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I
ABSTRACT

Description s of two di g ita l computer programs which calculate

the mot i on of a mono-hull ship or a twin-hull ship are g i ven . The

ship Is assumed to be advancing at constant speed wi th arbitrary

headi ng in regular waves. The heave and p itch motion equations are

solved in the p rogram M0T35 ; the sway , rol l  and yaw mot ion equat ions

are solved in the program M0T246. Computer input and Output and

program usage are described. Lis t ings of the programs as well as

samp le input and output are g i ven.

ADMINISTRATIVE INFORMATIO N

This project was funded by the ~ii gh Performance Vehi cle Hydrodynam ic

Program of the Ship Performance Department , David V. Taylor Nava l

Shi p Resea rch and Deve l opment Center , under Work Unit 1507-200.
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INTRODUCT I ON

This report describes the data input requi red for the imp lementat i on

of the computer programs M0T35 and M0T21s6. The prog rams are written in

FORTRAN IV for use on the CDC 6700 at the David V . Tay lo r Naval Ship

Research and Deve lopment Center (DTNSRDC) . These p rograms ca lcu la te  the

mot i ons of a mono-hull ship or a twin-hull ship moving in a regular wave

train of arbitrary headi ng. The ships can have stationary stabilizing fins

at two arbitrary long itudinal locations. The ampl itude s and phases of the

motions are given as functions of encounter frequency .

The theoretical deve l opmen t for the solved equations is described in

a separate report.~~~
” These equations of mot i on are formu l ated in linear

second-orde r di f fe rential equations. These are separated into three

inde pendent groups representing , respective ly, the motion of surge , heave-

pitch , and sway-roll-yaw . The hyci rodyn amic coeffic ients in the equations

of motion are divided into three categories. The coefficients wh i ch can

be obtained un de r the potentia l-fl ow assumption for a non-lifting body

be long to the firs t category . These coefficients are obtained by strip

theory based on the solution of the two-dimensional hy drodynamic problem

of cylinde rs oscillating on the free surface . The wave exciting coeff icients

are obtained by the Haskin d relation . The hydrodynamic coefficients associated

with the viscous nature of the fluid be l ong to the secon d category . These

are obtained by the cross-flow approach for slende r bodies with moderate

ang l e of attack . The hydrodynamic coefficien ts contributed by the control

surfaces be l ong to the third category . These are obtained by slende r body

theory for low-aspect ratio wing-body combination . For mono-hull ships

witho u t horizontal stabilizing f i ns , only the hydrodyna rnic coefficients in

the firs t category are used.

Motion calculations are g i ven for five degrees of freedom . Computation

of surge is not made in the programs . Since the heave and pitch motion

equation s are assumed to be indepen dent of the sway , roll and ya.i motion

equatlions , the solution of the equation s is imp l emented in two separate

comouter programs : P10135 for heave and pitc h , M0T246 for sway , roll and yaw.

Refe rences are listed on page 235.
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Both programs can be used for calculating the mot i ons of either a

mono-hull or a twin-hull shi p. This choice is determined by the value

given by the input variable MONO .

The degree of reliability of the mathematical mode l is checked by

comparing the computat i ons with experimental results for SWATH confi gurations

in Refe rence 1. In general , the agreement between the two results are

found to be as good as in the case of mono—hull ships .
(2) 

For roll motion ,

the correlation for SWATH confi gurations appears to be better than that for

mono-hull ships . The computation of roll in M0T246 does not include the

bil ge kee l effects as does the mono—hull ship prog ram~~ but the bil ge kee l

effect may be represented by choosing prope r values for the viscous lift

coefficients (XZVL) and the cross-flow drag coefficient (XZFO).
For computation s of motion in irre gular seas , the transfer functions

computed by MOT35 and P101246 are used for input to another program called

SMOTION wh i ch has been deve l oped at the Center. The output of SMOT I ON

provides the si gnifica n t amplitudes of d s p lacement , ve l ocity and acceler-

ation of the modes of mot i on desired as well as the absolute and relative

vertica l or lateral motion at any gi ven poin t of the hull . It also prov i des

the percentage of exceedance of a given motion for shi ps operating in the

North Atla ntic Ocean .

The data card input deck used for the two prog rams P10135 and M0T246

is the same. A listing of data input , calculated geometric infor mation and

mot i ons (transfer functions) as function s of non-dimensional encounter

frequency are given in the computer output. If requested , added mass and

damp i ng coefficients and wave exciting forces and moments are also printed.

Program usage is described in this manual. Included are discussions of

p rogram structure , input , output and p rogram implementat i on .

GENERAL BACKGROUND FOR PROGRA M USAGE

The two motion p roq rams oresented here have evolved from the Center ’s

efforts in deve l oping anal ytical prediction methods for mono—hull and

twin—hull ships . The main theoretica l basis is the source—distribution

me thod for solving the boundary-value problem for oscillat i ng two-dimensional
(4)

cy linders . Once the method is deve l oped for sing le cy linde rs , th i s can

3



be extended to twin cy linders~~~ . With the slende r body assumptions , these

basic two-dimensional solutions can be integrated to obtain the hydrod ynam ic

coefficients involved in the equat i ons of motion . This approach is now

widely accepted as a practica l tool to compute ship motion s induced by

ocean waves.

The Center has deve l oped a comorehensive compute r prograrn~~ to compute

the motion of mono—hull ships in six degrees of freedom and various structural

l oadinas induced by the ship motion and waves. The presen t program is

deve l oped to computer the mot i on of twin-hull shi ps following the same approach

as used in the mon o-hull motion program . Howeve r , one of the major

defici en cies in the prior programs has been the underestimated

dx’r’inq coefficients in the heave , p itch and roll modes . The necessity of

in trod u cing viscous damning coefficien ts was almos t i mp erative if any rea l i st i c

predi ct i on of mot i on was to be made. The dearee of difficulty in obtaining

reliable dampin g coefficients is well known to those who h ave attempted to

predict the roll mot i on of mono-hull ships . The aforementioned difficulty

was resolved by using an emp iri cal anproach borrowed from the method used for

airsh ip s . Another difficu lty was encountered with a twin-hu H shi p with

stabilizing foils . Here , the hyd rod ynam ic effects contributed by the fo ils

should be p roperl y accounted for in orde r to obtain a reliable prediction

of riot inn . The foregoing additional hydrod ynamic effects made the programs

much rnor~ comp lex than the mono—hull program .

Th c’ required computer memory is reduced by dividing the solution of the

eauri t ions of motion into two programs : one for heave-p itch mot i on and

one for sway-roll-y aw . This also saves unnecessary computation when onl y

cert~~ n modes of mot i on are of interest. Thus roll mot i on in beam waves , and

heav~ ~nd pitch in head waves can be calculated without solving all the

ep uat ir’s • Res ults from both programs are sometimes needed. For example ,

when comouting the absolute or relative vertical mot i on of a point on the

hull in obli aue waves , the heave , pitch and roll mot i ons are requ ired. For

this and similar computation s the results from the two p rograms can be

stored on tape . Then these results can be used in a th i rd program to make

the des i red computations.

13



In the deve l opment of these programs , the option of computing mot i ons

for a mono—hull ship has been included. The mon o—hull ships can have

asymmetric sect i ons.~ In the computations for mono-hull shi ps , the effects

of stationary stabilizing fins can be included. The roll damp ing contributed

by bil ge keels is not included in the present programs . However , the b i l ge

kee l effect can be included if proper viscous damp ing coeff icients , one

depending on the forward speed and the other being independent of the speed ,

are g i ven as input in the M0T246 program. Computations using this approach

should be correlated with available experimental data in orde r to deter-

min e the prope r values of the viscous damp ing coefficients for the bi l ge

kee l effects .

In the input data the wave heading ang les , B , mus t be g i ven values in

the range from 0 through 180 degrees. Since the transfe r functions for

6 ci are the same as those for B = + ~~ , results for all headings can be

calcu ’ated .

A part of the input data to the present program is a set of nondim ensio nal

encounter f requenc ies .  These frequenc ies for g i ven ship speeds can be used

to compute the incoming wave lengths or frequencies. When the wave heading

B , is in the quarter between the beam (B = ~rI2) and the stern , (B = 0) there
can exist three diffe rent wave lengths for a g i ven frequency of encounte r ,

depending on the speed of the ship. Thus , when the mot i on results are to be

obtained at reasonable intervals of the wave frequency so that the motions

in irregu lar seas can be computed , an adjustment of the interva ls of

frequencies of encounter should be made for each g i ven speed. In the present

orograms for the computation of motions for O.zB<j-, the ratios of wave length

to shi p length and the desired increment of the wave length to ship length

ratio between the nei ghboring ratios are to be chosen as input data instead

of the nondim ensional frequencies of encounter wh i ch should be g iven if the

waves are approaching the shi p from the bow quarter 90<B<180 .

~In the computation for a conventional catamaran shi p in head waves , the computed
mot i on of its demihu l l (wh i ch is treated as a mono—hull) shc~’ied better agree-

rnent with the mode l experimen tal results than the twin-hull results d i d . (7 )

5



PROGRAM ORI ANIZAT I ON

The prog rams presented in this report are oraanized with the use of

overlays . These overlay s consist of programs , subroutines and functions.

The structur e of MOT35 is ve ry simi lar to that of M0T2136. With the

exception of the prog ram PGM5, both P10135 and M0T246 have programs with

t ” e sa me n ames wh i ch are used for the same purposes . The structure of

thp ~ e nr ~ ,g ramc r~sembles that of the Frank Close-Fit Compute r Proaram .
6
~

The close-fit techni nue uti li zed in computing the base hull two-dimens i onal

added “‘ass and damning coefficients has been revised to be appli cable for

~nth t.~’~ ’ cy linde rs and a sin g le cylind er . (The alternative Lewis form

method for a si ngle cy li nd ~ r is not included in the present programs). In

addition , the notion of calculatin g mot i ons in an irregular seaway b y th e

n; er co..,_Mnckrwitz formula ha~ been retained in P10135. For a mono-hull shi p

tr a vellin g in head seas the heave and p itch mot i on calculations from M0T35

are eouiva Ie~~t to those obtained from the Frank prog r am . Ro.~ieve r , there

are many diffe rences between the Frank program and the present programs .

The program user should note that the form used for the input differs.

The program M0T35 and MOT2146 are organ i zed with the use of overlays .

To facilitate program alteration and usage the DTNSRDC program ED IT~ is

used.

A ae’~~’- al flow chart for both M0T35 and M0T2L46 i s  g i v e n  in  Fiqure 1 .

List i ng s of the progranis are given in App endices A and B. Brief descri ption s

o’ t ”.’ nveriav p roqraric • subroutines and functions are ai yen below.

P ~nc~ r ~ “ ‘c

MAIN is used to ini tiate program execution.

P10135 (or MOT2LI6) is used to read and write all the input data.

PG MI is used to calculate geometric and hydrostatic quantities.

°(MI A i s  uc ed to determine non—dimensional frequencies for ca l culat i ons

where the h~ adin g ang le is 0<Bc90 . See Appendix C for further discussion

of the technique used.

The Edi t Control Card Program was described in a techn i cal note by M .E. ilass
and P.E. Bu ttey of the Center ’ s Compu tation and A ppli ed Mathematics
Depa rtrne n t .

6
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PGM1B calculates absolute arzi relative motions , ve l oc ity and acceleration .

PGM2 is used to calculate added mass and damp i ng coefficien ts .

PGM2B is used to calculate cross-flow viscous damping contr ibut ions

to the damp ing coef f i c ien ts  and wave-exc i t ing forces.

PGM3 is used to determ ine and to w r i t e  the f inal  motion responses

(transfer functions).

PGM13 Is used to p lot the cros s-sect iona l o f f se ts .

PGM5 is used onl y In M0135 to calculate the responses in irregular

seas based on the Pierson-Moskowitz spectra formula.

Functions

ATAN 3 is used to set the va lue of the arctangent of (0 ,0 ) to 0.

SIMPUN is used to eva l uate an integral us i ng the trapezoidal method .

XMAX is used to determ i ne the max i mum va l ue in a g i ven array.

X’IIN is used to determine the minmum va l ue in a given array .

Subroutines

DAV I D IS used to calculate the two-dimens i onal frequency-dependent

ve l oc i ty potential and its norma l derivatives on the body due to a pulsating

source of ‘nit strength. (See Appendix A of Reference 4).

FINIT is used to calculate the logarithmic terms in the expression of a

pulsatin g source of unit strength.

FRANK i s used to calcula te the added mas s , damp i ng and complex amplitudes

of exciting forces and moments for a section .

MAT I NS is used for matrix i nversion and for solut i on of linear equations

by the pivot method .

N ILS is used for eva l uating Simpson ’s wei ght coefficients for an array

of station numbers .

PRESS is used to cal culate the pressures on the cross-section contours.

S[PST is used to calculate statistica l sea state data for ~ ~~~~ ~iq i-

fican t wave hei ght.

SOLVE is used to solve the equations of motion .

QDFCN is used to calculate non-dimens i onal wave frequencies , wave num-

bers , and wave lengt h to sh i p length for a g ive n array of non-dimensi ona l

encounter frequencies.

9



INPUT

All data input for P10135 and M0T246 are p rov i ded on di g ital computer

cards . The same data deck form is utilized for both computer programs .

Ship geometry and particular operating conditions must be specified .

FORTRAN va ri abl e names , definitions and card formats for the input are

l i s ted  in Appendix 0.  More de ta i led  d iscuss ion of some input requirements
and options are g iven below and in a sect ion on output

G RA W
The input variable GRAV is used to indicate the length units used in

the input. GRAV is the gravi tat ional  accelerat ion . If 9.807 is g iven
then it is assumed in the program tha t all input with length dimensions

are being g iven in meters; i f  32 . 174  or O. a re g iven i t  is assumed that
feet are the units used. All data must be given in the same units.

NOW

For irregular sea calculations in M0T35, NOW shou ld be g i ven a non-zero

value . This option should be used onl y if al l length units in the input

are g i ven in feet (that is , when GRAV = 0. or GRAV = 32.174).

WANG ( I )
When any of the wave heading ang les (denoted WANG (I )) is less than

90 degrees certain restrictions are placed on program input. (Note that

WANG ( I) = 180 degrees for head seas) .  In th is case JA must be defined as
2, IND as 0. The va l ues of WANG (1) must be given in ascending order.

OMEN ( I )
The va l ues for non-dimensiona l frequency are defined in the p rogram

d i f fe ren t ly , depending on the va lues of the wave heading ang le. For a l l
values of WANG (I) less than 90 degrees , motion calculations are made for

non-dimensional encounter frequency values based on the inpu t (using RWS(l ,I , l )
and RWS(2 ,J ,l). For other va l ues of WANG (I) the calculations are made for

al l  va lues of OMEN (I) ~4h i ch are defined by w/[7~ where w is the encounter

frequency in radians per second , I is the ship length given by the input

EL and g is the gravitation al acceleration . The technique used for calculations

for the heading angle less than 90 degrees is discussed in Appendix C

10



NLOOP

For the heave , p itch and roll motions for twin-hulls and for the roll

mot i on for mono-hulls , the effects of nonlinear viscous damp ing should be

included In the computation . Although the computation is performed with

the method of equivalent linearization of the nonlinear damp ing coefficien ts ,

it requires prior knowledge of the motion amplitudes. Hence , the computation

is carried out iteratively, with the first amplitude of motion obtained with-

out the nonlinear damp ing, until a reasonable convergence of the motion

amp litude is obtained.

NLOOP is the maximum numbe r of such iterations to be used in Program

PGM2B. NLOOP may be defined as 0 if inclusion of the nonlinear damp ing is

deemed unnecessary . The iteration continues until the value of the maximum

roll motion (in P101246) or the maximum heave motion (in P10135) converges

with an absolute error for the last two values of less than lO~ or until

the iteration has been repeated NLOOP times.

