2,7Xs1IH(SWAY / R)®#2,6Xs14H(HEAVE 7 R)®##2, MTO

2 TXs13H(ROLL 7/ R)®#2,6X«14H(PITCH / R)##2,7X¢12H(YAW / R)we2/ MTO

26X+* WE ®, MTO

26 (20H AMPL, RATIO PHASE)/7X+4HRPS +6{20H SQUARED DEG )/) MTO

1060 FORMAT (4X+FT7.346(1PE13,44,0PFT7,.1)) MTO

1070 FOPMAT (//4T7X+*NONDIMENSTONAL TRANSFER FUNCTIONS®// MTO

? 17X 9HSURGE 7/ R+ 12X+BHSWAY / Re11Xy9HHEAVE / RellXo MTO

2 JOHROLL / K®*R410X+s11HPITCH / K®*Ry10X+9HYAW / K®#R, MTO

2 /6X»*L/LAM®46(20H AMPL, RATIO PHASE)/11Xy6(16X+4HDEG )/) MTO

END MTO

C LDO

Cromena VERSION 4 = CDC 6700 - L ODOUT = JUNEy 1972«~=w-~ -=w===_00
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¢ LDO IS
SUBROUTINE LODOUT (ISTAT) LDO L3
C-=nme- LOAD OUTPUT SUAROUTINE~==-ovocemcmcmaaacas meemeveemeecmeeeooo ~===LDO 6
Conman LOADS ARE HORIZONTAL SHEAR FORCE (VZ). VERTICAL SHEAR FORCE (VY).=LDO 7
Commma TORSIONAL MOMENT (V&)s VERTICAL BENDING MOMENT (VS), HORIZONTAL=~=LDO )
Commo- BENDING MOMENT (Vf)=meomemccmccancm e e vemmeree e --LDO 9
INTEGER PRNTOP M LOO 10
COMMON DOM1 (80) +EL+ELL +sOM2(S510) ¢+ TMAS,OMI(12) « TVOL +OM& (890) 4FN(S) . LDO 11
2 BAM{30) «DMS(23) ¢NOK+OMA(1137)sTITO(12) +WORDVOMT (15) 4PRNTOP, LOO 12
2 OMB (S64) +BEAMDMG (B) +GRAVDMI0 (280) + INWSTP (12) LDO 13
COMMON /TEMP/ DMO(4756) ¢WE (30) «ZN(30) +XLILMD(30) ,04A(50), LDO 14
2 WAVANP (30) +OMR(T76) LDO 1S
COMMON /TMP1/ FACT+JJsHOIO0) s VKNOTS+WSLOPE JWSTP, IWSTPDMC (2) LDO 16
COMMON /TMP2/ SLD(3046+2) LDo 17
COMMON /TMPY/ RLO(S+304¢25) +ATLO(S54+30,25) +STATN(24) LDO 18
COMMON /LOOPRN/ OMI0(24) yWORD2 +WORD3,0M11(263) LDO 19
DATA MIN /3HMIN/ LOO 20
K = [STAT L00 21
Comm=m RO EQUALS SHIP MAGS UIVIDED 8Y DISPLACED VOLUME-eeecmonrencacan --=-=L00 22
RO = THAS/(TVOL®EL**Y) LDO 23
CON = R0eGRAVeREAMOELL LDO 2h
00 10 I=x]}.NOX LOO 25
Commwn TERM] SCALES NONDIMENSIONAL FORCES 8Y- Lo0 26
C RO ® GRAV ® BEAM & ELL ® WAVAMP LDO 27
TERM] = WAVAMP ([)*CON LDO 28
Commm= TERM? SCALES NONDIMENSIONAL MOMENTS BY- LDO 29
c RO ® GRAV ® BEAM » ELL ® ELL ® WAVAMP LDO 30
TEFPM2 = TERMICELL LDOO 31
00 10 J=l,S LDO 32
Commm- COMPUTE SINGLE AMPLITUDES FOR A PARTICULAR STATION===w—coccoccavaa LDO 33
TERM = TERM) LOO 34
IF (J .07, 2) TERM = TERM? LDO 35
SLO(1eJel) = TERMESART (RLO(J2T4K)*82 o AJLO(Jy1oK)282) LDO 36
Crmme-a COMPUTE PHASESa=~wemcsccceccccccm e m e e m e cce e r e e e e e~ LDO 37
SLO(IvJe2) = ATANZOD(ATLO(J21+K) 2 RLO(Js19K)) LDO 38
10 CONTINUE LDO 39
L= \ LDO 40
N = ] L0O [}
iF (BAM(I1) ,LE, BAM(NOK)) | ®» NOK « | LDO 42
IF (BAM(1) ,LE, BAM(NOK)) N = - | L0O “3
BACKSPACE | LDO G4i
CALL SEPART (1) LDO 45
DO 35 JH=],2 LOO Y
IF (JH (EQ. 1) H =« | LOO L7
IF (UH EQ, 2) H = 6 Loo 48
IF (K EQ. 6 +AND, PRNTOP ,EQ, MIN) GO TO 3% .00 h9
WRITE (H41000) TETO+HDIGL +VKNOTS+WSLOPEWFN(.JJ) ¢ INWSTP (IWSTP) L0O SO
Cmmmenm PRINT SINGLE AMPL]TUDES=w-enmewearemrrcecccceccccesemmeaccwennreees= D0 51
WRITE (Ms1010) STATN(ISTAT) 4WORD s (WORD2sI®]le2) s (WORD3sI=1,3) L0O s2
XK = L LOO S3
00 15 LL=1,NOK L0O S4
X = K ¢« N L00 59
WRITE (H+1020) WE(K) o XULILMD(K) +BAM(K) 3 ZIN (K] o WAVAMP (K)o L0O 56
2(SLO(Ks[s1)s]Im145) LDO 57
15 CONTINUE LDO 58
If¥ (H ,EQ. 6) GO TO 23S LDO 59
WRITE (1+1030) LL.DO 60
K = { LDO 61
00 30 LL=},NOK LDO 62
X = K « N LDO 63
WRITE (141040) WE(K) y(SLDI(Ky1,2),1mw1,5) LDO 64
30 CONTINUE LDOo 65
35 CONTINUE LDO 66
CALL SEPART (2) LDO 67
IF (PRNTOP ,EQ. MIN) GO TO 80 LDOo 68
Cmue== PRINT RESPONSE AMPLITUDE OPERATORS=-crmwcsccecacccvncnacncnanaa ~-===00 69
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WRITE (64+1050) LDO

K = L LDO
00 S0 Li=},NOK Loo

K »nK s+ N LDO

D0 A0 I=],S .00
SLDO(KsIsl) = SLO(KsI91l)/WAVAMP (K) Loo

40 SLD(KeIsl) = SLD(KsIs1) 802 Loo
WRITE (641060) WE(K) s ((SLD(KsI9J)+Jwl,2)s1w]+5) L0o

S0 CONTINUE LDO
----- PRINT NONDIMENSIONAL TRANSFER FUNCTIONS=e=eemmmmecncnemmeanecnase"a 00
WRITE (641070) Loo