The iterative techni que is not used if the heave amplitude divided by

wave amplitude is less than 0.9 or the maximum roll amplitude divided by

wave amplitude and multiplied by one-half of the centerline to centerline

distance for twin-hulls or one-half beam for mono-hulls is less than 0.8.

If these magnitudes are too small or the convergence criteria is not met

within NLOOP iterations , appropriate diagnostic statements are printed

and norma l calculation continues . The program user should check for such

diagnostics .

x ( I ,J) , v ( I , j )
Severa l variables are used to describe the hull shape . Data should

be given for about twenty stations which span the length of the ship at

regular (not necessaril y even) intervals , starting at the bow. The number

of stations to be described ir denoted by NOS . The station number to be

associated with 1th set of offsets is denoted by ST(I). Note that the

distance between the Station N umbers 0 and 20 is assumed to equa l the

va l ue given by EL wh i ch can be any length with in the overall length of

the ship. All station s are spaced according to th is scale. Values of

11



ST(I) can be negative or greater than 20, in wh i ch case the stations should

be selec ted in pa i rs of even intervals. The va l ue of ST(I) — 10.0 (i.e. ,

the stat i on located at the middle of EL) should always be included.

The variable MPS (I) indicates whethe r the 1
th s tat ion descr i bed is

par t of a parallel body section . A va l ue of 0 indicat es that the station

is not part of a parallel section ; I and 2 indicate that the station is ,

res pec t ively , the first or one of the subsequent stations (including the

las t one) in the parallel section . All offset data must be g iven for

s tat ions i n a paral lel  sec t ion and s ta ti ons mus t be dis t r ib uted alo ng the
parallel section . However , for the stations having MPS(I) 2, the sectional

added mass and damping computations will not be repeated but will be replaced

by the va l ues obtained at the first station of the parallel body . If a shi p

has a subs tant ial paral lel  m iddle body, the foregoing scheme would save
considerably in the computational time and cost.

The variable NM (1) indicates the numbe r of pairs of x and y coordinates

tha t will be used to describe the 1
th station . This va l ue may be 0 for the bow

or s tern.
The x and y coordinates are defined using the arrays X(I ,J) and v(I ,j),

res pec ti vel y. Each cross section is approximated by a polygon wi th corners

defined by these x and y va l ues. These coordinates should be evenly dis-

tributed since pressures are assumed to be constant over a linear segment

between the nei ghbor ing points. A set of va l ues of x for the 1
th 

station

are given first and then followed by a set of the corresponding va l ues of y

for that station . This is repeated for each station for which NM(I) is

greater than 0. The ori g in of the x-y coordinate system is at the point of

maximum draft of all stations at the longitudinal centerplane of one hull.

Fi gure 2 indicates the coordinate system and the order data should be g i ven

i n for each of the four types of hull configurations , with the appropriate

val ue of MONO ind i cated. Also indicated are the coordinate po i nts wh i ch

must be included.

For the hydrodynami c computat ions , the ori gin of the coordinate system

at each cross section is shifted to the midpoint of the overall beam of the

cross sect i on (of two hulls) at the calm waterline .

12
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OUTPUT

The program user specifies what output is desired . Sample i nput

data and the resulting computer output are g i ven in Appendix E. The

printed output from both P40135 and P401246 includes a listing of the

in put data, a table of principal characteristics of the ship and motion

results. Additiona l outpu t may be requested. The three inpu t variables

IG , IP and IND control the optional output.

IG

The control variable Ic determines what frequency-dependent hydrodynamic

var iables are printed. The factors used to non-dimens ionalize these

var iables are g iven in Table I. If IG = 0 only motion calculations are

printed. The amplitudes and phases for heave and pitch (P10135) and sway,

roll and yaw (P401246) are given . In addition , absol ute vertica l (P10135)

or lateral (M0T246) motion veloc i ty and acceleration calculations are g iven

at specif ied station l ocations (RBMST (I)) and heig h t (RBMHT(I) for P101246

only.) Relative vertica l motion with respect to the wave surface is also

calc ulated in P10135. If Ic is given the va l ue of 1 , amplitudes and phases

for wave exc i t i ng forces and moment s a re also give n. When IG is 2 the added

mass and damp ing coeff ic ie nt s are g iven in addition to the information

printed with IG 1 . Also , wi th IG = 2, intermediate as well as final results

are g i ven for the added mass and damp ing coefficients. Labels are used to

indicate wh ich contributing terms have been included in the resul ts .  In

add it ion , the mot ion amplitudes and phases computed at each cycle of the
i terat ive calculat ions (NLOOP greater than 0) w i l l  be printed if IG is

defined as 3.

‘P

The input variables x (I ,J) and v( I,j ) wh ich are offse ts for cross-sections

of the hull can be plotted using the CDC Charactron plotting routine if IP
is defined as 1.
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TABLE 1

NON-DIMENS IONAL IZAT IQN FACTORS FOR
COMPUTER OUTPUT VARIAB LES

D I V I D I NG
VARIABLE FACTORS

A22 m

A24 m~
’

A26
A
33 m

A
35 m f

A44
A46
A53
A55
A
62 m~

2A64 ml

2A66

B22 mv’~7T
B24 mJ~7

B26
B

33 
m ,”~7T

B
35 

mI~T

B44 m fv”~7

B46 m1v’~7

853 mJ~1
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TABLE 1 (Cont’d)

NON-DIMENS I ONAL IZAT ION FACTORS FOR
COMPUTER OUTPUT VAR IABLES

DIVIDING
VARIABLE 

— 

FACTORS

me (g7

a66 mU~1

(e)
F
2 mgA

~
(e) pgA A
3 W

mqA

F~
e) 

mgA

C2 A

C 3 A

C4
B

C 5

C 2A6 T

where

A wa ve amplitude

wa terp l ane area

A u added mass coeffficlent

damp i ng coefficient

B beam for monohulland separation distance between the
centerplanes of twin -hull

16



wave exciting force or moment in the ith mode

g acceleration due to gravity

I~ waterplane area moment of inertia about the
y-axi S

shi p length g iven by EL

m disp laced mass of ship

C 1 
motion displacement in the ith mode

encounter frequency

17



I ND

The va lues of the motion amplitude s and phases can be transfered to

a tape if IND is defined as 1. When JA is defined as 1 , this option

wil l  facilita te use of a modified version of the program SMOT I ON which

is used for seakeep i ng calculations In irregular seas using Pierson-

Moskowitz and Station IND IA sea spectra . SMOT I ON is briefly discussed

and listed in Appendix F.
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APPENDIX A

PROGRAM LISTING OF M0T35
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OVERLAY (OVFILE .O~ O)PP~OGRA M MA IN ( INPUTs512,OUTPUT~ 512,TAPL~ 2 512,TAPE48z512,
X TAPE5=INPUT,TAPE6=OIJTPuT )

C
CUMMON/HP1/ NPAG .TITLE (8),PATT (1),RATIO
CUMMON/HP2/ ID,IG, IP, IND,IS I) ,ISTAPT ,JA ,J H,JC ,K,LP,MAX D,MONO,MS,

X NIX,NLOOP .NSD,NSO,NSTR,NUX
CUMMON/HP3/ NOS,NM (30) .8EAM (30) ,DRFT (30) ,AREA (30) ,MPS (30)

X AVBM (30),ST (30),IN (J0),SQAR(30),X (30,20),Y (30,2t.))
CUMMON/HP4/ NUT,NON,NOE,XS (20).Ys(20),XX (19),YY (19),L)EL (19),

X SNE(19),CSE (19)
CUMMON/HPS/ VOL,XIP,DST,PS1,BAM,DRT,AIR,AMP1,AMP2,OS (30),sS (30)
CLIMMON/HP6/ NOW,NOL,NSP,NST,WINK (5) ,SMLT (b).SPEEO (~~

) .ST AT(20)
CL.JMMON/HP7/ NFN,NFNS,FN(6),FNS (o)
CUMMON/HPR/ NBTA,NBTAS,NBTAT ,NBIAQ ,WANG (R),COSHET (3),SINRET (3)
CUMMON/HP9/ NFR,NFRS,OMEN (30) ,OMENS (30) ,OMIN ,UMAX ,DUME ,OWAX
CUMMON/HP1O/ XZFO,XZVL,XZHB,XZPH,KV ,Pcw
CUMMON/HP 1 1/ CHPDA,THKA,SPNA,FAL,XZFA ,CLFA,DEPA,FAY
CUMMON/HP12/ CHRDB, THKH,SPNA,FBL ,XZFI3,CLFH,DEPt3,FE~YCL)MMON/MPI3/ GRAVe DEPCAT ,SD (b),Rt~MST (1O )
CUM MON/I-1P14/ EL,GCB.GYR,RGY ,VCG,bRCL,F~W33,RP35,RM55
CUMMON/’-1P15/ A33(3O ),A35(4,3O),A~ 3(4~ 3O),A55(4,3O),C3SS~ C55S’X H33(4,3O,3),R35(4,30,3),H53(4,30,3),H55(4,3O,3)
CUMMON/i1P16/ AHP(30),DHP(4,30),AP (30),DP (4,30)
CUMMON/l-iPl7/ OMEGA,uN,PAH (19) ,PV~4 (1 9)
CUMMON/HP1M/ HLOG (19s19) ,YL0G(19~~19)CUMMON/HPI9/ I ASE(4),MIL(41,CWpl (4),CwR2(41,WFR(4,30,3),

X WN (4,30,3),SWR (4,30,3),RWS(4,30,3)
CUMMON/HP2O/ II,EFH (4,30,3) ,EMP(4,30,3) ,EMK (4,3O,3)
COMPLEX II,~.FH.LMP

C
C END OF COMMON DECK
C (MAKE ALL CHANGES At~3OVE THESE CAF~DS)
C

COMMON/ENDCUM/ENOCOM
C

DATA PATT/6HM0T35 ,6H HEA.6HVE ANU~(,H PITCH,6H MOTIO.5HNS OF
X bIIPAGE /
DA TA ISTART/O/
N~iT A S O
JL 0
GU TO 1001
CA LL FLAGSV
CALL PLOT DD

1001. CONTINUE
CA LL AETSKC (SLMUT3S)

t. Ni)
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OVLRLAY (1.O )
PROGRAM MOT35

C
C HRM — CATAMARAN VERSION OF ‘rFll FOP A RBI TRARY HEADINU
C OP FSETS MUST BE READ IN. TIlE X AXI S IS THE TRANVIRSE BASE LINE OF
C STATION 10. THE y AX IS IS THE VERTICAL CENTER LINE OF STATIO N 10.
C V IS POSITIVE UP AND X IS POSITIVE TO THE RIGHT .
C LOOKING FORWARD ON THE STARBOARD HULL AND STARTING AT THE BOW THE
C OP F SETS ARE READ IN COUNTER—CLOCK WISE A STATION AT A T1MF ,
C HULL SEPARATION DISTANCE MUST ALSO B~. GIVEN. IT IS IDENTIFIED AS
C SD (NSO ) WHERE NSD IS THE NUMBER OF HULL SEPARATIONS To BE RUN .
C THE HULL SEPARATION IS THE DISTANCE FROM THE CENTER LINE OF THE
C CATAMARAN TO THE CENTER LINE OF STATION 10.
C

CUMMON/HP1/ NPAG,TITLE (8),PATT (7J.RATIU
COMMON/HP2/ 1D,IG,IP,IND,ZSD.ISTAPT,JA,JB,JC,Pc,LP,MAXD,MONO ,MS,

X NI~~,NLOOP ,NSD,NSO,NSTR,NU*
CL)MMON/HP3/ N O S , N M ( 3 0 ) , B E A M ( 3 0 ) , D P F T ( 3 0 ) ,A P EA ( 3 0 ) , M R S ( J O ) ,

x A V B M ( 3 0 ) , S T ( 3 0 ) , I N ( i O ) , S U A R ( 3 0 ) , X ( 3 0 ,2 0 ) ,Y ( 3 0 , ? 0 )
COMMON/HP4/ N UT , N O N . N O E ,X S ( 2 0 ) . Y S ( 2 0 } , X X ( 19 ) . Y Y ( 19 ) . D E L ( ) 9 ) ,

X
CUMMON/PIP5/ VOL ,XIP,DST,PST,RAM ,DRT,AIP,AMP1,AMP2 ,DS (30) .SS(30)
CUMMON/HP6/ NOW,NOL,NSP,NST,WINr (5),sMLT (6),SPELD (~~),S1AT(?O )
CL)MMON/HP7/ NFN,NFNs.FN (6),FNS (~~)COMMON/HP8/ Nf3TA .NHTAS ,NBTAT,NBIAQ,WAN G B),COSHET 3),SINBET (3)
CUM MON/HP9/ NFR,NFRS,OMEN (30),OMENS (30) ,OMIN,UMAX, 00ME,OWAX
COMMON/ HP1O/ X ZFO ,X LVL ,XZ HB, A ZP B, KV, PS W
CUMMON/HP11/ CHRDA ,THPcA ,SPNA ,rAL ,XZ FA,CLFA ,DEPA ,FAY
COM MON/1P12/ CHROB, THKB,SPNB,FBL,XZF (~,CLFR,DEP~3,FbY
CUMMON/HP13/ GRAV ,DEPCAT,SD (6) ,PBMST (jO)
CUMMON/tlPl4/ EL,GCB,GYP,RGY , VCG,HRCL,RF33.RP3S,RM5S
CUMMON/HPIS/ A33 (30),A35 (4,30),A53(4,3O),A55 (4,30),C355,C55S,

X
CUMMON/HPI6/ AHP (30),1)HP(4,30),AP(30),I)P(4,30)
CUMMON/HPI7/ OMEGA ,UN,PAH (19).PVrI (19)
COMMON/HP1B/ BLUG (19,19),YLO (j(19,19)
COMMON/HP19/ KASE (4),MIL (4),CWR1 (4),CWR2 (4),WFR (4,30,3).

X WN(4,30,3),SWR(4,30,3),RWS (4,30,3)
CUMMON/HP2O/ II,EFH (4,30,3) ,EMP(4,30,3) , E M K ( 4 . 3 0 , 3 )
CO MPLEX II,LFH,EMP

C
C END OF COMMON DECK
C (MAKE ALL CHANGES ABOVE THESE CARI)S)
C

COMMON/ENDCOM/ENDCOM
C

DIMENSION YJK (20),YBG(30)
1 FuRMAT(8A 6)
2 FURMAT (1215)
3 FuRMATU3F1O,5)
4 FORMAT (4F9.4,219)
5 FORMAT ( 1h1 , 14A6 , IBX .A 6 , 14 / )
~ FORMAT(1HO,5X,54HSTATION 10.0 NOT GIVEN — READ INPUT DATA FOR NEXT
1 SHIP)
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7 FURMAT (4F10,5,215)
8 FURMAT(1H0,5X,23HCQMPUT (D FROUDE NUMB~.RS)9 FURMAT (/* DATA INPUT CARDS~/ 1OX ,~~1* ,9X,*2* ,9X,’3~ .9A ,~ 4.,9x,

~ •5~
,9X,.6~

,9x,e7’,9x,.s./1x,R(•123456789Oe))
40 FURMAT (8F9.4)
51 FU RMA ’T (1 X,BA6)
52 FUR MAT (1X,1215)
53 FURMAT(1X,8F10.5)
54 FURMAT (1X,4F9.4,219)
57 FORMAT (1X,4F10,5,2I5)

200 FORMAT( 1HO,I1)
3000 F ORMAT (12H1 END OF JOB)
335 FURMAT (30X,9IISTATION ,F9.4)
78 N(~Ati=0

IF(JC.EQ.2 •AND . NBTAS.GT,O) CALL AE TSKC (SLPGMIA )
IL) = 1

Rt.AD (5,1) (TITLEd ) ,1~~1,8)
READ(5,2) MONO,JA
If( JA.LE.O) GO TO 17
Rt.AD(5.3) SCAL~ .GRA V
PLAD (S,2 NFR,NBTA ,NFN,NSD,NS TR,NOS.~ LOOP, IG,LP, IND
RtAD (5~ 3) (OMEN(j ) , l= 1,NFP)
RLAD (5.3) (WANG (I),I=1,NBTA)
RtAD (5,3) (FN (I),1 1,NFN)
READ(5,3) (SD(I),I=1.NSD )
PLAD (5,3) (RBMST (I),I=1,NSTR)
Pt.AD(5.3) HTDUM
UMJ N=OMEN (1)
N (~T A T = MBT A
N~lT A S O
WANG (NBTAT .1)=777,
N~3TA0 O
DL) 17 1 1,NBTA
If (WANG (I).LT.90.) NBTAQ=NBTAO .1

1 7 CONTINUE
N~ RS=NFRDL) 18 I=1,NFP

18 OMENS (I) OMEN (I)
JC=1
I~ (NSTAQ .NE.O) JC=2

DO 19 I=1,NF N
19 F’4S (I)=FN(I)

NI~ NS NFN
KASE (1) 0
NRAG NPAG . 1
WRITE (6,5) (PATT (I),I=1,6), (TITLE (I) ,I=1,8) .PATT (7) ,NPA (i
W’(ITE (6,9)
WRITE(6,51) (TITLE (I) ,I=1,8)
wRITE (6,52) MONO,JA
WRITE (6,53) SCALE,GRAV
WRITE (6,S2) NFR,NBTA,NFN,NSD,NSTN,NOS,NLOOP,IG,LP,IND
WRITE (6,53) (OMEN(I)~~I~~1,NFR)WRITE (6,53) (WANG (I),I=1,NBTA)
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w~ ITE(6.53) (F P4 (I),I~~l,NF N)wRITE (6,53) (SD(I),1 1,NSD)
WRIT ((6,53) (RBMST (I).I~~1,NSTR)
wRITE (6,53) HTOUM
IP~ (SCAL E.L E.O. SCALE —i .
II. (GR A V.L E.O.)  GRAV 32.174
IF (NSO.GE.1) GO 10 79
NSO I
SU( l )* O.

79 IF(JC.NE.2) GO TO 43
IF (JA .NE.2) GO TO 43
IF(NFN .GE,1) GO 10 144

FN (1) ~0.0
GO TO 43

144 CONTINUE
C
C FOLLOWING OP QUARTERING SEA CASE
C
C REAJ IN BOUNDS FOR RWS AND DELTA PWS
C (R~ S IS REAL WAVE LENGTH / LENGTH OF SHIP)
C
C STORE BOUNDS IN RWS(1.N,1) N=j’NR
C INCREMENTS PWS(2,N,1) N=1 ’NB—I
C NUMBER OF BOUNDS IN PWS (3,1’l)
C
C BOUNDS Mo ST BE IN ASCENDING ORDER FROM MINIMUM TO MAXIMUM
C

Rt. .,J (5 ,3 )  (RWS (1,N,i) ,N 1,8)
R~.AD(5,3) (RWS (2,N,1) .N 1,8)
Rt.AD (5 ,3)  OMIN ,OMAX, 00 ME

C
N d 0
DO 301 1 1,8
J~ (RWS(1,I,1).LE.O.O ) GO TO 302N~i NB.1

301 CONTINUE
302 CONTINUE

P.~S (3,1,1) N8
C

WRITE (6,3) (PWS (i,N,1),N=1,NB)
N~~ NB—1
WRITE (6,3) (PW5 (2,N,1),N 1,NB)
W”UTE (6.3) OMINeOMAX ,1)OME

C
43 Rt.AD (5,3) EL,GYR,GYRT,GCB,VCG,GMT,DEPCAT,BRCL

Pt~.AD (5,3) FAL,FAY ,DEPA ,CHRDA ,SPNA,THKA ,CLFA ,XZFA
READ (5.3) FBL,F8y,OEPA,CHROB.SPN~ ,THK8,CLFb,XZFBRt.AL) (5.7) XZFO,XZVL,XZHS ,XZPB,KV,Pc W
Pt~AD(5,4) (ST (I),REA M (j),DRFT (I) ,AREA (I) ,NM (I),MPS (I) .1 1,NOS)
W~ I1E (6,53) EL,GYR,GYRT,GCB,VCG,UMT,DEPCAT,8RCL
WMITE(6,53) FAL,FAY ,OEPA ,CIlRL)A ,~~ NA,l MKA ,CLFA ,XZFA
W RITE (6,53) FRL,FBY,DEPB,CHROR ,SPNB,THKB.CLFB,XZFB
WRITE (6.57) XZFO,XZVL,XZHR,XLPB,’cV,,cw
WRITE(6,54) (ST(I) ,EIEAM (I),ORFT (1),AREA (I) ,NM(I),MPS (I) ,I=1,NOS)
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R(iY.GYR
M S O
00 30 1 1.NOS
IF (ST ( I ) .NE.10 ,)  GO 10 30
M S I
60 10 3 1

30 CONTINUE
M S O

31 NIX.NM( i )
00 10 I=2 ,NUS
IF (N IX.GE .NM (I)) GO TO 10
NIX NM (I)

10 CONTINUE
IN(1 ) 5 IA B S ( N M ( 1 ) )
NUX ZN(1)
00 20 I=2,NOS
1 1 ( 1 )  *1485 (NM ( I)
IF (NuX .GE.INU~~ GO TO 20
NUX=IN (I)

20 CONTINUE
DO 21 I=1,NOS
BLA M (I) BEAM(I)*SCALE

21 DRFT(I) DRFT (I)*SCALE
IP (NUX.LE.0) GO TO 13
NP’A(i=NPAG. I
WRITE (6.5) (P411(I) ,I*1,6) , (TITLE (I) ‘1=1,8) .PATT (7) .NPAG
XIM=O
DO 11 I=1,NOS
YBG (I)=O .
IF(IN (I).LE.0) GO TO 11
LtE 3
NUT IN (1)
If(NUT.LE.8) GO 10 14
Lt.E=5

14 KIM IcIM.LEE
II (KIM .LE.50) GO TO 15
KI M LEE
N~ AG NPAG. 1
WRITE (6,~,) (PATT (J),J=1,6 ),(TITLL (J),J=1,8),PATT (7),NPAG

15 W RI T E ( 6 , 335 )  S T ( I )
Rt AO ( 5 ,4 0 )  ( X ( I .J ) ,J 1,NUT )
Rt.AD (5,40) (Y(1,J),J31,NUT)
W R I T E ( 6 ,4 0 )  ( X ( I ,J ) .J* 1,NUT)
WRITE (6,40) (Y (I.J),J—1,NUT )
Do 165 J=1,NUT
X CI  ,J) X ( I ,J ) ~SCA LE
V ( I ,J ) Y C I,J )  ~SCALE

165 YJK (J) Y (I,J)
YL GS*X MAX (NUT , YJ K )
YSML XM IN (NUT,YJ Ic )
DNFT (I) =YLGS—VSML
YBG ( I) YLGS

11 CONTINUE
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13 IP (SCALE.EQ.1.) GO 10 23
EL*EL~ SC ALEVCG*VCG .SCALE
GMT* GM T * SC ALE
D~.PCAT-OEPCAT~SCALERRCL 8 RCL * SC ALE
00 22 I=1,NSD

22 SU (I)ZSO (I)*SCALE
23 Pt.AD (5,2) NOW,NQL,NSP,NST

IF(NOw.LE.O) GO TO 75
RtAD (5,3) (WINK (I),I=),NOw)
READ(S.)) (SHL1(I),1 ),NOL )
Rt.AD(5,3) (SPEED (I),1~~I,NSP)Rt.AD(5,3) (STAT (I).1 1,NST )
WRITE (6,3 (WINK (I).1=1,NOW )
WRITE (6,3) (SMLT (I),I=1,NOL )
WRITE (6,3) (SPEED (I),I=1,NSP )
WRITE (6,3) (STAT (I).I=1.NSI)
NFN~NOL*NSPI& ( NFN.GT . 4 .OR. j B,EQ.3 ,OR . JA.NE,1) GO TO 77
Ow AX = OMA X
WRITE (6,8)
J J= 0
FACT= 1 .688
IV (GRAV.LT .32.) FACT = .3048* FACT
01) 150 L=1.NOL
DO 150 M 1,NSP
JJ=JJ+ 1

150 FN (JJ) FACT*SPEEO (M)/SQRT (GRAV*SHLI (L))
W’ ITE (6,3) (FN (JJ),JJ=j,NFN)

75 I~ (MS. NE.O) GO TO 69
WR ITE (6.6)
Go TO 78

69 OOM=XMAX (NOS,VBG )
DO 16 I=1 NUS
NU1 IN (I)
D (NUT.LE.O ) GO TO 16
00 12 J=1.NUT

12 V (I .J) Y (I .J) —DUM
16 CONT INUE

CALL AETS KC (4LPGM1)
77 I~ (LP.LE.O .AND. IP .LE.0 GO TO 80

~NDFILE 48
LNDFILE 48
REW IND 48

MO I~~
( INO.EU.O) GO TO 777

I 777
WRITE (22) 1,1,1
E~ UFILE 22
RtWIND 22

777 WRITE (6,3000)
E ~O
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FUNCT ION X NZ N( N,X )
DiMENSION X (30~
*~ IN2*(1)
IP (N.LE.i) GO TO 4
00 2 ~*2,N
1~~(X M 1N.LT .X( K))  GO TO 2
X 4 1 N*X ( K )

2 CJNT INUE
4 Rt.TURP4

E ~D

FUNCT ION X MAX ( N ,X )
DIMENS ION X ( 30 )

1 X MAX X ( l )
II (N.LE.1) GO 10 4
DO 2 K 2,N
1~ (XM4X XO~? )3,2.2

3 XMAX X (~~
)

2 CONTINUE
4 Rt.TURN
E ‘it)

FUNCTION SIMPUN(X,Y,N)
DiMENSION X (SO)~ 

Y (S0)

50.
N’4 M— I
Do 1 j=1,NN

i S  S.(X(J.I) ~X (J))*(Y (J)4Y (J’1)) °.”
SIMPUN S
R I URN
E ‘iD
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OVERLAY (2,0)
PROGRAM P6141

C
COMMON/MP1/ NPAG,TITLE (8),PATI (7),RATIO
CUMMON/MP2/ ID,IG,IP,IND,ISD,ISTAPT*JA,JB ,JC,K,LP,MAXD,MONO q MS,

X NIX,PiLOOP,NSD,NSO,NSTR,NUZ
CUMMON/MP3/ NOS,tiM (30),BEA14(30),DPFT (30),AREA (30),MPS (30),

x AVBM(30),SI (30),IN (JO),SQAR (30),X(30,201’,Y (3O,20)
CUMNON/HP4/ N (JT,NON,NOE,XS (20),Y5 (20),XX (19),yy (19),OEL (19),

X
CUMMON/MPS/ VOL,XIP,DSI,PST,BAM,DPT,AIR,AMP1,AMP2,DS(30),SS (30)
CUMMON/MP6/ NOW,NQL,NSP,MST,WINK(5),S$ILT (6),SPEED (6),STAT (21fl
COMMON/MPh NFN,NFNS,FN (6) ,fNS (6)
COMMON/MP8/ NBTA ,NBTAS,NRTAT ,NBTAQ,WANG (8).COS8ET (3),SINRET (3)
CUMMON/MP9/ NFR,NFRS,QMEN()O),OMENS (3O) .OMIN .UMAX ,00ME,OWAX
CUMMON/HPIO/ XZFO.XZVL,XZPIB,XZPIo,Kv,Ic W
COMMON/HP11/ CHRDA,THKA ,SPNA,FAL ,XZFA ,CLF A ,DEPA,FAY
COMMON/HP12/ CHRDR, THKB,SPNA,FBL,XZFB,CLFR,DEPB.FBY
CUMMON/HP13/ GRAV ,D E PCAT ,S D( b ) ,R8M S T ( 1O )
COMMON/HP14/ EL.GCB .GYR.RGY, VCG,BRCL,RF33,RP35,R1455
CUMMON/HP1S/ A33 (30),A35(4,30),A53(4,30),A55(4,30),C35S,CSSS,

x H33 (4 ,30 . 3 ) , 835 (4 .30 ,3 ) , H53 (4 .30 ,3 ) , B5S (4 ,30 ,3 )
CUMMON/MP16/ AHP(30),DHP(4,30),AP(30),OP(4,30)
CUMMON/i-1P17/ OMEGA ,0t4,PAI4(I9),PVHCI9)
CUMMON/HP18/ BLOG (19,19),YLOG (19.19)
CUMMON/HP19/ ,cASE (4),MIL (4),CWRI (4),CWR2(4),WFk (4,30.3),

X WN (4,30,3),SWR (4,30,3),RWS (4,3O,3)
COMMON/HP20/ II,EFH (4.30.3),EMP (4,30,3),EMK(4,3O,3)
COMPLEX II,LFH,EMP

C
C END OF COMMON DECK
C ( MAKE ALL CHANG ES ABOVE THE SE CARDS )
C

COMHON/ENDCOM/ENDCOM
C -

DIMENSION 545(30) .SM8 (30) ,HSB(30) ,xI (20) ,V1 (20)
DIMENSION FJ (3O),VCBS (30)

1 FORMAT (1HO ,7X, *LENGTH BETWEEN PERPENDICULARS = *,F10.5,1x,A6)
2 F U R MAT ( ? ~2X , *BEAM AT MIDSHIP e,flO .5,1X,46)
3 FORMAT (21X ,°DR AFT AT MIDSHIP =

4 FOR MAT (25x , I 5HQISPLACEMENT = FIO.3,1UH LONG TONS)
5 FoRMAT (IHi ,1446,)BX,A6,14/)
6 FORMAT (20X,20h13LOCK COEFFICIENT = F10.5)
7 FORMAT (6X ,~ LONGITUDINAL CENTER O~ BUOYANCY *,F1O.5.1X,A6,1X ,

X •AFT OF F.P .~~
)

8 FORMAT (6X,34PILONGITUD !NAL CENTER OF 8UOVANCY F1O.5,~ H STATIONS)
9 FORMAI (5X,*LONGITCJDINAL CENTER O~ FLOTATI ON = *,F1O .S,IX,A6,

X * AFT OF F .P,~~)
10 FORMAT (5X,35HL.ONGITUOINAL CENTER OF FLOTATION = F1O.S,9H STATIONS )
11 FUR MAT (IOX .*VERT ICAL CENTER OF BUOYANCY = •,F 1O .5,1X .A6.

x * FROM THE DESIGNED LOAD WATERLINE*)
11 FU PMAI (12X,2RHRADIUS OF GYRATION/L.B .P. = F1O,5)
12 FURMAI(44H0 STATION BEAM URAF T AREA COEFFICIENT )
13 FURMAT(4F9.4)
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14 FUR NA T (6X ,1OH STAT IQN * F9.4 ,6X ,3OHARLA COEFFICIENT CHANGED FROM FL
1O.4 ,2X ,2 MT0,2X ,F 10.4)

15 FURMAT (lH0)
69 FORMA T(1 3X ,27HGIVEN CENTER OF BUOYANCY = FLO .5,9H STATION S )
90 FURMAT (3F9.4,E15.8)
92 F URMAT( 1HO ,5X ,3OHMIN IMUM CRITICAL ENC . FREO. i F8.4 .I6H DUE TO STA

1TI ON F7.4)
206 FURMAT ( 1MO ,30* ,23 H*** DAT A FOR ONE HULL*e*)
300 FURI4AT (21X,13HBEAM/DRAFT = F10 ,5)
301 F ORMAT (26X,14IILENGTH/REAM F1O.5)
66 FURP4AT (1H0,SX,41HTHE HEAVE—HEAVE RESTORING CO EFFICIENT IS F10.5/6X
),41MTHE HEAVE—PITCH RESTORING COEFFICIENT IS F!0.S/6X,4IHTHE PITCH
?—RITCM RESTORING COEFFICIENT IS F1O.~~)193 FURMAT (6X ,32HCRITICAL ENC. FREQ . FOR STATION ,F7 •4,3H = FR.4)
U’IITS 6HFEET
I~~(GR AV.LT.32.) UNITS=614METERS
FST EL/20.
DO 16 K 1,NOS
I~~( IN( K) .GT .0)  GO TO 17
SO AR (Ps ) =AR EA (K) BEAM (K) *DRFT (K)
VCBS (K) =0.
GO TO 20