K = L LDO

DO 70 LLs=],NOK LDO

K =K +N LDO

DO 60 I=],% LDo
SLD(KsIs1) = SQRT(SLD(Xs1s1))/CON L0o

IF (I 6T, 2) SLO(KsIsl) = SLD(KsIsl)/ZELL Loo

60 CONTINUE LDOO
WRITE (6+1060) XLILMO(K) s ((SLO(KsIosJ)sJuls2)sIm],5) L00

70 CONTINUE D0
80 CONTINUE .00
RETURN .00

1000 FORMAT (41H1 SEA LOADS IN REGULAR WAVES osse 112A6415Xy3Hees 30
2//71TX+®HEADING =®,F5,04® DEG#,7X#SHIP SPEED w#,F6,24® KNOTS®,5X. .00
2*WAVE SLOPE (3604,1H®,8R/LLAMBDA) ¢y K®y1He,8R, w#,F5,2,% DEG®/18Xy .DO
2% (HEAD SEAS=180)#,9X,#FROUDE NUMBER ®#,F7,4,7X+#WAVE STEEPNESS (2°LD0

2IH®, 8RQ/LAMBDA) = | /813) Do
1010 FORMAT(//46X+*SINGLE AHPLITUDES (STATION®,F6,2+1H) LOO
2//76X9% WE L/LAM LAM/L WE(ND) - Loo
2 ®WAVE AMPL,(R) H,SHEAR(V2) V,SHEAR(V3) TJHOM, (V4)» L00
2e V.MOM, (VS) HoMOM, (V6)#/TX+3HRPS 425X 1A692 (TX+1A6) 14Xy LDO
2 3(3XeAB4+2X)/) Lno
1020 FORMAT(SXs2F6.3¢F6.2+FT.342X+1PTEL13.44) LDO
1030 FORMAT (//76X+®WE FS#,24X,%PHASES IN DEGREES®*//) LOO
1040 FORMAT (4X+FT7,346F10.3) LOO
1050 FORMAT (//50X+28HRESPONSE AMPLITUDE OPERATORS// LDO
214X+® (H,SHEAR / R)®y2Hse, 82 (V.SHEAR / R)# 2Hwe,02 (T.MOM, =L D0
2% / R)®,2Hew 0D (V.MOM, / R)®#,2Hes,8D (H,MOM, / R)®,3Hee2/0LD0
26X+® WE ®, L0O
25(20H AMPL, RATIO PHASE)/TX44HRPS +5(20H SQUARED DEG )/) LODO
1060 FORMAT(4X,F7,3,6(1PE13,440PF7,1)) LDO
1070 FORMAT (//47X9s33HNONDIMENSIONAL TRANSFER FUNCTIONS// LDo
216Xy #H,SHEAR / V.SHEAR / T MOM, / . LDOo
2 V.MOM, / H.MOM, /#/15X42(2X+10HRO®G*B#L*R8X) Lpo
23 (12HRO*GepsL o *R,8X) /76X #L/LAM® LDO
25(20H AMPL., RATIO PHASE)/11X+5(16X+4HOEG ) /) LOO
END LDO
C RCT
Crmmmee VERSION 4 =~ CDC 6700 - R C T ABL =~ JUNEs 1972 RCT
C RCT
SUBROUTINE RCTABL RCT
COMMON DM1 (81) +ELLOM2(1414) +FN(S) +BAM(30) 4OM3(24) +NOBsNOH . RCT
2 DM4 (1150) +HDGL (10) +OMS(67) yGRAV4DME (229) + THMD (S0) yNWSTP RCT
2 INWSTP(12) RCT
COMMON /TEMP/ DM7 (48B44) s THMD (50) +OMB(106) RCT
COMMON /TMP1/ FACT,DMP (8) RCT
COMMON /TMP4/ HMD(5+5042) +NHF 4EPS RCT
WRITE (645500) RCT
S500 FORMAT (1H1+18X932HROLL AMPLITUDE CONVERGENCE TABLE) RCT
KTH = 0 RCT
DO S340 I=) NOH RCT
HDIGL = HOGI1(I) RCT
D0 5340 J=],NOB RCT
VKNOTS = SORT(ELL*GRAV)*FN(J) /1,689 RCT
DO 5340 Nw] +NWSTP RCT
KTH = KTH + 1 RCT
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WSTP » 1,/FLOAT(INWSTP(N)) RCY 21

WSLOPE = 180,9wSTP RCY 22

] WRITE (645503) HODIG1 ¢ VKNOTSoFN(J) «WSLOPE , INWSTP (N) RCT 23
; SS03 FORMAT (//.0KH HEADING m4F%,0 RCT 24 ]
2204 DEG SHIP SPEED ®,F6,2+25H XNOTS FROUDE NUMBER #,fF7,4, RCT 2% 1
216H WAVT SLOPE woF5,2,4H DEG24H WAVE STEEPNESS = 1 /41) RCY 26 3
ITERAT = [HMD(KTH) RCT 27 3

DO S335 Lewl,ITERAT RCY 28

K st -1 RCT 29

THERAD = HMD (L +XKTH¢1) RCT 30

THCRAD = HMD (L +KTH,2) RCT 31

THEDEG = THERAD®FACT RCT 32

’ THCOEG = THCRAD®FACT RCT k]

THORAD s ABS(THERAD - THCRAD) RCT 34
THDDEG » THDRAD®FACT RCT 35 !

5335 WRITE (645505) X+ THERAD s THEDEG s THCRAD « THCOEG ¢ THDRAD ¢ THODEG RCT 36

SS0S FORMAT (1240 ITFRATION.I3+4Xs17THROLL AMPL, EST, wsFT7,4 RCT 37

26H RAD (+F5.2+5H DEG) /19Xy 1THROLL AMPL, CAL, ®4F7,446H RAD (+FS,24RCT 38

254 DEG) /19x.1 7% OIFFERENCE #,FT7.,406H RAD (4FS,2+SH DEG)) RCY 39

§340 IF (ITERAT ,EN, S .AND, THDRAD ,.GT. EPS) WRITE (6,5510) aCtT w0

SS10 FORMAT (78X0JuST CAN NOT GET AOLL AMPLITUDE TO CONVERGE, FIVE ATTERCT 41
2HMPTIS AND FIVE FAILURES,/45H C-EST LA VIE, WILL TRY OTHER CONDITIONRCT 42

. 25 NOW,) RCT &3

WRITE (6,+5513) RCT b

5513 FORMAT (//33H ROLL AMPLITUDE ESTIMATES (RAD) =) RCT 4%

WRITE (645515) (THMD (1) I=]NHF) RCT 46

SS1S FORMAT (BF10.64) RCT &7
RETURN RCT 48 E

END RCT 49

C TAN 2

Commmen VERSION « =~ CDC 6700 - T AN A KA = JUNE, 1972--ccccccccaas TAN 3

C TAN 4

SUBROUTINE TANAKA(THMLEDDY «RGRA) TAN 5

o TAN 6

C PROGRAMMER- O, FALTINSENJNNY TAN 7

o TAN 8

COMMON AM(27) +NUT ¢NMASNOS+ST (25} +DS(25) +ELsELL s+ X(25+8)9Y(2548) +PMTAN 9

1AS(27) ¢ XMAS(27) ¢ ZMAS(27) 4RRGI2T) 1 XG1ZG s TMASH ETLG EISS1ET644E1460TPTAN 10
26TIRF3II4RMIS4RMSS,0GM O IP K oNs TVOLWALFA(40411)+BETA(40411)9HOG(10)TAN 11
F.FN(S) +BAMIION (CNGI10) oSDG(10) yOMAX+OMINYNFRINOX ¢ NOBINOH OMEN (40) + TAN 12 1
GF {T46) ¢ XX(25,7) ¢ YY(2547) +DEL (25+7) +SNE(25+7)+CSE(25+7) +EN1(25+7) 4 TAN 13
SUNYOMEGA, D TITOU(12) s WORD+NONSIXAST+HDGL (10) 4 IT+CBY+CMCHPRNTOP TAN 14
COMMON ST1(27) s TMAS(27) ¢BEAMIDRAFT ¢OMAX s IRRoML 4 IENDIBILGEIPRESs TAN Is
2VNY ¢ GRAV ¢« AMODL +MOD + AKEELL « BEAMKL 4« ITS(25) «RD(25) +RFD (25) +DELTAD(25) TAN 16