17 NUT IN( K)
VCbS (K)~~~.vCBA=O.
VLBB=O.
DL) 18 J=1,NUT
VI (J)=Y (K,j)

18 XL (J)=X (K,J) • SO (1)
YSML XHIN (NUT ,YI )
DO 190 IJI~~~,NUT
N”~N IJI
If (YSML.EO. iI(IJ1 )) GO TO 191

190 CONTINUE
191 IJI NNN

If (MONO .GT. 1) GO 10 199
IJ=IJI— 1
00 122 j=1,IJ

122 V CBA V C B A ,A BS ( (X ( K ,J ) .X ( K ,J . 1 ) ) * (Y ( K ,J ) * * 2 _ Y ( K ,J . 1 ) * * 2 )  ) * O .~ 5
SOER SIMPUN (YI,XI ,IJI)
SOER ABS (SOEP)
00 195 JJJ IJI,NUT
I~ (JJJ.EU. NUT) GO TO 127
V C B B =V C B B ,A BS ( (X ( K ,J J J ) .X ( K ,J J J . 1) ) * (Y ( K ,J J J ) * * 2_Y (K ,JJJ , 1) .*2 ) ) *

‘0.25
127 CONTINUE

KKK=JJJ—I JI .1
XI (KKK):XI (JJJ)

195 YI (KKK) Y1(JJJ)
SOER2=SIMPUN (VI iX I ,KKK)
I~’ (MO NO—1)56,57,19956 SOAR (K) ABS ( SOER2) —SUER
VCBS(K)=VCRS (K) .VCBB+VCBA
GO TO 55
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57 SQAR (K) SQER • SOER2
If (A(K,J) ,LE. 0. .AND. X (K,NUI) •LE. 0.) 60 TO 59
VCBS (K) VCBS (Ic) .VCBB.VCBA
GO TO 55

59 VCBS (K)=VCBS K) .VCSA—VCRB
GO TO 55

199 SUER S IM PUN(Y I ,X I ,NUT )
SOAR (K) 2 e ‘ABS ( SQER
NAT NUT— 1
DO 125 J i,NAI

125 VCBS (K) =VCBS(K).0.25e4BS((x(K,J).X (K,J.1))’(Y (Ic,J).’2—y (K,J•1)..
1 2 ) )
VCBS(K) 2.’VCBS(ic )

55 DO 196 J 1.NUT
VI (J)=Y (Pc,J)

196 X1 (J) X (K,J)
Bt.AM (K) ABS (XI (NUT )—XI(I))
IF (MONO .GT.1) AEAM (K) = 2.*AEA M K )
If(BEAM (K).NE.0.0 GO Tci 600
AREA (K) =SOAR(K ) /DRFT (K) “2
X (11,1) * (K.1 )—O.00 1
*1 (1) * (K,1)

GO TO 20
600 AREA(K)=SOAR(K )/(BEAM (K)*DRFT (K))

20 SS ( K ) = FST * ST Uc )
16 SAS(K)=SS (K)*SQAR (K)

KRK O
LSD O
If (NI X .GT.O) GO TO 21
DO 32 K=1,NOS
IF (NM(K).GT.0) GO TO 32
It ((8EAM (K).LE.0. .OR. DRFT (,c .LE.0..~ GO TO 3~AIR AR EA (K)
RAT =O. 5*t3 EAM (tc ) /DRF T ( K)
TAR 1 .0/RAT
I~ ( HAT ,L E.l.O) GO TO 33
8L 0.29456’ ( 2 .0—TAR )
Go TO 34

33 BL~ 0.29456’(2.O—RAT)
34 UL~ O.09B125’(RAT.TAR.1O.0)If (AREA (Iq.GT,BL GO TO 35

AREA ( K )  8L .0.000 1
GO TO 36

35 If (AREA (K).LT.UL ) GO TO 32
A R EA ( K )  =UL—0 • 0001

36 If (KPK .GT,0) GO TO 37
KRK=P (PK.1
NRA G NPAG, 1
W R IT E(6 .5 )  ( PA T I ( I )  ,t = 1,6 )  , (TITLEd!) ~I I,8) ,PATT(7) ,NRAG
WRITE (6, iS)

37 WRITE (6,i4)ST (K),AIR,AREA (Ic )
LSL)LSO• 1
SOAR (K ) AREA (K *BEAM(K *DRF T (K)
SAS (K) =SS (K) *SQAR(K)

32 CONTINUE
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21 D (NUX.LE.O) GO TO 25
If (KPK .GT.0) GO TO 93
NPAG NPAG. 1
WRITE (6,5) (PATT (I),I=I,6),(TITLL (I),I=1,8),PAT1 (7),NPA (,

93 WN1TE (6,12)
DL) 22 K 1,NOS
I~~(IN (K).LE.0) GO TO 22
LSD LSO. 1
If(AREA(K).LI.1000.0) GO TO 91
WRITE (6~ 90) ST (K) ,BEAM (K) ,DRF T (K) ,AREA (K)GO TO 22

91 wRITE (6,13)ST (K) ,BEAM (K) ,DRFT (K) ,AREA (K )
22 CONTINUE

IP(NIX .LE.0) GO TO 25
Ox= 100.0
I~ (LSD.LT,23) GO TO 201
NPAG NPAG .1
w R IT E ( 6 ,5 )  (P411(I) ,I 1,6), (TITLEd! ) ‘1 1,8) ,PATT(7) ,NPAL

201 WRITE (6,15)
DO 23 K= 1,NOS
I~~(N M (pc).LE.0) GO 10 23
IF ( f4 EA M(K )  •NE , 0.0) GO 10 601
P- J(K) = 0.0
bO TO 602

601 CONTINUE
A=3. 14 15927’DRFT ( K ) / B E A M ( K)
A=A /TANH (A )
FJ(M =SORT (A*EL/ORFT CI~))

602 LONTINUE
I~ (FJ(K).GT .OX) GO TO 233
OX FJ (K)
JUHN=K

233 W~~I1E (6,l93)ST (K),FJ (K)
23 CONTINUE

W-~1TE 
(6,92)OX,ST (JOHN)

25 CONTINUE
30 VOL=SIMPUN (SS,SQAR,NOS)

IF (BEA M(MS) .EO.0.0) GO 10 703
RLO CK VOL/ (EL’BEAM (145) *DRF T (MS))
(jO TO 704

703 RLOCK O.O
704 CONTINUE

VLB SIMPUN (SSeVCBS,NOS) /VOL
ROY=SIMPUN (55,SAS,NO5)/VOL
GYR R(iY’°2
CHL=BOY/FST
If (GCB.LE.0.0) GO TO 68
FIUY=FSI*GCR

68 DO 19 K=i,NOS
S’lB (K)= (SS (K)—BOY )’BEAM (K)

19 HSb(K)= (SS (K)—ROY)*SHR(K)
A MP1=SIMPUN (SS,F3EAM,NOS) /EL*’2
4MP2=SIMPUN (SS,HSB,NOS) /EL”4
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Rf 33=EL’*3’AMP1/VOL
PMSS EL•*3*AMP2/VOL — ABS (VCB.vCG) /EL
RR3S SIMPUN (SS.SHB,NOS) /VOL
Cf L=o3OY.EL*RP35/RF33
F LC*CFL/F ST
PST=FST*CBL
FACI=35.89744
If (GRAV.LT.32.) FACTZ .02832*FACT
VOL= VOL/F ACT
NRAG NPAG. 1
WRITE (6,5) (PATTI!) ,I=1,6), (TITLL (I).1 1,8),PATT(7),NPA (.,
WRITE (6,206 )
WRITE (6,1) EL,UNITS
WRITE (6,2) BEAM(MS),UNITS
WRITE (6,3) DRFT (M5),UNITS
WRITE (6 .4) VOL
VOL=VOL*FAC T/EL”3
WRITE (6,6)BLOCK
wRITE (6,7) P5~ ,UNjTS
WRiTE (6.8) CBL
IF(GCB.LE.O.0 GO TO 67
WRI rE (6.69)GCM
PST=FST*GCB

67 W~~1TE (6.9) CFL,UNITS
wRITE (6, IO)FLC
WRITE (6,L11 ) VCR.UNITS
w~’I TE (6,11) RGY
MUR BEAM (MS)/DRFT (MS)
W~ ITE (6,3OO)BDR
II-(BEAM(MS).EQ.0.0) GO TO 700
ELBR=EL/BEAM (MS)
GU TO 701

700 ELBR=O .O
701 CONTINUE

WRITE (6, 301) ELBR
WRITE (6,66) RF33,pP35.RM55
DO 31 K=j,NO5
S’(K) S5 (K)/EL
SOAR(K)=SQAR (K)/EL”2
Ht~AM (K )=BEAM (K ) /EL
DRFT ( K )  DPFT ( K )  /EL
I~~(NM(K).LE.O) GO TO 31
NIJT IN (K)
00 24 J=1,NUT

24 Y (K,J) Y(K,J)/EL
31 CONTINUE

PST=PST/EL.
FA L=FAL/EL
F IL=FBL/EL
FAY=FAY /EL
F~ V=FBY/ELCALL NILS (NOS,MS,ST,DS,JFK)
IP (JFK .GT.O) GO TO 76
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10=—i
61) TO 77

76 I~ (OMIN,LE.0 .0.OR .JA .EQ.3) GO TO 77
C
C TRA NSFER TO LOOP TO CALL P6142 AND P °143
C

CALL AETSKC (5LPGM1A )
C
77 CONTINUE

If (ID.EU.2 .OR . ID.EO.— 1) CALL AETSKC (SLMOT3S)
CALL AETSKC (4LP6144)
E ‘~1)



OVER LAY (3.0)
PROGRAM PGMI8

C
C

COMMON/f4Pi/ NPAG,TIILE (84 ,PATT (7) ,RAT IO
CUMMON/HP2/ ID,IG,IP,IND,ISO,ISTAWT ,JA,JR ,JC,K,LP,MAXD,MOfiO,MS,

X NI*,NLOQP,NSD,NSO,NSTR,NCJX
COMMON/HP3/ NOS,PiM (30) ,BEAP4 (30) .DRF T (30) ,AREA (30) ,MPS(30),

X AVBM (30),ST (30),IN(30),SUAP (30),X (30,20),Y (30,?O)
CUMMON/MP4/ NUT,NON,NOE,X5 (20),YS (20),XX (19),YY (19),OEL (J9p,

X SNE (19),CSE(19)
COMMON/HPS/ VOL ,XIP,DST,P5T,BAM,DPT,A IR,AMP1,AMP~ ,DS (30),SS (3OCUMMON/HP6/ NOW,NOL,NSP,N5T,WINK (5),SHLT (6),SPEED (6),STAT (2Q)
COMMON/HP7/ NFN,NFNS.FN (6) ,FNS(6)
COMMON/HPR/ NBTA,NBTAS .NBTAT,NBTAQ,WANG( 8),COSBET (3),SINRET (3)
COMMON/P1P9/ NFP,NFRS,OMEN (30),OMENS (30) ,OMIN,OMAX ,DUME,OWAX
CUMMON/HPLO/ XZFO,XLVL,XZHB,XZPB,IcV,KW
CUMMON/HPII/ CNRDA ,THKA,SPNA,FAL,XZFA,CLFA,DEP#,FAY
COMMON/HPI2/ CHROR, TMKB,SPNB,FBL,XZFB,CLFB,DEPB,FBY
COMMON/HP13/ GPAv,QEPCAT,SO (6),PBMST (10)
CUMMOt4/HPL4/ EL,GCB .GYR,RGY ,VCG,BPCL,RF33,RP35,RM5S
CUMMON/HPIS/ 433(30),A35(4,30),A53(4.30),A55(4,30),C35S.C55S,

x 833(4,30,3),f335(4,30,3),853(4.30,3),8S5(4,30,3)
COMMON/HP1Ô/ AHP (30),DHP(4,30),AP(30),DP(4,30)
COMMON/HP17/ OMEGA .UN,PAH(19) ,PVII (19)
CUMMON/HPIM/ BLOG(19,19),YLOG (19,19)
COMMON/HPI9/ KASE (4),M[L (4),CWRI (4),CWR2d4),WFP(4,30,3),

X WN (4,30,3),SWR(4,30.3),RWS(4.30,3)
COMMON/HP2O/ tI.EFH (4,30,3) ,EMP (4,30,3) ,Lt4K(4,3O,3)
CUMPLEX II,EFM,EMP

C
C END OF COMMON DECK
C (MA,c E ALL CHANGES ABOVE THESE CAR DS )
C

COMMON/ENDCUM/ENDCOM
C

CUN 1 .688
If (GRAV .LT.32.) CON= .3048*CON
CUN SQRT (GRAV*EL) ICON
FACT =SURT (URAV/EL )
F~ RD=O.O 17453293
R~~L)=BEAM (MS )  ‘EL
DO 205 ISO=1,NSD
HHS 2.0*(S0 (ISD) ) -BSI)
I~~(8SD .LE. 1.E—07) GO TO 88
RA T IO=HHS/BSD
GO TO 87

88 PATIO HHS
87 j f  (MONO .GE. 1) RA T IO O.

SO C ISO) =S0 C ISD) /EL
If (IS O.GT. 1) FAY=FAY. SO(ISO )—S D (ISD—1)
II~ (ISD.GT.1) FB Y=FBY .SO (ISD)—SD (ISD—I)
CMLL AETS KC (SLQPGM2)
If (ID.GT.1) GO TO 77
CALL AETSKC (6LQPGM2B)
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IF (ID.GT.1) GO TO 77
CALL AET SKC (5LQPGM3)
IF (NO W.GT .0) GO TO 77

5 FORMAT (1 H1,14A6,18X,A6, 14/)
172 FORMAT (5 X ,’RELATIVE AND ABSOLUT E DISPLACEMENT, VELOCITY , A PIr.,

x • A CCELERATION AT  S T A T I O N  ‘.FS. l )
173 F O R M A T ( 3 X , ’SPEEO =‘,F5.l , ’ KNO TS’)
175 F O R M A T ( 3 X , ’ENC PER(SEC) ’,~~X , ’RE t. DISPL’ ,~~X , ’A8 S OISPL ’ ,12X ,

X ‘V EL’ , 8X , ’ACC EL/G ’ ,TX ,’ W A V E  L/L ’)
177 FORMAT (5 X,F10.2,4(7X,F8,3),5X,Fj0.k)
171 FORMA T (3x ,’WAVE HEADING =‘,F6.2,’ DEGREES’,)

DO 150 KI=1,NSTR
RBMSTKZR BMST (KI ~
LINES:3
NPAG= NPA G+1
WRITE (6,5) ( P A T T ( I ) , I = 1 , 6 ) , ( T I T L E ( I ) , I a j , 8 ) ,P A T T ( 7 ) , N P A G
WRITE (6, 172) R9MSTK
ARM=EL’ ( PST— .05’RB MSTK)
00 160 MM=1,N8TA
COSB COS BET (MM )
00 160 JJ=1,NFN
LMT=MhL ( JJ)
IF (LPIT.LE .0) GO 10 160
LI NES=LI NES4LMT+I.
IF (LINES.LE.60) GO TO 140
LINES 3
NPAG=NPA G+1
WRITE (6,5)
WRITE (6, 172) RBMSTK

11.0 SPIO=FN (JJ)’CON
WRITE (6,173) SPID
WRITE (6,171) WA NG (MM )
WRITE (6, 175)
00 170 N 1,LMT
WAVEN=FA CT’ WFR (JJ,N, MM)
WAVE N=CO SB’ WAVE N’WAVEN/ GRAV
HEAVE = REAL(EFH (JJ,N ,PlIl))
DELTA = FARO’AIMA G (EFH (JJ ,N,MPl ) )
PITCH = REAL (EMP (JJ,I1,MM) )’2./EL
EPSIL = FARO’AIMAG (EMP (JJ,N,MM ) )
ABMA=HEAVE ’COS (QELTA )—ARPI’ PITCN’COS (EPSIL)
ABM 8=HEAVE*SIN (DELTA )—ARM*PITCH ’SIN (EPSIL )
A 8MO=SORT (ABMA ’’2 • A BPII3”2)
RL MA= AB M A —C OS (A RM ’WAVEN )
RLM 8 ABPI B • SIN (ARM ’WAVEN )
RL MO=SQRT (RLMA’’ 2 • RLMB”2)
OMEGAE O MEN (N) ‘FACT
ENCP= 6.2 631653/OMEGAE
VEL= O MEG AE ’ ABMO
ACCEL=OM EGAE ’VEL /GRAV

170 WRITE (6,1??) ENCP,RLP4O, A 8MO ,VEL ,A CCEL ,RW S (JJ ,f~,M v I
160 CONTI NUE
150 CONTI NUE

34



I
7? CP~4TI NUE

I~~(IN 0.LE.0) GO TO 7~DO ~i JJ 1,NFN
JO ~1 Nzl,MFR
00 ei. PIM=j,N8TA

~ 1 EMP (JJ,N,MM)SEMK(JJ,N .MM),II*AIMAG (EMP(JJ,N,MM ))
W R ITE(22 ) NFN, NFR ,NeTA
W R I T E ( 2 2  ) (FN (I),t=1,NFN), (OMEN (I),I:1, N V~~) , (wA ~~G (I) ,I=j, N~~T~~)
WPITE (22 ) (((wFR (JJ,N,MM .EF4 (JJ,P1 ,M M),E~~D (JJ, N,MM ,JJ= 1,.~FI~

X
76 IF (JA.E Q .2 ) CALL AETSKC (5LPGMIA )

IF (ID.EQ.2 .OR. I0.EO.— 1) CALL AET SKC (5L~~3T35)
I F L P.EQ.0 •AND. IP.EQ.0 .AMO . NOW .E~~.0) CA LL A ET~~~C (cLuoT 3~~)
IF (L P.EQ.0 .ANO . IP.EQ.0) CA LL AETS KC L.LP (M 5

205 CONTINUE
END
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PROGRAM QPGM2
C

COMMON/HP1/ NPAG,TITLE (8) ,PATT (7) ,RATIO
CUMMON/14P2/ I0,IG,IP,IND,ISO,ISTART,JA,JB ,JC,K,LP,MAXD,140N0,MS,

X
CL)M14ON/8P3/ NOS,NM (30),BEAM (3O),DRFT (30),AREA (30),14P5 (30),

X AVBM(30),ST(30),IN(30),SQAR(30),*(3O,20),Y(30,20)
CUMMON/HP4/ NUT,NON,NOE,XS(20) ,YS 20) .*X (19) .YY (19) ~DEL (i9).x SNE (19),CSE(19)
COMMON/HPS/ VOL,XIP,DST,PST,BAM,ORT,AIR,AMP1,AMP2,DS (30) ,SS(30)
CUMMON/PIP6/ NOW,NOL,NSP,NST,WINPc(5),SHLT(6),SPEED (6),SfAT (20)
COMMON/MPh P4FN,NFNS,FN(6) ,FNS(6)
COMMON/14P8/ NBTA,N8TAS,NBTAT,NBTAQ,WANG(8),COSBET (3),SINBET (3)
CUMMON/MP9/ NFR,NFRS,OMEN (30) ,OMENS (30) ,OMIN,OMAX,DOME,OWAX
COMMON/HP1O/ XZFO,XZVL,XZHB,XZPB,KV,KW
COMMON/HP1 1/ CHRDA,THKA ,SPNA,FAL,XZFA,CLFA,DEPA,FAY
COMMON/8P12/ CHROB,THKB,SPNB,FBL , XZFB,CLFB,DEPB,FBY
CUMMON/HPL3/ GRAV ,OEPCAT,SD (6),RBMST (1O)
COMMON/HP14/ EL,GCB.GYR,RGY, VCG,t3RCL,RF33,RP35,RM55
COMMON/8P15/ A33(30),A35(4,30),A53(4,30),A55 (4,30),C35S,C55S,

X 833(4,30,3),B35(4,30,3),853(4,30,3),B55(4,30,3)
COMMON/HP16/ AHP(30),DHP(4,30),AP(30),DP(4,30)
CUMMON/HP17/ OMEGA,UN,PAH(19) ,PVH (19)
CJMMON/Hf-18/ BLUG (19,19),YLOG (19,19)
COMMON/HP19/ KASE (4),MIL (4),CWR1 (4),CWR2 (4),WFR(4,30,3),

X WN(4,30,3),SWR (4,30.3),RWS(4,30,3)
CUMMON/HP2O/ II,EFH(4,30,3),EMP(4,30,3),EMK (4,30,3)
COMPLEX II,EFH,EMP

C
C END OF COMMON DECK
C (MAKE ALL LHANGES ABOVE THESE CARDS)
C

CL)MMON/ENDCUM/ENDCOM
C

1 FORMAT (oX ,’DYNAMIC COEFFICIENTS OF TIlE EQUATIONS OF M{JTION*////
X 6X.*A33 IS SCALED BY M.’//
X bX.’A35 AND A53 ARE SCALED BY ‘,48M’L.//
X 6X.’ASS IS SCALED BY M*,51I’L’L.//
X 6X,*933 IS SCALED BY
X 6X,’835 AND B53 ARE SCALED BY M*,11 H’SQRT(G*L).//
X 6X,*B55 IS SCALED BY M’,13PI’L’SQRT (G’L).//
X 6X.*M iS THE DISPLACED MASS .*//
X 6X .’G IS THE ACCELERATION DUE TO GRAVITY .’//
X 6X,’L IS THE DISTANCE BETWEEN PERPENOICULARS,’////
X ÔX,*FN IS THE FROUDE NUMBER = (FORWARD SPEED)/SQRT’,bH (G*L).//
X 6X,’BETA IS THE WAVE HEADING ANGLE IN DEGREES.’/
X 6X,*BETA = 180. FOR HEAD SEAS,’//
X 6X,’OMEGA IS THE ENCOUNTER FREQUENCY NON—DIMENSIONALIZED BY’,
* *SQRT (G/L).*//
* 6X,’IHE HULL SEPARATION/BEAM RATIO IS THE DISTANCE’/
* 6X,’F3ETWEEN THE HULLS DIVIDED BY THE BEAM OF ONE HULL.’)
2 FURMAT (lflO,5X ,’BARE HULL POTENTIAL FLOW ADDED MASS AND DAMPING’,

* • COEFFICIE NTS’/bX,’FN = ‘,FS.i/
* LOX ,’OMEGA* ,7X,’A33*,7X,’A 35*,7X,’A53’,7X,’A55’,7X,’B33*,7X,
* •B35’,7X,’853’,7X.’B55’)
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3 FORMA T ( F15 . 4,6f 1O.6)
4 FORMAT(1H0,5X,’ADDED MASS COEFFICIENTS AND DAMPING COEFFICIENTS ’
* • EXCLUD ING CROSS—FLOW DRAG*/6A,*FN =

* 10*.’OMEGA’,7*,*A33’,7x,eA35*,7x,’A53*,7X.’A55 .,7x,.B33.,7X,
X ‘B35’,7X,’853’,7X.’RS5*)
S FORMAT (1M1,14A6,18X,A6,I4/)
6 FORMAT (F15.4,8F10,6)

ii FORMAT(1p1O,5X,8HSTAT ION F7•4)
150 FORI4AT (1I1O,8OX,’HULL SEPARATION/BEAM = ‘,F7.4)
205 FURMAT (1P1O,5X,43HPROJECTED AREA OF TIlE SUBMERGED HULL/L’*2 = ‘E15.6

J/~ X,13HMO14ENT,L”3 ,E15.6,5*,24HMOMLNT OF INERTIA/L”4 = .L15.6
If(1.EQ.0 CALL PGMLB
FALP=PST—FAL
Ft3LP=PST—FBL

= 0.7853982
RVOL = VOL * EL”3
NSO NOS
1110.0,1.0)
DO 12 MM=1,NRTA
W AND WANG (MM) ‘.0 1745329252
COSBET (MM ) =COS (WAND)

12 SLNBET (MM )=SIN (WAND)
CALL ()DFCN
00 2-5 JJ 1,NFN
LMT MIL (JJ)
If( MIL (JJ).LE.O) 60 10 25
DO 20 N 1,LMT
DO 20 MM=1,NRTA

20 RWS (JJ,N,MM ) =1 ./SWR (JJ,N,MM)
2S CONTINUE

DO 40 ~~1,NFR
A33 (N 0.O
AHP (N) 0.O
AP (N) =0.0

40 CONTINUE
DO 50 JJ=1,NFN
DL) 50 N 1,NFP
DHP (JJ.N) 0.0
DR (JJ.N) =0.0
B33 (JJ,N, 1) =0.
DO SO MM=1 .N8IA
EfM (JJ,N,MM ) = (0. .0.)

50 EMP (JJ,N,MM~ = (0. .0.)
P RU A = 0
PROM O,
PROI=0,
DO 60 K 1,NOS
XIP PST—SS (K)
XIPZ=XIP’XIP
DST DS (K)
NUT NM(K)
If (NUT •EQ. 0) GO TO 60
DO 333 1J K 1.NUT

333 XS (IJK )=X (K ,IJK )
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XLG *MA* (NUT ,XS)
*SM XMIN (NUT,XS)
A V~ M (K )  X LG — X S M
~AM f3EAM (K)
DRT=DRFT (K)
AIR=AR EA (K)
DA DST*AVBM (K)
P ROA = PRO A + DA
PROM=PROM—X I P’DA
PROI=PROI.XIP2*DA
NON NUT-i
NUE 2*NON
DL) 62 J 1,NUT
XS (J) X (K ,J) .SD (ISO)

62 YS (J) Y (K,J)
YSML = XMIN (NUT ,YS)
flU 65 IJI = I. NUT
N ’IN = IJI
IF(YSML .EQ .YSUJI,) 60 10 66

65 CONTINUE
66 MAXD NNN

If (MONO .GT. 1) MAXD =1
DO 63 J 1,NON
X *. ( J ) 0 . 5 * (X S ( J ) .X S (J . 1) )
Y T ( J ) 0 .5 ’ (Y S (J ) .Y S (J . i ) )
X INT=XS (J+I ) —)(5 (J)
YINT=YS (J+1)—Y5 (J)
Ott di ) SQRT (XINT”2+YINT”2)
S~ L (J) YINT/DEL (J)

63 CSE (J)= XINT /DEL (J)
CALL FRANK
I~~(ID.LT.2) GO TO 60S IA T ION=20.0*SS(K
WR ITE (6,11) STATION
GO TO 77

60 CONTINUE
WRITE (6,205) PPOA ,PROM,PROI
DO 30 N=1,NFR
6* I=O MEN (N)
fit B=GX I *VOL
Dt.A GXI*0EP4
A J3 (N) =A33 (N) /DEA
A IP (N )=A HP(N)/OEA
A P (N) AP (N) IDEA
DO 30 JJ=1.NFN
833 (JJ,N,1)=833(JJ,N,1)/DEB
D~1P (JJ,N) =L)HP(JJ,N)/DEB30 D~~(JJ,N)=DP(JJ,N)/DEB
Do 31 N=1,NFR
GXI OMEN (N)
GA2=GXI*GXI
AJ3N=A33 (N)
A iSN=AHP (N)
DO 31 JJ=1,NF N
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FNJ:FN (JJ)
R~5 F N J’FNJ/6X2
B33S 833 (JJ,N, 1)
S~ aFNJ’833S/GX2
A 35 (JJ .N) ~A3 5N—S B
A~ 3 (JJ,N)=435N+SBA~ 5 IJ J~ N) AP (N) .R55’A33N
5A=DHP(J.,,Ij)
S~4 FN J’A33N
B35(JJ.N, 1 ) SA•Sr~
R~’3 (JJ ,N, 1) SA—SB
B~5 (JJ,N, 1) 0P (JJ,N) +R5S’B335

31 CONTINUE
If (IG.LT.2) GO TO 34
NRAG NPAG+ 1
WNITE (6,S) (PATT (I) .1 1,6). (TITLL (j) .1 1,8) ,PATT(7) ,NPAG
WRITE (6,150) RATIO
W R ITE (6.1)
N~ AG NPAG+ 1
WRITE (6,5) (PATT (I),I=1,6), (TITLE (I),1=1,8),PATT (7),NPA (,
WRITE (6,15O) RATIO
K R Q
DL) 33 JJ=1,NFN
LMT MIL (JJ)
I~ (LMT.LE.0) GO TO 33NF4 LMT,4
WRI~~E (6,2) FN (JJ)
Ws?ITE (6,6) (OMEN (N),A33(N),A35 (JJ,N),A53(JJ,N),455 (JJ,N),

* B33 (JJ,N,1),B35 (JJ,N,1),853 (JJ,N,j),B55 (JJ,N,1),N=1,LMT)
IF (JJ.EQ.NFN) GO TO 33
KR~~ R.NF4
If 55—KR.GE.NF4) GO TO 33
Kr~~0
NRAG NPAG . 1
W~’ITE (6.5) (PATT (I) .1 ,6), (TITLE (I) ,1 1,R) ,PATT (7) ,NPAL,
WRITE (6,150) RATIO

33 CONTINUE
34 CONTINUE

AL )Ab=AMAB =ALAA= O .
VL)AB VMAB V I AB=0.
IF IN=0
If(CLFA .EQ.O. SAND. CLFB.EU.0. GO TO 67
If 1N 1
CSA CMRDA’SPNA
CSB CIIRD8’SPNB
FALP2 FALP’FALP
FtiLP2=FBLP’FBLP
AUFA QPI’CSA* (CHRDA .THKA) /RVOL
AOFB QPI’CSB’ (CHRDB.THKR)/RVOL
AUAB AOFA+AOFB
A MAB —FALP *ADFA —F BLP’A DFB
Al AB FALP2 ’ADFA .FBLP2*ADFB

67 CUN= .S’EL/R VOL
CONA CON’CSA*CL~

A
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CUNBzCON~ CSB*CLFB
CUNV* .5*XZVL/VOL
DO 70 N=1,NFR
GX2 OMEN (N)
6X2 6X2 ’GX2
A3 3 ( N ) = A 3 3 ( N )  .AOA B
DL) 70 JJ=1,NFN
FNJ=F N (JJ)
I F  UFIN.EQ.0 GO TO 68
VO~~ =CONA*FNJ
VuPB=CONB*FNJ
VUAB VDPA .VDPB
V MAB =—FALP eVDPA — FBL P*VDP B
VI AB=FALP2’VDPA .FRLP2’vDpB

68 VISF~ CONV’FNJ
RJ5zF NJ/6X2
R55 FNJ*R35
435 (JJ,N) =A35 (JJ,N ) .AMAB
A~ 3 (JJ .N) =A53 (JJ ,N)  .AMAB
A~ 5 (J J , N)=A b 5 (J J , N)  +R55 ’ADA B .AIAb
Sc~33=B33 ‘JJ~ N, 1) +V15F*PPQA.VOA8
SM=F NJ’AOAB
StI V ISF’PROM .vMAB
Sd35=B35 (JJ,N, 1) +S4+SB
Sd53=B53 JJ,N, 1) —SA+SR
S355=B5S (JJ,N.1 ) .v15F’PROI.VIAR
D’) 70 MM=1.NBTA
B33 (JJ,N,MM ) S833
HiS (JJ,N,MM) =S835
B~,3(JJ,N,MP~, =S853