2+RKD (25) +5D (25) +COSPHD (25) +PHID(2S) s STPR(25) 4 THMD (50) TAN 17 3
COMMON NWSTP, INWSTP (12) TAN 18
DIMENSION EODY (27)sRGB(27)+F1(15) +BDKG(15) +GXDB (6) +RFORE (6 TAN 19

1) +BAFT(S) +CAFT(S) o X1(8)4YI(8) TAN 20

N DIMENSION ALF2(S)F2(S) TAN 21
ALF2(1)=0,0 TAN 22
ALF2(2)=0,0873 TAN 23
ALF2(3)=0,174S TAN 24
ALF214) 20,3691 TAN 25
ALF2(5)=0.521S TAN 26
F2(l)=1, TAN 27
00 1 I=1.5 TAN 28
ROXG([)=1,/(60,-1210,) TAN 29
1 1 CONTINUE TAN 30
BOXG(6)=1./S. TAN 31
00 2 127413 TAN 32
BNKG(1)=0,5+0.5% (=T} TAN 33
2 CONTINUE TAN 34
IF(THM=0,1745) 34344 TAN 35S
3 CONTINUE TAN 36
F1(1)30,455 TAN 37
F1(2)20.52 TAN 38
107

e o+ ——————— - -




10

11

13

14

15

16
12

F1(3)=0.,42
F1(4)=0,35
F1(5)=0,52

GO T0 S
CONTINUE

IF (THM~0,.2618)
CONTINUE

FAC2 (THM=0,1745)/(0,2618-~0,1745)
F1(1)=(0,32-0.455)9FAC+0,455
F1(2)={0,34-0,52)8FAC+0,52
F1(3)=2(0.29-0,42)9FAC+0,42
F1(4)=(0,31-0,35)8FAC+0.35
F1(S)=(0,48~0,52)®FAC+0,52

GO0 T0 S5
CONTINUE

IF (THM=0,3491)
CONTINUE

FAC= (THM=-0,2618)/(0.3491-0,2618)
F1(1)=(0.,25-0.32)9FAC+0.32
F1(2)x(0.,25-0.34)®FAC+0,234
F1(3)=2(0.,22-0,29)*FAC+0,29
F1(4)=(0,28-0,31)#FAC+0,3]
F1(S5)=(0,45-0,48)8FAC+0,48

GO T0 S
CONTINUE
F1(1)=0,25
F1(2)=0.2S
F1(3)=0,22
Fl1(4)=20,28
F1(5)=0,45
CONTINUE
F1(6)20,63
F1(7)=0.63
F1(8)=0,59
F1(9)=0,53
F1(10)=0,4
F1(11)=0,35
F1(12)=20,32
F1(13)=0,3

IF (THM-0,0873)
CONTINUE
AEX=10.6

GO 10 12
CONTINUE

IF (THM=0.174%)
CONTINUE
AEX2(7.66-10.6)/(0,1745-0,0873)*(THM=0,0873)¢10.6
GO TO 12
CONTINUE

IF (THM-0.2618)
CONTINUE

AEX® (6,34=7,66)/(0,2618-0,1745)% (THM=0,1745)+7,66
GO T0 12

CONTINUE
AEX=Z(5.28=6.34)/(0.3491-0,2618)*(THM=0,2618)+6,34
CONTINUE

6K0B(1)=1,2

GKDB(2)=1,.4

GKDB(3)=1,6

GKDB(4)=1,8

GKOB(5)=2.0

GKDB(6)=2,05

RFORE(1)=1,0

RFORE (2)=0.6

RFORE (3)=0,34

RFORE (4)=0,15

69647

84949

10+10411

13¢13414

15,15+16
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TAN 3y
TAN 40
TAN [ 3}
TAN &2
TAN 4)
TAN Lh
TAN 4%
TAN L6
TAN 47
TAN 48
TAN 49
TAN S0
TAN 51
TAN 52
TAN 53
TAN Sk
TAN S5
TAN 56
TAN 57
TAN S8
TAN 59
TAN 60
TAN 61
TAN 62
TAN 63
TAN 64
TAN 65
TAN 66
TAN 67
TAN 68
TAN 69
TAN 70
TAN 71
TAN 12
TAN 73
TAN T4
TAN 75
TAN 16
TAN 77
TAN 78
TAN 79
TAN 8o
TAN Rl
TAN 82
TAN 83
TAN 84
TAN 85
TAN 8%
TAN 87
TAN 88
TAN 89
TAN 90
TAN N
TAN 92
TAN 93
TAN 94
TAN 95
TAN 96
TAN 97
TAN 98
TAN 99
TAN 100
TAN 101
TAN 102
TAN 103
TAN 104
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18

60

61

23

22

25

26

24

27
28

30

31
32

RFORE (51=0,04 TAN
RFORE (6)w0,0 TAN
BAFT(1)e1,0 TAN
BAFT(2)=1,2% TAN
BAFY(3)=],S TAN
BAFT(4)=2,0 TAN
BAFT(S)=2,25 TAN
CAFT(1)»0,22 TAN
CAFT(2)=0,.24 TAN
CAFT(3)=0,3 TAN
CAFT (4)=0,5 TAN
CAFT(S)=0,61 TAN
DO 17 K=} ,NOS TAN
ITSU=ITS(X) TAN
GO TO(18419+204+21)01TSY TAN
CONTINUE TAN
RGB (K) =ABS (Y (X yNUT) ®EL-2G) TAN
IF(X(Xyl)) 60,60,61 TAN
CONT INUE TAN
EDDY(K)=0,63 TAN
GO 10 29 TAN
CONT INUE TAN
GOB=RGB(K) /2. /X (Kel) ZEL “AN
IF(GDB=2.,05) 22¢23+23 TAN
CONTINUE TAN
RBIL=0,0 TAN
GO T0 24 TAN
CONT INUE TAN
00 25 J=2.46 TAN
ITEMP = TAN
IF(GOB~-GKDB(J)) 26426425 TAN
CONTINUE TAN
CONTINUE TAN
J = ITENP TAN
RBIL=(RFORE (J) -RFORE (J~1))/(GKDB(J)~GKDB(J=-1))®(GDB=~GKDB(J=-1)) s+RFOTAN
1RE(J=~1) TAN
RBIL=RBIL®*X (Ks]1)®EL TAN
CONT INUE TAN
/NG=1,/G08 TAN
D0 27 J=2., 11 TAN
ITEMP = TAN
[F(BDG-BOKB (J)) 2R+28,27 TAN
CONTINUE TAN
CONT INUE TAN
J = [TEMP TAN
FONE=(F1(J)=F1(J=1))/(BOKG(J)~-BOKG(J=~1))*(BDO-BOKG(J=1))e¢Fl(U=1) TAN
F2ALF=1, TAN
EDOY (K) =F2ALF *FONE®EXP (~AEX®*RBIL/ABS (Y (KsNUT) ) Z/EL) TAN
G0 TO 29 TAN
CONT INUE TAN
DO 30 J=1,NUT TAN
X1 (J)ax(KyJ)*EL TAN
YI(J)=2Y (K+J)*EL TAN
CONT INUE TAN
RBIL=RD(K) TAN
RGB (K) =SQRT((YI (NUT)=2G) ##2+X](1)®82)~RBIL#(SORT(2.)~1,) TAN
BDG=2.%xX] (1) /7ABS(YI (NUT)=20) TAN
DO 31 J=2,13 TAN
ITEMP = TAN
IF(BDG~BDKG(J)) 32432431 TAN
CONT INUE TAN
CONTINUE TAN
J = ITEMP TAN
FONE=(F1(J)=F1(J~1))7(BOKG (J)~BOKG(J=1))*(BDOG-BOKG(J~1))+Fl(J=1) TAN
EDDY (K)>FONE®EXP (~AEX®RBIL/ABS(YI (NUT))) TAN
GO 10 29 TAN
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137
138
139
140
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20 CONTINUE TAN
RGO (X) =ABS (Y (K4NUT) #EL~2G) TAN
BDO=2.2X(K,1)®EL/RGB (K) TAN
D0 33 J=2,5 TAN