70 R-5 (JJ,N,MM)=SB55
C35S=CUIIV’PRUA .CONA .CONH
C,5S=CONv’PRUM—FALP*CONA—FBLP*CONB
If (IG.Lr.2) GO TO 77
NPAG NP AG . I
WRITE (6.5) (P411(I) .1 1.6). (TITLE (I) ,1 1,8e ,PATT(7) ,NPAG
WRITE (6,150)RATIO
K R 0
DO 95 JJ 1,NFN
LMT MIL (JJ)
NF4 LMT •4
If (LMT.LE,0) GO TO 95
WRITE (6,4) FN(JJ)
WRITE (6,6) (OMEN (N),433(N),A35(JJ,N),A53(JJ,N),A55 (JJ,N),

* 833 (JJ,N,1),B35 (JJ,N,1),B53 (JJ,N,1),B55(JJ,N,1),N=1,LMT)
IF JJ.E~~.NFN GO TO 95
KR = KR • iF 4
It (5~i—K~fl.GE,NF4) GO TO 95
K R O
NPAG- NPAG . 1
WRITE (6,5) (PAIT (I) ,1 1,6) , (TITLL (I) .1=1,8) ,PATT(7) ,NPAG
WRITE (6, 150) RATIO

95 CONTINUE
77 CONTINUE

CALL AERTRNK
E~ I)

40



PROGRAM QPGM2B
C

CUMI4ON/IiPi/ NPAG,TITLE (8),PATT (7),RATIO
COMMONfl4P2/ ID,IG,IP,IND,ISO,ISTART,JA,JR ,JC,Ic,LP,,4A*D,140N0,MS,
* NIX,NLOOP,N5D,NSO,NSTR,NUX
COMNON/HP3/ NQS,NM (30),BEAM (30),DPFT (30),AREA (30),MP5 (3O),
* AVBM (30),ST (30),IN(3O),SQAR (30),x (30,20),Y(3O,20)
CUMMON/HP4/ NUT,NON,NOE .XS (20),YS(20).XX (19),YY (19),DEL(19),
* SNE(19).CSE(19)
COMMON/HPS/ VOL,XIP,OST,PST,BAM,DRI,AIR ,AMP1,AMP2,DS (30) ,SS(30)
COMMON/HP6/ NOW,NOL,NSP,NST,WINtS (5),SHLT (6),SPEEO (6),STAT(?0)
COMMON/HP7/ NFN,NFNS,FN(6) .FNS (b)
COMMON/HPS/ NBTA,NBTAS,NBTAT,NBTAQ,WANG(8),COSR[T(3),SINAET (3)
COMMON/HP9/ NFR,NFRS,OMEN (3U),OMENS (30),OMIN,UMAX,00ML,OWAX
COMMON/lIP 10/ *ZFO,XZVL,XZHB,XZPR,Kv .ic W
CUMMON/11P1 1/ CHRDA ,THKA ,SPNA,FAL ,XZFA,CLFA,DEPA .FAY
CUMMON/11P12/ CHRDB,THKB.SPNB,FBL ,XZI 13,CLFH ,DEPB,FBY
CUMMON/HPL3/ GRAV,UEPCAT,SD (6),RUMST (10)
COMMON/HPI4/ EL ,GCB,GYR,RGY,VCG,BRCL,RF3J,RP35,RM55
CUMMON/HP15/ 433(3O),A35(4,30 ),A53(4.30),A55(4,30),CJSS,C555.

* B33(4,30,3),H35(4,30,3),B53(4,30,i),B55(4,30,3)
CUMMOM/HP16/ AHP (30) ,DHP(4,30),AP(30) ,JP(4,3O)
COMMON/HP17/ OMEGA,UN,PAH (19) ,PVH(19)
CUMMON/HPI8/ BLOG (19,19) ,YLO& (19.19)
CUMMON/HPL9/ KASE (4),MIL (4),CWRL (4),CWp2 (4),WFR (4,30,3),

* WN (4,30,3),SWR (4,30,3),HWS (4,3O,3)
CUMMON/HP20/ II,EFIl 4.30,3) ,EMP(4,30,3) ,EMK (4.30,3)
COMPLEX II,EFI,,EMP

C
C END OF COMMON DECK
C (MAKE ALL CHANGES ABOVE THESE CARDS)
C

COMMON/ENOCOM/ENUCOM
C

CL)MPLEX LGH,ENP
CUMMON/PP23/ EGH(4,30,3) ,ENP(4,30,3)

C
COMPLEX AVC ,CA,CB,CCON ,CEX,CE *AL ,CEXBL,CPART,CPANTA ,CRARTB,CPET,

* CLIrl,CZIP,EXMN ,EXPL,F3V,FSV ,IKC,IKS,IKSS,IVISF,WEXMN ,WEXPL
COMPLEX SEFfi(4,30,3) ,SEMP(4,30,3)

C
DIMENSION I)TMA(30),EPK (4,30,3)

2 FORMAT (1hO ,SX ,*DAMPING COEFFICIENTS INCLUDING CROSS— FLOW DRAO’/
* 6X, *FN = ‘,F5.3//13*,*BET A •,F6.1/
* 6X,*OMEGA* ,7X,0B33°.7X,’835*,7X,’bb3*,7X,’855.)
3 FURMAT (1IiQ,SX,*DA MPING COEFFICIENTS INCLUDING CROSS—FLOW DRAO’/
* 6X,’FN = •,F5.3,/13X,*BETA ‘,F6.I,27X,’BET A = *,F6.1/
* 6X,’OMEGA’,2(7X,*B33*,7X,*t335*,7X,’B53’,7X,’f355’))
4 FORMAT(1IiO ,SX ,’DAMPING COEFFICIENTS INCLUDING CROSS—FLOW DRAG’/
* 6X,’FN = ‘,F5.3//13X,’BETA = *,F6.i,2(27X,’RETA =

* 6X,’OMEGA’,3(7X,*H33*,7X,’B35*.7X,’Bb3*,1X.’B55’))
5 FORMAT (1M1 ,14A6,1BX,A6, 14/)
6 FURMAT (1hO,S*,’EXCITING FORCE, MOMENT AND PHASES*////
* 6X,’THE FORCE AMPLITUDE IS SCALED ~Y THE HEAVE RESTORING F ORCE’/
* 6X,’C33 = RHO*,514’G*A.,.(WATER PLANE AREA ) .‘/ /
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* 6X.’THE MOMENT AMPLITUDE IS SCALED BY THE PITCH RESTORING ‘.
* •MOMENT’/6X,eC55 RHO*,StIeG*A’,’(MUMENT OF INERTIA OF’,
* * WATERPLANE ) /L ,’//
* 6X , 1H* ,’MOMENT DENOTES THE MOMENT AMPLITUDE SCALED BY L’,lM’,
* ‘(WAVE NUMBER)’,1H’,’C55.’//
V L.V F ~~~~~~~~~ C I~~S~~~ S ’ ~~. ~~~~~ t.~ ,-.
F~ IJ P.~~ U £~~ • r ~1L ..%..L.LL ~~~M l L V l ~ LIU~~ IU Ul~ M V & I  ? .  Ff

* 6X , ’A IS THE WA VE A MPLITUDE. ’//
* 6* . ’L IS THE DISTANCE BETWEEN PERPENDICULARS . ’//
* 6X.’RHO IS THE WATER DENSITY.’///)
7 FQRMAT(6X,*FN IS THE FROUDE NUMBER ~ (F ORWARD SPEED)/SQRT’.
* 6H(G*L),//
* 6X,*BETA IS THE WAVE HEADING ANGLE IN DEGREES.’/
* 6X , ’ B ETA = 180. FOR HEAD SEA S. ’//
* 6X.’OMEGA IS THE ENCOUNTER FREUUENCY NON—D IMENSIONAL ILED BY’.
* * SQRT (G/L).’//
X 6X,’THE PHASE ANGLE IS MEASURED IN DEGREES WITH RESPECT TO THE’,
* ‘ WAVE AT THE CG. ‘/1
* 6X,’L/LAM IS L/ WAVE LENGTH).’//
* 6X.’FOR FOLLOWING SEAS THE FREQUENCY DOMAIN IS DIVIDED INTO ‘.
* ‘It4REE’/6X, *REGIONS SEPARATED BY TWO CRITICAL L/LAM DENOTED •.

* •CWR1 AND CWR2.*)
8 F URMAT (1HO ,5X,*EXCITING FORCE, MOMENT AND PHASIS*/

* 6X,’FN = ‘,FS.3/6*,’BETA = *,F6.1/
* 6X,’REGION ‘,Il,’CWRl = ‘,F9.4,’ CWR2 =

* oX,’OMEGA’,SX,*L/LAM*,5*,’FORCE’,SX,’PHASE*,4X,’MOMENT’,5X,
* *PPIASE’,3X,7H*MQMENT ,5*,’LAM/L’)
9 FL)PMAT (1hO,5X,*EXCITING FORCE. MOMENT AND PHASES’/

* 6X.’FN = ‘,F5.3/6X,’BETA =

* bX ,*UMEGA* ,5*,*L/LAH*,5X,*FORCE* ,5A,*PtjA SE*,4X,*M OMENTe ,5*,
* ‘PMASE’,3X,7H*MOMENT ,5X,*LA M/L’)

10 FORMA T (Fi1. 4,F1O.4,F iO.5,F1O.3,F1Q,5,F 10.3.F1O.5,F1O.4)
12 FURMAT (iX,fiO.4,4F1O.6)
13 FORMAT (IX,F1O.4,8F1O .6)
14 FL)RMAT (LX,F1O.4,12F1u.6)

150 FORMAT (IHO,80x,*HULL SEPARATION/BEAM = *,F7•4)
202 FURMAT (6X,’fN = •,F5.3/6*,’BETA = ‘,Fb.l/iOX ,.UMEGA’.SX,’HEAVE’,

* 5X,’PHASE’,5*,’PITCH’,5X,*PHASL’,5X,’LAM/L’)
203 FORMAT ( (SX,F10.3,2 (FjO.5,f1Q.3) ,F 10.4))
204 FORMAT (6X,’EQUATIONS OF MOTION SULVEO USING DAMPING’,

* ‘ COEFFICIENTS EXCLUDING CROSS—FLOW DRAG .’)
205 FORMAT (6X,’EQUATJO NS OF MOTION SOLVED USING EXCITING FORCE’,

* * INCLUDING FIN AND BODY LIFT CONTRIBUTIONS .’)
206 FOPMAT (6X,’EQtjAT IONS OF MOTION SOLVED WITH VISCOUS’.

* • CROSS—FLOW DAMPING EFFECTS.’)
500 FORMA I (SX,’MOTION AMP FAILED TO CONVERGE FOR RETA =‘.F8.2,

* •FN =‘,F8.4,* LAST 2 VALUES =‘,Ei~~.5,’ AND’,E12.5.
* ‘CALCULATI ON CONTINUES.’)

501 FURMAT (5*,’ITERATI ON NOT USED. MAX AMP ‘,E12.5)
502 F0RMAT (IX,I2)

I f ( 1 . EQ . 0 )  CALL PGM1B
SUI SD(ISD)
DVOL:1 ./VOL
II (IG.NE .3) GO TO 29
CALL SQLV ((2,DVOL,OVOL,1,NFN,1,NBTA,1,NFR)
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N PA G~ NPAG. 1
W R IT E( 6 ,5 )  ( P A T T ( I ) , I~~i , 6 ) , ( T I T L E ( I ) , I a 1 , 8 ) , PA T T ( 7 ) , N p A G
W R ITE ( 6 , 150 )  RATIO
WRITE (6,204 )
DL) 28 JJ=1.NF N
LMT MIL (JJ)
If ILMT.LE .0) GO ‘TO 28
LMP~~MT .5
DO 27 M14 1,NBTA
I’ (55— KR.GE,LMP) GO TO 26
K R O
NPAG~NPA6. I
WR ITE (6.SI (PATT (l),Iz1,6),(TITLE (I),1 1,8).PATT (7),NPAI,
WRITE (6,150) RATIO
WRITE (6,204)

26 WNITE (6.~ O2, FN (JJ),WANG(MH )
WRITE (6,203) (OMEN (N),EGH(JJ,N,MM),ENP(JJ,N,MM),RwS (JJ,N,MM),

* N 1,LMT )
KR KR.LMP

27 CONTINUE
28 CONTINUE
29 CONTINUE

ELEL EL’EL
EL3 ELEL*EL
RVOL EL3*VOL
fk.PAL=OEPA/EL
DtPBL=DEPB /EL
OtPCAL=DEPCAT /11
FALP=PST—FAL
Ft~LP=PST—F8L
F ALP2=FALP*FALP
FBLP2=FBLP*FBLP
CSCA .S’CHRDA’SPNA*CLFA
CSCB= .5*CHRDB’SPNB*CLFB
If(CLF’A .LE.O. .AND. CLFB.LE.O. .AND. XZVL .EQ.O.) ~O TO 399
DL) 80 JJ=1,NFN
LMT MIL (JJ)
I) (L MT.LE.O) GO TO 80
FNJ=FN (JJ)
IVISF= .5*I I’FNJ’XZVL
F 1J FNJ/ELEL
DO 81 MM=1,N$T4
C058=COSBET (MM )
SINB SINBET (MM)
SS INB SOI*SINB
DO 81 N=1,LMT
CA Y WN C JJ.N. MM
FJ V (O.,O.)
F~~V (0. .0.)
I~ C~ I I’CAY’COSB
EM)=EXP (—CAY’DE PCAL)
DL) 15 K*1,NUS
* LP PST—SS (K)
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If ( DEPCAT.E14.0. ) ~KD~~~XP ( —C AY •4R1A ( t c ) ’ ORFT (~~) )

CP’ET=EIcO*AVBM (K) ‘CEXP( ZKC’*IP) ‘OS (K)
F3V*F 3V—CPET

75 F~~V F5V .XI P’CP(T
CCUN IVISF*WFP (JJ,N,MM) *COS (CAY’SSINI3)
CAYB CAY’SINM
FtXF=FNJ*WFR (JJ,N,MM )
CA —I I’FEXF’CSCA’EXP (—CAY’DEPAL) ‘COS (CAYB*FAY ) •CEXP ( IIcC’FALP)
Cr~~— II* FEX F* CSCB * EX P(— CAY * O EPBL ) *COS(CAYB .FBf l * CEXPUK C* FRLP
Ef ~M(JJ ,N,MM) EFH(JJ ,N,MM ) .CA ’C8.CCON’ F)V

81 EMP (JJ,N .MM) EMP (JJ,N,MM )—FALP*CA—FBLP*CB.CCON*F5v
80 CONTINUE

IF (IG.NE.3) GO TO 39
CALL SOLVE (2.DVOL,OVOL,1 ,NFN. I ,NbTA, 1 ,NFP)
K R 0
NPAG NP AG . 1
W R I T E ( 6 , 5 )  ( P A T T ( 1 )  , I = 1 ,6 ) , ( T IT L E ( I~~, I :1,R)  ,PATT(7),NPAG
WRITE (6,15O) RATIO
wRITE (6,205)
DL) 38 JJ=J,NFN
LMT MIL (J.J)
J~ LP’T.LE.O) GO TO 38
LMP-LMT .5