ITEMP = TAN
IF(BDG-BAFT(J)) J4+34,33 TAN

33 CONTINUE TAN
34 CONTINUE TAN
J = ITEMP TAN
EDDY (X) = (CAFT(J)=CAFT(J=1)) 7 (BAFT(J)=BAFT(J=1))® (BDG~BAFT {J~1)) «CATAN
1FT(J=1) TAN
GO T0 29 TAN

21 CONTINUE TAN
RGB(K)=(0,0 TAN
EODY (K)=0,0 TAN

29 CONTINUE TAN
GO TO({40,40043443)s1TSU TAN

40 CONTINUE TAN
IF(X(Ke2)=X(Kgl)) 42443443 TAN

42 CONTINUE TAN
BRE(X(Ksl)=X(Ks2))/ (=Y (Ks2)) TAN
ALF=sATAN (BR) TAN
RDD=2RBIL/ABS (Y (KsNUT)) VEL TAN
IF(RDD) 44444445 TAN

44 CONTINUE TAN
F2(2)=0,.855 TAN
F2(3)=0,.765 TAN
F2{4)=20.682 TAN
F2(5)=0,646 TAN
GO TO 46 TAN

45 CONTINUE TAN
IF(RDD=0,0571) 47947448 TAN

47 CONTINUE TAN
F2(2)=2(0,745-0,855)/0,0571%R0D+0.,85S5 TAN
F2(3)=2(0.,670-0,765)/0,0571%R0D+0.765 TAN
F2(4)=(0.,745-0,682)/70,05712R0D+0,682 TAN
F2(5)2(0.,915-0,646)/70.05712RDD+0,646 TAN
GO TO 46 TAN

48 CONTINUE TAN
IF(RDD=0.1142) 49449450 TAN

49 CONTINUE TAN
F2(2)=0.74 TAN
F2(3)=(0,72-0,670)/(0,1142-0,0571)*(RDD~0,0571)+0,67 TAN
F2(6)2(0.89-0,745)/(0,1142-0,0571)%(R0D-0,0571) 0,745 TAN
F2(5)={1.34~0,915)/(0,1142-0,057%)#(RDD-0.05715+¢0,915 TAN
GO TO 46 TAN

50 CONTINUE TAN
IF(RDD=-0.1713) S1+51+52 TAN

51 CONTINUE TAN
F2(2)2(0.70-0,764)/(0,1713-0,11462)%(RDD=0,11642)+0,74 TAN
F2(3)20,72 TAN
F2(6)=(1,20-0,89)/(0,1713-0,1142)%(RDD-0,1142)40,89 TAN
F2(5)=(1.94-1.,34)/(0,1713-0.1142)*(R0D=0,1142)+1.34 TAN
GO TO 46 TAN

G2 CONTINUE TAN
F2(2)=0,7 TAN
F2(3)=0,72 TAN
F2(a)=x],2 TAN
£2(5)=21,94 TAN

46 CONTINUE TAN
DO 53 J=2.5 TAN

ITEMP = J TAN
IF (ALF-ALF2(J})) 54454453 TAN
S3 CONTINUE TAN
S4 CONTINUE TAN
J = [TEMP TAN
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172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
159
200
201
202
203
204
205
206
207
208
209
210
211
212
213
2la
215
216
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233
234
235
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FRALF = (FR(J)=F2(J=1))/7(ALF2{J)=ALF2(J-1) ) (ALF=ALF2(J~1)}sF2(J~1) TAN 237
E0DY (K)=EDDY {K) ®F 2ALF TAN 238
43 CONTINUE TAN 239
17 CONTINUE TAN 240
RET-JRN TAN 241}
END TAN 242
BIL 2
----- VERSION & - CDC 6700 - R I L GE K = JUNEs ]1972%--cccccaae==BIL 3
BIL 4
SUBROUTINE BILGEK(GXI+THM,S8KD, TBKD) BIL 5
BIL [
PROGRAMMER=- F,E., DE NOOIJ.DONV BIL T
BIL 8
COMMON AM(27) JNUT oNMAS NOSyST (2S) +DS(25) sEL+ELL o X(25+8) s Y (25¢8) +PHBIL 9
TAS(27) o XMAS(27) o ZMAS(2T) +RRG(2T) 4 XGoZG s TMAS yETG& sEISSE166+E146,TPBIL 10
2STeRFIIRAMIG ¢AMSS 4 IGMDIP oKX ¢ Ny TVOL e ALFA(404]11) yBETA(40+11),HDG(10)BIL 11
J.FN(S) ¢+BAM(30) 4COG(10) +S0G(10) 4OMAX ¢OMINNFRNOK ¢NOB +NOM,OMEN (40) +BIL 12
GFR(T96) o XX(25¢7) oYY (2547) +DEL (25¢7) s SNE(25+7) ¢CSE(2597) +EN1(254+7)48IL 13
SUNIOMEGA s 10« TITO(12) +WORD«NON, IXASToHDG] (10) o IT+CBY +CMCoPRNTOP BlIL 14
COMMON ST) (27) 4 YMAS(27) +BEAMJDRAFT OMAX, IRRML,IEND,IBILGE,IPRES,y BIL 15
2VNY ¢ GRAV ¢ AMODL ¢MOD ¢ AKEELL ¢+ BEAMKL 4 1TS(25) +RD(25) +RFD(25) +OELTAD (2S)BIL 16
2+RKD (25) +SD (251 +COSPHD (25) +PHID (25) +STPR(25) + THXD (50) BIL 17
COMMON NWSTP, INWSTP(12) BIL 18
BIL 19
THIS CALCULATION METHOD IS A MODIFICATION OF KATOS HETHOD B8IL 20
R=aRADIUS OF RILGE CIQCLE AT STATION K 8IL 21
RF=RISE OF FLOOR AT STATION X BIL 22
DELTAL=LENGTH OF THAT PART OF THE BILGEKEEL WHICH IS AT STATION KX giIL 23
RK2DISTANCE OF MIIDOLE OF BILGEXEEL FROM THE MOMENTAXIS IN wATERPLABIL 24
SLENGTH OF GIRTH FROM  THE ROOT OF BILGEKEEL TO THE WATERSURFACE BIL 25
AT STATION X BIL 26
COSPHI=COSINUS TO THE ANGLE MAQE BY THE PLANE OF BILGEKEEL WITH RK BIL 27
PHI=ANGLE BETWWEEN RK AND WATERPLANE 8IL 28
BEAMKL =BREADTH OF BILGE KEEL s8Il 29
AKEEL=LENGTH OF RILGEKEEL 8IL 30
8IL 31
DIMENSION SBKO(27) BIL 32
D0 703 K=]+NOS BIL 33
R=RD (X) BiL 34
RF=RFD (K) BIL 3S
DELTAL=DELTAD(K) BIL 36
IF (DELTAL JLE., 0.) GO TO 701 BIL 37
RKxRKD (K) BIL 38
S=SD (K) aIL 39
COSPHI=COSPHD (X) BIL 40
PHI=PHID (K) BiIL [
SHBEAM32 ,#X (K1) *EL BIL 42
GK=ABS (Y (K NUT) ) *EL BIL 43
T=6,2831859SO0RT(ELL/GRAV) /GX1 sIL 44
DRAUGT=2GK BIL 45
TETAM=THM BIL 46
AKARPA = Re(],+RF/SHBEAM) #a2,/SQRT (0,5*SHBEAM®GK) 8IL 47
CK a],¢3,5%EXP(~9,*AKAPPA) 8IL 48
CO =1000.%().4640+03,8%PH[®#],) BIL 49
ALABDA = R/(DRAUGT=(RF/SHREAM) # (SHBEAM=2,#R)) BIL S0
FUNLAB = 1,34*% SIN(3,1416%ALABDA/3.6)/(1.40,162% SIN(3,1416%(ALABBIL S1
1DA-0.9)/1.8)) BIL 52
EPSIL=ATAN(2.®RF/SHBEAM) BIL 53
0 =(0,5*SHREAM » TAN(3,1416/4, =EPSIL/2,) +RF~GX)®SIN(3,1416/4,+EPBIL 5S4
151L/2,) BIL 55
PO = GK ~ DRAUGT/3. = 2.% RF/3, BIL 56
PONE=0,8R* (GK-DRAUGT-0,54% (SHBEAM/2,~ (DRAUGT-RF)*TAN(3,1416/4,+EPSBIL 57
1IL72.))) BIL 58
BCIRC = COSPHI + S#*(Q+PO-(PO-PONE)*FUNLAB)/2./BEAMKL/RK BIL 59
ZETA =2 BEAMKL/ (RK#PH]%# ,75) BIL 60
AN 2 1,4 ¢2,03%EXP(=~25,%7ETA) BIL 61
M
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ALPHA = 2,<AN BIL
REYN=8 , *BEAMKL®RK® THM#GX I /ELL/ELL/VNY/6,2832% (AMODL/ELL) 802 BIL