~)U 37 MM=1.NHTA

~~~
( 55— ’c P .(.; E . L M P)  GO TO 31

‘•~ = 0
NRA U NPA • I
w~~ITE

(6,’) (P ATT (I),1 1,o),(TITLL (J) .1 1,M),PATT(7).NPAG
w-I TE ’6.15~P RATIO

~RITE .5.205)
3~ w~~IT E~ 6,2O2~ FN(JJ),wANG (MM )

WRITE (6,203) (O MEN (N).EGH (JJ,N,MM),ENP (JJ,N,MM).RWS (JJ,N .MM),
* N 1.LMT )
K~~~KR.LMP

37 CONTINUE
38 CONTINUE
39 CONTINUE

399 IF (XZVL.XZFU .XZFA,XZFR .GT.0.) GO TO 3’.
DO 36 JJ=l,NFN
LMT MIL (JJ)
If (LMT.LE.0) GO TO 36
00 35 N=1,LMT
DO 35 MP4 1,NBTA
Et I-$(JJ,N,1414) =EFH (JJ.N.14M ) /AMP I

35 EMP (JJ,N,MM) EMP(JJ,N,MM)/AMP2
36 CONTINUE

GO TO 76
34 CON (—CSCA’FALP—CSCB’FBLP) ‘EL/R VOL

00 51 JJ=1,NFN
DO 51 N 1,NFP
EPK (JJ,N,1 ) 833 (JJ,N,))
EPK(JJ ,N .2) 935(JJ ,N,1)
EPI( (JJ.N,3) 853 (JJ.N. 1)

51 Dp~(JJ ,N) 855(JJ ,N, l )
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DL) 714 JJa1,NFN
LMT MIL (JJ)
If (LMT.LE.0) GO TO 114
DO 713 MM .1,NBTA
ILOOP~ — 1
DO 53 N~ 1,LMT
StFH (JJ,N,MM) a(FH (JJ ,N,MM) /A MP 1

53 SEMP (JJ,M,MM )2EMP (JJ,N,MM)/AMP2
555 ILOOP=ILOOP .1

IFULUOI’.LE.O GO TO 52
DO 56 N=1,LMT
EFH (JJ,N,MM ) =EFH (JJ.N,MM ) *AMPI

56 EMP(JJ,N,MM )=EMP(JJ,N,MM ).AMP2
52 CALL SOLVE (2,DVOL.,DvOL,JJ,JJ,MM,MM,1,LMT)

If(IG .NE.3) GO TO 25
K R U
NPAG NPAG .1
WRITE (6,5) (PATT (I),I=1,6),(TITLL (I),I=1,8),PATT (7),NPAG
WRITE (6,150) RATIO
WRITE (6,206)
LMP LMT .4
If (55—KR .GE.LMP) GO TO 24
K R 0
NP~AG NPAG.1
WRITE (6,5) (PATT (I),I 1.6),(TITLL (I) ,1 1,A ),PATT(7) ,NPALi
WRITE (6,150) RATIO
WRITE (6,206)

24 WRIIE (6.202) FN(JJ),wANG (MM )
WRITE (6,203) (OMEN (N),EGH (JJ,N,MM),ENP (JJ,N,MM),
* RWS (JJ,N,MM),N=1,LMT)
K~d KR,LMP

25 If (f4LOOP.LE,1) GO TO 55
DO 54 N=1,LMT

54 OTMA (N)=REAL(EGH(JJ,N,MM) )
ELIHMXL EGHMX
EUHMX XMAX (LMT ,DTMA)
If (EGHMX.LT..8 GO 10 556
If (ILO OP .LE.O) GO TO 55
II- (ABS (EGHMX—EGHMXL)/EGHM*L. LE.1) GO TO 557

55 CSXA=CHRDA*SPNA ’XZFA
CSX ri=C HPDB’ S PNB’ * ZF B

C .21d21=2/(3’PI)
C .005 A/EL=EMPIRICAL FACTOR
C XZFOC (.005*EL)* .21221’XZFO/EL

XLFUC ,001061’XZFQ
vi SM XZFOC/VOL
DO 712 N 1.LMT
GXI OMEN (N)
V ISP=V ISM’GXI
EFH (JJ,N,MM) EFH (JJ,N,MM) /AMP1
EMP (JJ,N,MM) =EMP(JJ,N,MM ) /AMP2
ZRH HEAL (EGPt C JJ,N,MM))
ZRP REAL (ENP (JJ,N,MM))
?LH=AIMAG (EGM(JJ,N,MM ) )/57.295779
Z1P AIMAG(ENP(JJ .N,MM ) )/57.295779



CIIH Z RH’CEX P(- I  I’ZIH)
C11P22. *Z RP*CEXP (- I I’Z IP)
CAY=WN (JJ,N,MM)
OME W~ WFR (JJ,N,MM)PROA= 0.
PROM O.
PHOI=0,
FJV= (O.,0.)
FSV (0..O.)
WOW=OMEw/G*I
i’cs=i I’CAY
IKC=IKS*COSBET (MM)
I’cS=IKS.SINBET (MM)
IKSS IKS’SDI
EXPL=CEXP C IKSS
EXMN=CEXP (—IKSS)
WtXPL=WDW*EXPL
WtXMN WDW.EXMN
EJ~D EXP (—CAY’DEPCAL)
DO S75 K 1,NOS
A VB AVBM (f.)
DST=DS (Ps)
*IP PST—S S (K)
Jf  (DEPCAT .E LI.O.) EKD EXP (~~CAY*AR 1A (K)*URFT (K))
CtX=EPc D~’CEXP IPcC*xIP)
CPAR T CZI ~—CZIP’X1P
vLEROP=CA HS (CPART—WEXPL*CEX )
VLERO M=CAI-3 S CCPART—WEXMN *CEX )
A V V A V ~3* (VZEROP+VZEROM) ‘DST
PRUA=PROA .A ~ V
4~lV XIP*AVV
PR UM PR OM • A V V
PROI=PROI +XJP ’AVV
AVC=AVB*CEX ’ (VZEROP*EXPL.VZEROM*EX MN) *051
FJV=F3V .AVC

575 FtV=F5V .XIP’AVC
E KOA=EXP (—C AY * D EPAL )
EIcUB=EXP C—CAY ’DEPBL)
CtXAL WDW*EKDA*CEXP (IKC*F ALP )
Ct~XUL WDw*EKDB*CEXP 1 IKC’FBLP)
CPARTA CZ IH~ F ALP*CZ IP
CPARTB=CZ 1)1—F BLP*CZ IP
IKSS=IKS*FAY
PARTA=CA 135 (CPARTA—CEXAL ’CEXP (IKSS) ) .CABS (CPARTA—CEXAL*CEXP (IIcSS))
IKSS IKS*FBY
PARTB CABS (CPARTB—CEXRL*CEXP I IKSS) ) .CABS (CPARTB—CEXBL*CIxP (—IKSS))
CUN .21221*GXI/RVOL
V OP A= CON’ C SX A PAP T A
vL)PB CON*CSXB*PARTB
CON .21221*GXI*GXI/EL3
PART A CON’CSXA’PARTA
P AR T 8 CON*CS *8 ‘P AR TB
CON XZFOC*GX I ‘OMEw
EFH (JJ,N,MM ) SEFM (JJ,N,MM ).II* (—CON*F3V—PANTA*CEXAL—PARTB’CEXBL)/
* AMP1
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EMP(JJ ,P4,MM)*SEMP (JJ,N,P4P4)sII’ (CON*F5V.FALP~ PAR TA SCE*8L .FBLp .
* P*RTB.CEXeL IAMP?
833 (JJ,N,MM )aEPKIJJ,N ,1)+VISP’PROA+VOPA+VOPfl
CON~ -VIS P’PRON—VDPA ’FALP-VOPA ’FBL P835(JJ.N ,MPI)’EPKCJJ,N,2 ).CON
853 (JJ,N ,MM) .EPK (JJ,N,3) +CON

712 855 (JJ,N,MM )RDP (JJ,N)•VISP’PROI+FALP2 ’VDPA.FRLP2 VDPB
IF U4LOOP.LE.1) GO TO 713
IFULOOP.LE.NLOOP) CC TO 555
WRITE (6,500) WANG (MM),FN (JJ).(G~4MXL,EGl .1MX
GO TO 558

556 W R I T E ( 6 , 501 ) EG HMX
557 DO 715 N t,LMT

(FH(JJ,I4,MM )ZEFH(JJ,N,MM)/AMPI
715 EMP (JJ,N ,MM)zEHP (JJ,N,MM)/APIP2
558 W RI T E ( 6 , 50 2 )  IL OO P
713 CONTINUE
714 CONT INUE
76 IF (IG.LE.0) CO TO 77

00 85 JJ 1,NFN
LIIT MIL ( JJ)
IF (L111.LE.0) GO TO 85
00 8’. MM I,NBTA
DO 8’. N21,LMT
ZRH:CABS (EFR (JJ,N,MM))
ZRPzCABS (EPIP (JJ,N,MM))
IF(ZRH.LE.0.) GO 10 87
ZIH=—S7. 295779’ATAN2 (AtMAG (EFH (JJ,N ,MM)) ,~~EAL (~ FH (JJ ,N ,MM)))
IF (ZIk.G 1.90.) ZIH=ZIH— 360.
EGH(JJ,f, ,MM )=CMPLX(ZR4, ZIH)
GO TO 88

87 EGH (JJ,N,MM )~~(0.,0.)
88 IF (ZRP.LE.0.) GO TO 90

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
IF (ZIP.LT .—2?0.) ZIP=ZIP+360.
ENPIJJ,N ,MM)=CMPLX (ZRP , ZIP)
EPK (JJ,~4,MM)=ZRP/WN(JJ, N ,MM t
GO TO 84

90 ENP (JJ,N ,MM ) * C O  • ,0.)
EPK (JJ,N ,MM) 0.

84 C JNT IN UE
85 CONTINUE

IF (IC.LT .2) GO TO Ill
NPAG ZN PA G.1
WR ITE (6 ,5) (PA TT (I),I=t,6),~ 1I1LE (I).I:1,~ ) ,P~ TTV ) . N P A C
WRITE (6,150) RATIO
KR~~Q
NFP NFR’ S
00 ‘.0 Jjs1,NFN
LMT~ MIL ( JJI
IF (L MT.LE .O) GO TO ‘.0
GO 10(1.1,42,43), NBTA

‘.1 WR IT E U ,2 )  FN(JJ),WAN G (1 )
WRITE (6,12) (OMEN (N ),B33 (JJ,N,1),835IJJ,N,1),BS3~ JJ,N,1).

* 855 (..J,i ,N, 1) ,Nxt,LMT )
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GO TO 45
42 WRITE (6,3) FN (JJ) ,WANG(1),WANG(2)

WRITE (6,13) (OMEN (N),(B33(JJ,N,MM),835(JJ,N,MM),853(JJ,N,14M),
* BS5 (JJ,N,MM),MM=l,2),N=1,LMT)
GO TO 45

43 WRITE (6,4) FN(JJ) , (WANG(I) ,1 1.3)
W R IT E(6 ,14)  (OMEN(N) ,(833(JJ .N ,MM),835(JJ ,N,MM), )353 (JJ ,N,MM),
* t355 (JJ.N,MM),MM=1,3),N=1,LMT)

45 If (JJ.EO.NFN) GO TO 40
KR KR.NFP
I~ (55— KP.GE.NF’P) GO TO 40
K R O
NPA ti NPAG. 1
WRITE (b ,5) (PATT (I),I=1, 6),(TITLL (I),I=1,S),PATT(7),NPAG
W R IT E ( 6 , 15 0 )  R A T I O

40 CONTINUE
111 N~ A (~’=NPAG .1

WRIIE (5,5) (PATT (I),I=1, 6),(TITLL (I),I=1,8),PATT(7),NPA (,
WRITE (6,15O ) PATIO
WR ITE (6.6)
WR ITE (6,7
NRA (,=NPA (,~
W~~ITE (6.5) (P411 (I) .1=1.6) • (TITLE CI) •1 1.8) ,PATT (7) ,NPAG
WRITE (6,150) RATIO

flU 100 JJ IcN FN
L’IT MIL (JJ)
j f  (LMT.LE.0) GO TO 100
L 1P LMT +5
It( PcASE (JJ).NE.O) LMP=LMP.1
flu 110 MM= 1,NBTA
If (55—PS R .GE.LMP ) GO TO 103
K~~~O
r4RAt,=NPAU, 1
W ’~ITE (b,5) (PATT (I),I=1, 6),(TITLL (I),I=1,8) .PATT (7).NPAO
w~~iTE (6.1SO) PA TIO

103 I~~(pcASE (JJ).EQ.0) GO TO 101
WR ITE 16.8) FN(JJ ) ,WANG (MM) ,KASE (JJ) ,CWR1 (JJ) ,CWP2 (JJ)
GO TO 102

101 W r’(ITE(6,9) FN (JJ),WANG(MM)
102 WRITE (15,10) (OMEN(N),SWR(JJ,N,MM ),EGH (JJ,N,MM),ENP (JJ,N,MM ),

X tPK (JJ,N,MM),RWS (JJ,N,MM ),N=1,LMT)
KR KR+LMP

11 0 CONTINUE
100 CONTINUE
77 CONTINUE

CULL AERTRN K
E ~U
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SUBROUTINE SOLVE (IOPT .CONEFfI.CONLMP,1FNF,IFNL,IBTAF,IBTAL ,
* IFRF,IFRL )

C
COMMON/PIPI/ NPAG,TITLE (8),PATT(7),RATIO
COMMON/HP2/ ID.IG .IP,IND,ISD,ISIAPT,JA ,JA ,Jc.pc,Lp,MAXU ,MONO,Ms,

* NIX,NLOOP,N50,NSO,NSTR,NLjX
COMMON/PIP3/ N O S , N M ( 3 0 ) , B EA M ( 3 O ) , 1) R F T ( 3 0 ) , A R E A ( 3 0 ) , p 4 p S ( J O ) ,

* A V B M ( 3 0 ) , S T ’ 3 0 ) , I N ( j O ) , S Q A R ( 3 0 ) , * ( 3 0 , 2 0 ) , Y ( 3 O , ? o )
CO MMON/lIP4/ NLJT,P40N,N ,XS(20),YS (20),XX (19),YYCI9),IJEL (19),

* SNE (19).CSE(19)
COMMON/fiPS/ VOL .XIP .DST,PST,BAM,DpT.A IP,AMP1,AMP2,r)S (30),Ss (3O)
CUMMON/HP6/ NOW,NOL,NSP,NS1,WINPc~ 5),Sp1LT(6),SPEEu (6),sTAT (?o)
CO MMON/HP7/ NFN,NFNS.FN(6) ,FNS(6)
COMMON/,-IPR/ NBTA,NBTA5,NBTAT ,NBTA Q,WANG(8),COSBET(3),SINRET(J)
COMMON/’1P9/ NFR,NFRS,OMEN (30),OMENS (30) ,OMIN,UMAX ,DOME ,UWAX
CUMMON/HP1O/ XZFO,XZVL ,XZHB,XZPB,Kv,Kw
CO MMON/HPI1/ CfIRDA,THKA ,SPNA ,FAL ,AZFA,CLFA ,DEPA ,FAY
COMMON/HPI2/ CHRDB,TriKB,SPNB,FBL,X2f b,CLFB,DEPB,FBY
CU MMON /iRl3/ GRAV ,DLPCAT,SD (6),RBMST (1O)
CL)MMUN/HPI4/ EL .GCB .GYR,RGY ,VCG,BRCL .RF33,RPJS,RM55
COMMO~~’iP15/ 433 (30),A35(4,30),Ab3(4,30),A55(4,30),C355,C555,

A33(4,30,3),B35(4,30,3),853(4,3O,3),B55(4,3O,3)
CU~-°’1 N/HP1 6/ AHP(3Q),DHP(4,30),AP (30),UP (4,30)
C~)MMJ ’~/~iP17/ OMEGA ,UN,PAH(19) ,PVH (19
C~~lMa N/HP1~~/ ~RL OG(19,l9) ,YLOG 19,19.I
CJMMO’ ,/H~~i 9/ KASE (4),MIL (4),CWRI (4),CWR2 (4),WFP(4,30,3),

X wN (4,30,1),SWR (4,30,3),RWS(4,30,3)