IF (REYN-10.%%3) 10410411 8IL

10 CA=1,95-0,25%ALOG(REYN) ZALOG(10.)+0,28SIN(3.1416% (ALOG(REYN) Z/ALOG (BIL
GO 10 7 BIL

11 Cas=], 8IL
7 CONTINUE BIL

F = RKeTETAM & PHI®e#} ,70/(T ® SQRT(BEAMKL)) 8IL
FALFA= FeepALPHA BIL

CN = 1,98¢ EXP(~11,%BEAMKL/AKEELL) RIL
CS=C0/2.68/71000./FALFA 8IL
SBXD (K) =GX1#2.8 (RK/EL)#®38THMe2 ,4DELTAL®BEAMKL/ELL/ELL/3,/3,141593B1L
}#CS*CA®CKeCNeBCIRC/TVOL BIL
SBKD (K) =2, #SBKD (K) BIL
TRKD=TBKD +SBKD (K) BIL

410 FORMAT(12E10.4) BIL
T03 CONTINUE BIL
RETURN BIL

END 8IL

END

------ VERSION 4 - CDC 6700 =~ END S EP = JUNEy 1972-=c===wceee-END
END

SUBROUTINE ENDSEP (DADB+GXI+PAAIPAV+JY) END

END

PROGRAMMER- 0, FALTINSEN,NNV END
END

COMMON AM (27) +NUT ¢NMAG4NOS+ST(25) 9DS(25) +EL+ELL X (25¢8) +Y (2548} «PMEND
1AS(27) 4 XMAS(27) 9 ZMAS(27) sRRG(27) ¢ XGoZG s TMASIETLGL,ETISSWE1664E166, TPEND
2ST+RF334RM3S4RMSS yOGMeDIP ¢KoeNoeTVOL s ALFA (40411) +BETA(40411)+HDG(10)END
JFN(S) yBAM(30) +COG(10) +SDG(10) yOMAXyOMINGNFRsNOK¢NOB+NOH,OMEN (40) +END
GFR(T96) 4 XX(25¢T7) oYY (2S547) ¢DEL(25¢7) oSNE(25+7) +CSE (25¢7) 9EN1 (2547) +END
SUN+OMEGA+IDsTITO(12) ¢ WORD¢NON, IXAST4HDGI (10) 9 IT+CBV+CMCoPRNTOP END

COMMON ST1(27) +YMAS(27) +BEAMIDRAFT ¢DMAX s IRR9ML » IEND IBILGE+ IPRESs END
PVNY ,GRAV s AMODL +MOD » AKEELL y BEAMKL ¢ ITS (25) yRD(25) ¢RFD (25) +DELTAD (25)END

2+RKD (25) +SD(25) +COSPHD (25) ¢+ PHID (25) +STPR(25) + THMD (50) END
COMMON NWSTP INWSTP(12) END
DIMENSION DA(6+6)+DB(6+6) sPAA(254T+6) yPAV(254746)2DADS(10) +DDDS(10END
1§ END
END
NOS IS TEMPORARILY CHANGEDO TO IXAST IN THIS ROUTINE END
END
NOSH=NOS END
NOS=1XAST END
NIP=ST(NOS)~-TPST END
DO S&4 I=]1,NON END
FR(I+1)=EN1(NOS,I) END
FR(1,2)3=-SNE(NOSs 1) END
FR(I+3)aCSE(NOSyI) END
FRII46)2XX{NOS+I)®CSE(NOSI) =YY (NOS+I)®FR(1+2) END
FR(1+5)=-D1P®FR(1,3) END
FR(I+6)=DIP*FR(I+2) END
S4 CONTINUE END
DO 5SS LK=1,10 END
GO TO(613+613+4613¢6134613+161346144615+6164617) LK END
613 CONTINUE END
L=LK END
M=K END
GO TO 618 END
614 CONTINUE END
L=S END
M=3 END
GO TO 618 END
615 CONTINUE END
L»2 END
M END
112
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616

617

618

619

SS

620

621

622

G0 10 618 END

CONT INUE END
w2 END
Mut END
GO TO 618 END
CONT INUF END
L=6 END
[ TYA END
CONTINUE END
DADS(LX)=0,0 END
0DDS (LK) =0,0 €120
DO 619 Jm]NON END
DADS (LK) = DADS (LK) +DEL (NOS+JISFR(JsL)OPAA(NDS s JoM) END
DODS (LX) = DODS (LK) «DEL (NOS. ) 8FR(JoL) SPAVINOS s JeM) END
CONTINUE END
DADS (LX) 32,0°NDADS (LK) *DS (NOS) END
NODS (LX) 32,0°NDDS (LX) *DS (NOS) END
CONT INUE END
DD 620 L=1.10 END
DADS (L) =DADS (L) /TVOL/UN END
DDOS (L) =PD0S (L) /TVOL/SORT (UN) ®SORT (2,) END
CONT INUE END
00 621 L=4,10 END
NADS (L) =DADS (L) *0,520,.5 END
NODS (L) =0D0NS(L1°0,5%0.S END
CONT INUIE END
" 622 L3T,9 END
DADS (L) =DADS (L)Y *2, END
ADDS (L) =0D0S (L) 2, END
CONT INUE END
DA(242)204(2+2)=FNIJJ)7GX1282/0G(NOS)*2,¢DDDS (2) END
DB (2+12)=DB(2+2) ¢FN(JJ) /DS(NOS) 82 ,8DADS (2) END
DA(2+40)=DA(2+6)=FN(JJ)/GXI202/DS(NOS)#2,20005(9) END
DB(2+46)2DR(2+4) sFN(JJ) /DS (NOS) #2,*0ADS(9) END
DA(246) 2DA(2+6)=FN(JJ) /GX1882/0S (NOS) #2,#0DDS(8) = (FN(JJ)/GX]) #e2/DEND
1S{NOS) *2,*DADS (2) END
DB(2+6)2DB(2+6) *FN{JJ) /DS INOS) #2,90ADS(B) = (FN{JJ) /GX]) ®92/DS (NOS) *END
12.4000S(2) END
NA(L+2)=0DA(244) END
DB(442)=DB(244) END
DA(G+4) =DA(G46)=FN(JJ)/GXT#82/DS (NOS) *DD0DS(4) *2, END
DB (4ot ) DB (G 46) +FN(JJ) /DS (NOS) #2,*DADS (&) END
DA(G+6)=DA(L46)=FN(JIJ)/GX]9202/DS(NOS)*2,2000S(10)~(FN(JJ)/GX]}«22/END
10S(NOS) #2,4DADS (9) END
DB (44+6)T0B(646) +FN(JJ) /DSINOS) 82, ¢0ADG(10)=(FN(JJ)/GXI)*#2/05(NOS)END
192,2000S (9) END
DA(6+2)=DA(6+2)=FN(JJ) /GX1#82/DS(NOS) *2,*00NS (8) END
DR(642)=0B(6+2) +FN(JI) /DS (NOS) #2,*DADS(8) END
NDA(6+6)=DA(6446)~FN(JJ)/GX1*22/0S (NOS) *2,*0005(10) END
DB(6+4)=0B(644) +FN(JJ) /DS (NOS) *DADS(10) *2, END
DA(6+6)ZDA(646)=FNI(JJ) /GXT®#®82/NS(NOS) #2,#DCDS(6) = (FN(JJ)/GX])®*e2/DEND
1S(NOS) *2,*NDADS (R) END
DB(6+6) D8 (Ae6) sFN(JIJ) /DSINOS) #2,#DADS(6)=(FN(JJ)/GXT)®22/DS(NOS) ®END
12.2000S(8) END
DA(3+3)=DA(3+3)=FN(JJ)/GX]*92/(3S(NOS) #2,%D0DS(3) END
0B(3+3)=208(3+3) +FN(JJ) /DS (NOS) #2,*DADS(3) ENG
DA(S+3)3DA(S3)=FN(JJ) /GX]1#02/DS(NOS)*2eD0DDS(T) END
DB (S+¢3)=0B(S+3) +FN(JJ) /DS (NOS) *2,*DADS(7) END
DA(3+5)=DA(3+S) ¢+ (FN(JJ)/GX]) *##2/DS(NOS}#2,#0ADS(I)=FN(JJ)/GX1ee2/DEND
1S(NOS) *2,2000S (7) END
DB(34S)=DR(I+S) ¢ (FN(JJ)/GX])*22/DS(NOS) *2,%DDDS(3) «FN(JJ) /DS (NDS) ®END
12.*DADS(T) £ND
NA(S+5)3DA(S+S) =FN(JJ) /GX]%e2/DS(NOS) *#2,2DDDS(S) ¢ (FN(JJ) /GX1) *#2/DEND
1S (NOS) *2,+DADS (7) END
DR(5+5)=DB(S+S) +FN(JJ) /NS (NOS) #2,2DADS(5) + (FN(JJ) /GX1)*92/DS{NOS) *END
12.%00DS(T) END
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NOS=NOSH END 114
RETURN END 115
END END 136
¢ HYD 2
o VERSION 4 =~ CDC 6700 - HYD P RE =~ JUNEs 1972------==u -=~<HYD 3
c HYD 4
SURROUTINE HYDPRE (WN+BOD+BEV+PAAIPAV+GXT+PRERE sPREIMsJJoMM) HYD S
c HYO 6
C PROGRAMMER- 0. FALTINSEN,ONV HYD 7 |
c HYD 8 J
COMMON AM(27) «NUT yNMAS o NOS+ST(25) ¢DS(25) +ELsELL 9 X(25¢8) s Y(25¢8) + PHHYD 9
1AS(27) +XMAS (27) + ZMAS (27) 4RRG(27) s XG1 26+ TMAS +E 144y EISS+EI1664ET46s TPHYD 10 1
2STRF33,RM35 4RH55 {DGMsDIP oK Ny TVOL ¢ ALFA (40¢11) ¢BETA (404111 4HDG(10)HYD 1] !
34FN(S) +BAM(30) +CDG (10) +SDG (101 sOMAX sOMINyNFRsNOK 4NOBsNOH4OMEN (40) 4HYD 12 i
GFRUT+6) 4 XX(25+7) 9 YY (25¢7) +DEL (25¢7) o SNE(25¢7) 4CSE (25+7) +EN1(25,T) oHYD 13 1
SUNJOMEGA«IDTITO(12) +WORDyNON, IXAST+HDG] (10) »ITeCBV+CHMC+PRNTOP HYD 14 g
COMMON ST1(27) 4 YHAS(27) 4BEAMDRAFT DMAX s IRR oMLy IEND IBILGE+ IPRES, HYD 15 :
2VNY GRAV s AHODL +MOD ¢ AKEELL s BEAMKL 4 ITS (25) +RD (25) +RFD (25) +DELTAD (25)HYD 16 ]
24RKD (25) +SD (25) +COSPHD (251 +PHID (25) s STPR(25) s THMD (50) HYD 17 A
COMMON NWSTP,INWSTP(12) HYD 18 H
DIMENSION BOD(641) +BEV(651) +PAAIRS5¢T16} +PAV(25,746) +REP (] HYD 19 i
1443) »A1P (1443) +PRERE (8414) yPREIM(B414) HYD 20 1
COMPLEX POIFR,CPET,I1 HYD 21 i
COMPLEX PP,Q0Q.0000,DEVEN HYD 22 :
11=(0.0,1,0) HYD 23 /
KPA=0 HYD 24 :
DO 1 K131,NOS HYD 25
IF(STPRIKI)) 20142 HYD 26
2 CONTINUE HYD 27
KMxK]-1 HYD 28
KP=K] +} HYD 29
KPAzKPA+ ] HYD 30
D0 3 KaKM,KP HYD 31
CPaWN® (ST (K) =TPST) #CDG (M) HYD 32 :
CP12COS(CP) HYO 33 :
CP22SIN(CP) HYD 36 :
CPET=(CP1+11%CP2) HYD 35 :
DIP=ST (K) -TPST HYD 36 ;
DO & JS=142 HYD 37 )
G0 TO(5+6)4JS HYD 38 :
S CONTINUE HYD 39 '
CSP=1.0 HYD 40 :
60 10 7 HYD 41 ;
6 CONTINUE HYD 42 ,
CSP=-1,0 HYD 43 .
7 CONTINUE HYD 44 ;
00 8 Jx1,NON HYD 45 :
FR(Js1)2EN] (Ko J) HYD 46 ;
FR(J+2) ==SNE (K+J) CSP HYD 47 j
FR{J+3)aCSE(KeJ) HYD 68 :
FR(Jy4)3 XX(KyJ) #CSE (KyJ) #CSP=YY (KyJ) #FR(J02) HYD 49 ]
FR(J+5)2-DIP*FR(J+3) HYD S0 i
FR(J+6)SOIP®FR(Js2) HYD 51
PET=EXP (WNSYY (KyJ)) HYD 52
ARG=WN®XX (K+J) *CSP#SDG (MM) HYD  S3
FC=COS (ARG) HYD 56
FS=SIN(ARG) HYD 55 ;
PP=FR (J43) HYD 56 ]
PP=PP+[#FR(Js1) *CDG (MM) HYD  S7 !
QO=11%FR(J+2) *SDG (MM) HYD S8 ]
DODD= (PP#FC+11#Q0*FS) * (GXI*SQRT (0. S#WN) /UN) HYD 59
DEVEN= (QQ#FC+11%PPeFS)® (GX1#SORT (0.,5*WN) /UN) HYD 60
POIFR=- (DEVENSCMPLX (PAA(KyJs2) sPAV (K3 J12)) *CSPFR (J42) +DODD*CMPLX (HYD 61
1PAA (K J93) sPAV(KyJs3) 1 #FR(J93) ) *PET#CPET HYD 62
PDIFR=PDIFR-DODD*CMPLX (PAA(KsJo1) sPAV(KsJs 1)) FR(J+1) ®PET#CPET  HYD 63 ]
RPDIF=REAL (PDIFR) HYC 64
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AIPOF=AIMAG (PDIFR) HYD
REPMOSPAA (K3 Js 119800 (14]1) eCSPOPAA (K Je2) ®BEV(14]1) ePAA(KsJ,3) ®ROD (2HYD
101)00,50(CSPOPAAIK 3 Job)®BEV(24]1)ePAA(KY JoS)®BO0(341) sCSPOPAA (K, Jy6HYD
2)*BEV(301))=PAVIKJe1)®B0D(8¢1)=CSPOPAVIK+Jes2)®BEY (A1) ~PAV(K,4JeI)INYD
3®R0D(Se11=0,5® (CSPOPAV (K4 Jobh)OBEV(Se]1)ePAV (K, J35) 0800 (641) ¢CSPIPAVYHYD
&(KeJe6)®BEV(641)) HYD
ATPMORPAY (K4 Js1)®BOD(141)eCSPOPAV (K Js2)®BEV (141) ¢RAV(KJ,1)®BOD(2HYD
101)00.5¢(CSPOPAVI(K JoA)OBEV(24¢1) ¢PAV (K3 JeSIO®ROD(341) ¢CSPOPAY (K4 sbHYD
219BEV (34111 ePAA(K o Jo1)®BOD( (A1) sCSPOPAA(K s Je2) ®REV (o] ) sPAA(K, J¢IIHYD
3880D0(Sel)e0,SO(CSPOPAA(K o oh)SBEV(Se1)ePAA(KS95)0BOD(64]) +CSPOPAANYD

&(KeJe6)*BEV(641)) HYD
JMz JeNON® { JS=-1) HYD

: KKM2K =KMo ]| HYD
REP (UM KKM) =RPDIF «REPMO HYD
AIP (UM XKKM) =AIPDF ¢ ATPMO HYD

8 CONTINUE HYD
4 CONTINUE HYD
3 CONTINUE HYD
00 9 JS=1.2 HYD
GO TO(10411)4JS HYD

10 CONTINUE HYD
csPx1.0 HYD
GO 10 12 HYD

11 CONTINUE HYD
CsP=-1,0 HYD

12 CONTINUE HYD
K=Ky HYD

DO 13 J=1.NON HYD
JMz Je (JS=1) ®NON HYD

M HYD

PRERE (KPAy JM) =REP (UM 42) <FN(JJ)/GXI/DS(X]1)®(AIP(UMy3) ~AIP(JUM4]1) )IHYD
1oEXP (WNOYY (K9 J))*COS(WNS (ST (K)=TPST) ®COG (MM) + CSPOWNSXX (K4 J) #SDG (M) HYD
2)=(B0D(2¢1)+CSPOXX(KeJ) /2, 9BEV(2+1)-0,5¢(ST(X)-TPST)*BOD(3+1)} HYD

PREIM(KPA, M) =AIP (JM42) +FN(JJ)/GXI/0S(K1)®(REP(JMy3) =REP(JUMs1) IHYD
TeEXP (WNOYY (Ky }))*SIN(WN® (ST(K)=TPST) ®COG (MM) +CSPOWNOXX (K4 J) ®#SDG (M)HYD
2V-(800(S,1)+CSPeXX (K J)/2,9BEV(S+1)~0,58(ST(K)=~TPST)*B0OO(€41)) HYD

13 CONTINUE HYD

9 CONTINUE HYD

1 CONTINUE HYD
RETURN HYD

END HYD

C PRS
[ VERSION 4 - CDC 6700 =~ P RE ST = JUNEe: 1972-~~cccreccnma --=PRS
C PRS
SUBROUT INE PREST (PRF334PRMIS 4PRMSS PCL4) PRS

C PRS
C PROGRAMMER- O, FALTINSEN.DNV PRS
(o PRS
! COMMON AM(27) ¢NUT ¢NMAS  NOSsST(25) +DS(25) +ELIELL ¥ X(25+8) 9Y(25+8) +PHMPRS

1AS(27) + XMAS(27) ¢ ZMAS(27) yRRG(2T) 9 XGoZG s TMASE 144 EISS+E1664E146+TPPRS
2STeRF3I34RMISRMSS ¢OGMsDIP oK Ny TVOL +ALFA(40411)+8BETA(40+11)4HOG{10)PRS
F4FN(S] +BAM(30) +COG(10) +SDG(10) ¢OMAX sOMIN¢NFRyNOX 4NOB ¢+ NOH ¢ OMEN (40) +PRS
GFRIT46) e XX (2SeT)aYY(2547) ¢DEL(25¢7) 9SNE(25¢7) ¢CSE(25+T7) +ENL1(2547)+PRS
SUNOMEGAWINDTITO(12) +WORD+NON4 IXAST+HOG]) (10) ¢ IT4CBV+CMCoPRNTOP PRS
COMMON ST1(27) «YMAS(27) +BEAMIDRAFTDMAX s JRRWMLJENDIBILGE+IPRES PRS
2VNY +GRAV s AMODL «MOD + AKEELL +BEAMKL o ITS(25) 4RO (25) +RFD (25) +DELTAD (25)PRS

2+RKD(25) +SD(25) +COSPHD (25) «PHID (25) + STPR(25) + THMD (50) PRS
COMMON NWSTP, INWSTP(12) PRS
DIMENSION SSI(27) +HBM(27) ¢SHB(27) +HSB(2T) PRS
DIMENSION HB3(27) PRS
NMAD=K ] PRS
NMUD=K+2 PRS
HA3(1)=0.0 PRS
SS(1) = STI(1)/10, PRS
SS(NMUD)2ST(K) +0,5°DS (K) PRS
HBM(]1)=0,0 PRS
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IF(K-NOS) 243,32 PRS

2 CONTINUE PRS
HBI (NMUD) =2 ,#X (Ky]) @8] PRS

HBM (NMUD) =X (Ko 1) pas

GO 10 & PRS

3 CONTINUE PRS
HBM (NMUD) =0, 0 PRS

HB3 (NMUD) =0, 0 PRS

4 CONTINUE PRS

00 1 JU=2.NMAD PRS
1Pl=y-1 PRS
SS(J)y=ST(IPD) PRS
HBM(J) =X (IP1+1) PRS
HB3(J) =2, X (IPls]1)®e] PRS

1 CONTINUE PRS

DO S J=14+NMUD PRS
SPD=SS (J)~-TPST pPRS

SHB (u) xSPD*HBM (J) PRS

HSB (J) =SPD#SHB (J) PRS

S CONTINUE PRS
FPCM=SIMPUN (SS+HB3+NMUD) PRS
PCBV=0,5#STMPUN(SSsAMsNMUD) /TVOL PRS
PCLL=PCBV+PPCM/3.0/TVOL*0,S PRS
PRF3324,0%STMPUN (SSoHBM NMUD) /TVOL PRS
PRM3IS==2,08SIMPUN(SS,SHB,NMUD) /TVOL PRS
PRMSSaSIMPUN (55 +HSBWNMUD) /TVOL PRS
RETURN PRS

END PRS

C vis
Crmmmme VERSION 4 =~ CDC 6700 - VI S C = JUNE, 1972--c-mmccaaca-a. -==VIS
C vis
SUBROUTINE VISC(GXI+VD+TVDTHM,EDDYRGB) VIS

C VIS
C PROGRAMMER- 0, FALTINSEN.ONY VIS
C VIS
COMMON AM(27) yNUT+NMAS4NOS ST (25) +DS(25) «ELIELL X (25¢8) 0Y(25+8) oPIVIS
1AS(2T) + XMAS(27) +ZMAS(27) sRRG(27) 1 XG9ZG s TMASWET44LEISSHET166+ET464TPVIS
2STeRF334RMIS«RMSS+DGMeDIP 9K e Ns TVOLsALFA(40411) «BETA(40411) +HDG(10)VIS
JFN(S) +BAM(30) +COG(10) +SOG(30) sOMAX+sOMININFRyNOK ¢NOB+NOH,OMEN (40) o VIS
GFR(Te6) o XX(254T)9YY(2547) «DUL(2547) +SNE(25+7) ¢+ CSE(25+7) +ENL1(2547)0VIS
SUNSOMEGA+ID«TI1U(12) yWORD+NONy IXASToHDG1(10) 9 IToCBV+CMCyPANTOP VIS
COMMON ST1(27)+sYMAS(27) +BEAMIDRAFT +OMAX s IRRMLyTEND s IBILGE s IPRESy VIS

PVNY s GRAV + AMODL +MOD s AKEELL +BEAMKL s ITS(25) +RD(25) +RFD (25) +DELTAD(25) VIS
2+RKD (25) +SD(25) «COSPHD (25) +PHID(25) +STPR(25) + THMD (50) vis
COMMON NWSTP,INWSTP (12) vis
DIMENSION VO(2T) vis
NDIMENSION EDDY(27) vis
DIMENSION RGB(27) VIS
DIMENSION XI(8)YI(8) VIS

(o VIS
o THIS SUBROUTINE CALCULATES SKIN-FRICTIONAL AND EDDYMAKING ROLL~DAMPVIS
C VIS
PI=3.1641593 vis
TVD=0,0 VIS

N0 2 Kxz14NOS VIS
RG=RGB (K) /EL VIS
PSUR=0,0 VIS

D0 3 J=1,4NON VIS
PSUR=PSUR+DEL (K+J) vis

3 CONTINUE VIS
PSUR=PSUR*DS (K) *2, VIS

DO 11  J=1+NUT 2%

X1 (J)=X(KeJ) VIS

YI(D) aY (KyJ) VIS

11 CONTINUE VIS
SNAR=2,*ABS(SIMPUNI(YI +X14NUT)) VIS




O00

OO0OO0OOOO0

DK=ARS (Y (K4sNUT)) VIS &0
RMK=2 , ®BMAX (NUT+X1) vis &1
CA=SQAR/BMK /DX VIS 42
RS=l,/PI®((0.,A87+0.1459CA}® (1, ,T80K+CAORMX) +2, 87G/EL) vIS 43
PMOAR=RS®®30PG|)R vis Lb
PARMzRSe®e? vIS 45
RNx3,22/8./P19GX] oPAQMOTHMO®2 /YNY® (AMODL/ELL) ®@? vIS &6
VA2=20,0 vIis &7
GO TO(%+5) +MOD vIS 48
S CONTINUE VIS &9
VA2x(0,014%nNe® (-0, 114) VIS So
& CONTINUE VIS 51
VA=],32R%RN®e (-0,5) s VA2 VIS 52
VO(K)=]1,/6./PlePMOAR®THMeGX]/TVOL®VA vIS S3
VD(K)2VD(K) +1,./6./P1#PSURSRGO®ISTHMEGX ] /TVOL®EDDY (K) VIS S4
VD (X)22,oVD (K} VIS SS
TVD=TVD+VD (X) vIis 56
2 CONTINUE VIS 57
RETURN VIS S8
END VIS S9
ATD 2
------ VERSION 4 = CDC 6700 = AT AN2D - JUNEy 1972-=c—ceaceeecATD 3
ATOD 4
FUNCTION ATANZPD (B.A) ATD 5
ATD 6
PROGRAMMER- w, MEYERSWNSRDC ATD 7
ATOD 8
------ ARCTANGENT FUNCTION TO COMPUTE ANGLES (IN DEGREES) IN ANY===—====ATD 9
------ QUADRANT, THE B ARGUMENT 1S THE IMAGINARY VECTOR, THE A=-======ATD 10
------ ARGUMENT [S THE REAL VECTOR.===-s=s==orecrccreccsrecencmccemmeaaa=ATD 1]
. ATD 12
DATA EPS /1.E-10/ ATD 13
IF (8 .EQ. 0.,) ATANZD = 0. ATOD 14
IF (B .6T7. 0.) ATANZ2D = 90, ATD 15
IF (B LT. 0.) ATAN2D =-90, ATOD 16
IF (ABS{A) .GT. EPS) ATAN2D = ATAN2(B+A)®57,295779 ATD 17
RETURN ATOD 18
END ATOD 19
BMX 2
------ VERSION 4 = CDC 6700 - B M A X =~ JUNEs 1972«e=erccmcncccnac--BMX 3
BMX 4
FUNCTION BMAX (NUT,.XI) BMX 5
DIMENSION XI(1) BMX 6
AxXI (1) BMX 7
IF (NUT .EQ. 1) GO TO 20 BMX 8
00 10 I=2.NUT BMX 9
IF(XI(1).GT.A) A=x1(D) BMX 10
10 CONTINUE 8MX 11
20 BMAX=A 8MX 12
RETURN BMX 13
END BMX la
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DTNSRDC ISSUES THREE TYPES OF REPORTS

(1} DTNSRDC REPORTS, A FORMAL SERIES PUBLISHING INFORMATION OF
PERMANENT TECHNICAL VALUE, DESIGNATED BY A SERIAL REPORT NUMBER.

{2) DEPARTMENTAL REPORTS, A SEMIFORMAL SERIES, RECORDING INFORMA-
TION OF A PRELIMINARY OR TEMPORARY NATURE, OR OF LIMITED INTEREST OR
SIGNIFICANCE, CARRYING A DEPARTMENTAL ALPHANUMERIC IDENTIFICATION,

(3) TECHNICAL MEMORANDA, AN INFORMAL SERIES, USUALLY INTERNAL
WORKING PAPERS OR DIRECT REPORTS TO SPONSORS, NUMBERED AS TM SERIES
REPORTS; NOT FOR GENERAL DISTRIBUTION,
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