CU~~-’~~~/HP2O/ II,EF H (4.J0,3),EMP(’.,30,j),EMK (4,30,3)
C~~H~~~E * II,EFH ,EMP

C
C E’~~

) OF C i ’ ~RON DECK
C ( RAr ~E ~LL CHANGES A BOVE THESE CARDS )
C

CuMMON/ ENDCUM/ ENDCUM
C

COMPL EX EGH,ENP
CJMMON/PR23/ EGH(4.3O,3) ,ENP(4,30,3)
DI MENSION TOD (4,4),BOfl(4,1),LNDEA(4,i)

C
DL) 10 JJ=IFNF .IFNL
LMT MIL (JJ)
If (LMT .LT.IFPF ) GO TO 10
If RLL IFRL
If (L MT.LT .IFRL ) IFRLL=LMT
F ~J2 FN (JJ)”2
Ci5=RP~~,.FNJ2*C35S
C~ 5 PM55.FNJ2*C5SS
DL) 20 N 1FPF.IFPLL
DO 30 MM IUTAF,IBTAL
GA I OMEN (N)
GA2=GX I*GXI
101) ( 1,1) —G*2 ’ (A33 (N) .1.0) .PF33
TOt) (1.2) —6X2*A35 (JJ.N) .C35
100 (1, 3) GX i~ H33 ( JJ ,N MM)
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TOU ( 1.4) =GXI’B35 (JJ,N.MM )
100(2 ,1)  =— GX2 ’A 53 (JJ ,N)  .RP35
T O D( 2 ,2 ) =— G X 2* (A 5 5 (J J , N )  .GYR ) .C55
100(2 ,3)  =0*1*853 (JJ .N,MM )
100(2 ,4 )  GXI’ BSS (JJ ,N,MM )
TO0 (3,1)=—TOD ( 1,3)
TOO (3.2)  =—T O D (1,4)
TOO (3.3) =TO1) (1 • 1)
TOD (3.4)=TODC1 .2)
100(4,1) =—TOD (2 ,3)
TOO (4,2) =—TOD (2,4)
101) (4,3) TOD (2. 1)
TOO (4 .4) =100 (2 .2)
800 ( 1,1) =CONEFH’REAL (EFH(JJ ,N,t4M))
800(2.1) =CONEMP’REAL (EMP (JJ,N,MM))
BOO (3, 1) =CONEFH*A IMAG EFH ( JJ,N,MM )
BUD (4, 1) =CONEMP’AIMAG IEMP (JJ,N,MM)
CULL MATINS (TOO,4,4,BOD,1 ,1,DTPM, ID, iNDEX )
GO TO (32.33),ID

33 EFPI(JJ ,N,MM)=(0. ,0.)
EMP (JJ,N,MM) = (0. .0.)
It (IOPT .EO.3 EMK (JJ,N,MM) 0.
GO TO 30

32 Z kH =S QRT ( B UD( 1 .1)* *2 + BOD 3,1)**2)
71P1 —57.295779*ATAN3 (i3OD (3,1),BOU (1,1))
ZRP O. SO RT (BOO (2~~1) “2.BOD (4 ,1) ‘*2)
ZIP=_57 .295779*ATAN3(BOD(4,1),BO0(2,1))
IF (ZI fi .%1.90.) ZIH ZIH—360.
IF C LIP .LT. — 2 7 0 .)  Z IP ZIP.360.
E L,H I JJ, N , MM) CMPLX ( ZRH ,Z 1)1)
ENP (JJ,N,MM ) =CMPLX (ZRP,ZIP)
If (IOPT.EQ.3) EMK(JJ,N,MM) 2.*ZRP/WN (JJ,N,MM)

30 CONTINUE
20 CONTINU E
10 CONTINUE

RETURI”4
E NI)
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PROGRAM QPGM3
C

CUMNON/HP1/ NPAG,TITLE (8) ,PATI(7) ,R4110
COMHON/PIP2/ IO,I0,IP.IND,ISD,ISTAPT,JA ,J8.JC.K.LP,MAXD,MONO,MS,

* NIX,NLOOP,N5D,NSO,N5TR,Nux
COMMON/flP3/ NOS,NN (30),BEAM (30),ORF 1(30) ,APEA(30),MPS (30),

* A V B N ( 3 0 ) , S T ( 3 0 ) , I N ( i O ) , S Q A R ( 3 0 )  . X ( 3 0 , 2 0 ) , Y ( 3 0 , 2 0 )
COMMON/HP4/ NUT,NUN,NOE,XS (20),YS (20),XX(19),YY(19),L)[L (19),
* SNE (19),CSE (19)
CJMMON/HPS/ VOL,*IP.DST,PSI,BAM,DRI,A1R,AMP1,AMP2,DS 30 ,5S 30
COMMON/HP6/ NOW,NOL,NSP,NST,WINK(S),SHLT (b),SPEEO (6),STATC2O)
COMMON/P1P7/ NFN,NFNS,FN (6) ,FNS(6)
COMMON/PtPS/ NBTA ,NBTAS,NBTAT,NBTA Q,WANG (8),COSBET (3),SLNRET (3)
CUMMON/HP9/ NFR,NFR5,OMEN (30),OMENS (30) ,OMIN,JMAX,00ME ,OWAX
CUMP4ON/HPIO/ XZFO,XZVL,XZHB,XZPH,Kvo% W
CUMMON/HP 1 1/ CHRDA .THKA,SPNA ,FAL,X ZFA,CLFA,DEPA,FA Y
COMMON/~iP12/ CHRDB,THKB,SPNA,FAL ,XZFB,CLFH,DEPB,FBY
COMMON/HP13/ GRAV ,DEPCAT,SD (6 ,RBMSTUO
COMMON/HP 14/ EL,GCB,GYR,RGY,VCG,BRCL,RF33,RP35,RMSS
CUMMON/HPI5/ A33(30),A35(4,30)’,A53(4,30),AS5(4,30),C3SS,C55S,

* B33(4,30,3),835(4,30,3),B53(4,30.3),B55(4,30,3)
COMMON/HP16/ AHP (30),DHP(4,3O),AP (30),UP(4,30)
CO MMON/PIPL7/ OMEGA ,IIN ,PAH (1 9),PVH(19)
CuMMO’~/HP18/ BLUG (1~~,1~~),YLOGC19,19)COMMON/H~~19/ KASE (4),~~IL (4),CWp1(4),CwR2 (4),WFP(4,3O,3),

* WN (4,3j,3) .SWR (4,3O,3),RWS (4,30,3)
CJMMON’HP2O/ II,EFH(4,30,3),EMP14,30,3),EM,c(4.30,3)
COMPLEX j ,t.Fk ,EHP

C
C END OF CJ~ MON DECK
C ( M A f f  ‘~LL CHANGES ABOV E THESE CA R DS )
C

C~JMMON/ENDCUM/ENDC OM
C

C JMPLEX EGH,ENP
COMMON/PR23/ EGH (4,30,3),ENP (4,30,3)

C
1 FURMAT (1 HO,5X,*MOTI (JN AMPLITUDES AND PHASES’////
* 6X,’TPl€ HEAVE AMPLITUDE IS SCALED BY A .’//
* 6X,’THE PITCH AMPLITUDE IS SCALED BY 2’,l H’,’A/L.’//
* 6X,1lI’,’PITCH DENOTES PITCH AM PLITUDE SCALED BY A’,Ih’,
* ‘(WAVE NUMHEP).’//

* 6X , °A IS THE WAVE AMPL ITUDE .’////
* 6X,’FN IS Th~ FR000E NUMBER = ( FOR W ARD SPEED)/SQRT* ,6h( c * L) . / /
* 6X , ’BEIA IS THE WAVE HEADING ANGLE IN UEGREES .’/
* 6X , ’BETA = 180. FOR HEAD SIAS.’//
* 6X,’OMEGA IS THE ENCOUNTER FREOUENCY NON—D IMENS IONAL ILED RY* ,

* * SQRT (G/L).’//
* 6X,*JlIE PHASE ANGLE IS MEASURED IN DEGREES WITH RESPECT TO THE *
* ‘WAVE AT THE CG. *1/
* 6X,’L/LA M IS L/ (WAVE LENGTPI).’//
* 6X,’FOR FOLLOWING SEAS THE FREQUENCY DOMAIN IS DIVIDED INTO •.

* ‘IHREE’/6X, *REGION5 SEPARA?ED BY TWO CRITICAL L/LAM DENOTED •,

* ‘CWRi AND CWR2.’)



5 F U R M A T ( 1 H 1 ,j 4 A 6 , 1 8 X ,A 6 , 14 / )
8 FORMAT(1H0,SX,’MOTIUN AMPLITUDES AND PHASES*/6x,*fN
* 6X.’BETA = •,F6,1/ 6X,’REGION’•Il.’ CWW1 = •,F9.4,~ CWR2 =

* F9.4//6X,*OM(GA*,5X,*L/LAM*,5X,*HEAVL * ,5X,*pHASE*,5X,aPITCH.,
* SX , ’PHA SE’ .4x ,  1H’ ,’PITCH* ,SX , *LAM,L*)
9 FORMAT (1MO,5*,*MOTION AMPLITUDES AND PHASES*/6x,*FN = ‘.F5.3/
* 6X,’BETA = ‘.16. 1//6X,’OMEGA’.5X,’L/LAM e,5X,’HEAVE~~,5X,

.pHA5E’,
* 5X,’PITCH’,SX,*PHASE’,4X,1P1*,*PITCH*,5X,*LA M/L.)

10 FORMAT (F11.4,F IO.4 ,F1O.5,F1O,3,f10.5 ,F1O,3 ,F10.5, f1O.4)
150 FORMAT (1HO,8Ox,23HHULL SEPARATION/BEAM = F7.4)

I)(1.EQ.O) CALL PGM1B
CUN AMP2/ VOL
CALL SOLVE (3.RF33,CON,1,NFN,1,NBTA,1,NFR)
DO 20 JJ 1,NFN
L~1T MIL (JJ)
If (LMT.LE.O) GO TO 20
DO 30 N=1,LMT
DO 30 MM=1,NBTA
EPH(JJ,N ,MM ) =EGH (JJ,N,MM)

30 EMP(JJ,N.MM) ENP(JJ,N,MM )
20 CONTINUE

NRAG NPAG+1
WRITE (6,5) (PA IT(I) •1 1,6) , (TITLE (I) .1 1,8) ,PATT(7) ,NPAG
WRITE (6, 150) PAT 10
W RITE (6,1)
pcR=O
NRAG NPA Ce 1
w~~ITE (6,5) (PATTCI ).I=1,6),(TITLE (I),I 1,8),PATT (7).NPAL)
W RITE (6,150 RATIO
DO 44 MM=~i ~ JB T A
DO 40 JJ~~1U~FN
LMT MIL (JJ)
If ( LMT.L E .O)  GO TO 40
LMP LMT .4
If (KASE(JJ ).NE.0) LMP=LMP.1
I~ (5 5— KR .GE.LMP) GO TO 43
K R O
NRA(i NPAG+ 1
WRITE (6,5) (PATT (I),1=1,6),(TITLL (I),1 1,8),PATT(7),NPAG
WRITE (6,150) RATIO

43 If(KASE (JJ).EQ.0) GO TO 41
W R ITE (6 ,8 )  F N(JJ ) , W ANG ( M M ) , K A S E C J J ) , C W R I ( J J ) , C w R 2 ( J J )
GO TO 42

41 WRITE (6,9) FN(JJ),WANG(MM )
42 WRITE (6,10) (OMEN (N),SWP (JJ,N,MM),EFfl (JJ,N,MM),EMP (JJ,N,MM),

* EMK (JJ,N,MM) ,RWS (JJ,N,MM ) ,N=1,LMT)
KW KR,LMP

40 CONTINUE
44 CONTINUE

CULL AERIRN
END
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SUBROUTINE NIL5 (NQS,MS,ST,OS,JFK)
DIMENSION ST(30),DS(30)

81 FORNAT (1,I0,5X,33HINCORRECT STATION SPACINGS - STO P )
1 DLI 5 K 1.?405
5 DS (K) 0.0

NSM=NOS- 2
NsX 2* (NOS/2)
Ir (NSX .EQ. NOS) GO TO 11
DO 10 K=1,NSM,2
DI ST ( K . 1 ) —ST ( K )
D~~ ST CK.2) —ST (K. 1)
IF (A8s(D1~ O2~~ GT•~~,0o1) GO TO 777
D0. l’D2’0. 16666667
Ds(K)=DS (K) +0
DS(K.1) 0S(K,1) +4,O’D
O s ( K+2 )  =DS (K.2) .0

10 CONTINUE
GO TO lB

11 I~~
( ( 2 * ( M S / 2) ) . EQ . MS) GO TO 12

M~ 1= MS—2
GO TO 13

12 Ms1=MS— 1
13 M52=M51.1

Ms3=MS2. 1
M5~~ MS3. 1
If((MS1.LT .3).OI.~.(P4S4.GT.NSM)) GO 10 777
M~ O MS1 —2
Du 20 K 1,MSO,2
DI ST (K. 1 ) —ST ( K )
D~~ ST (K.2) —ST (K.1)
Jr (At3S (Uj—02 ),GT .O .OO1) GO 10 777
fl ) . 1*02*0.18666667
D’~(K) 0S (K) .1)
D~~(K.1)=DS (Pc.1 •4.O’L)
D~~(K,2)=DS CK,2) .0

20 CONTINUE
DL ST (MS2 ) —ST (MS 1)
D~~ ST ( M S 3 ) — S T  ( M52 )
DJ ST (MS’.)—ST (MS 3)
I~ C (A ~3S (D1—O2).GT .O.OO1).O P.CABS (D2—u3).uT .0.O01)) GO 10 777
0 0.li’02’O.125
0-’ (MS1 ) US (MS1 ) +t)
D - , ( M S 2 ) = D S ( M S 2 )  .3.O’i)
D’ (MS3) 0S(MS3).3.O’O
D,(MS4) DS (MS4) +10
00 30 K=MS4.NSM,2
OI ST (Kel ) —ST (K)
D2S T  (K.2)—ST (K.1)
I~ (A~ S(O1—D2 ).GT.O .0Ofl GO 10 777D 0 .  1’D2’0. 16666667
D- ( K )  DS ( K)  .0

1) =DS (K,), ) +4 . O’I)
O s ( K + 2 ) = D S ( K , 2 )  ‘0

30 CONTINUE
7M J ’ K l

GO TO 77
777 JF pc =O

w-~ITE (6,81)
77 P~ TURN
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SUBROUTINE QOFCN
C

CUMMON/P4P1/ NPAG ,TITLE (8),PATT(7),RATIO
CUMMON/HP2/ ID,1G,IP,IND , ISO, ISTART .JA ,J8,JC,Ic,LP,MAXD,MONO,MS,
* NIX,NLOOP,NSD,NSO,NSTR,NUA
CONMON/HP3/ NOS,NM(30),BEAM (30),URFT (3O),APEA (30),MPS (30),
* AVB M(30) ,ST (30),IN (3O),SQAR (30) ,X(30,20) ,Y (30,20)
CUMMON/HP4/ NIJT,NON,NOE,XS (20),YS (20),*X (19),YY(j9),DEL (19),
* SNE (19),CSE (L9)
COMMON/HPS/ VOL,*IP,DST,PST,BAM ,DPT,AIR,AMP1,AMP2,DSC3O),Ss (3O)
CUMMON/)4P6/ NOW,NOL,NsP,NST,WINIc(5),SHLT(6),SPEED (6),STAT (20)
CUMMON/HP7/ NFN,NFNS,FN(6) ,FNS(6)
COMMON/HPB/ NBTA,NBTAs,NBTAT,NBTAQ ,wANGC8 ,COSBET 3),51N8Efl3
COMMON/HP9/ NFR,NFR5,OP4EN (]O) ,OMENS (30) ,OMIN,OMA*,00ME,OWAX
CUMMON/HP1O/ *ZFO,XZvL,XZHB , XZPB,KV,,cW
COMMON/HP 1 1/ CHRDA,THIcA,SPNA,FAL ,XZF A ,CLFA ,DEPA,FAY
COMMON/HPI2/ CHRDB ,THKB,SPNA ,FRL, XZFB.CLFS,DEPB ,FBY
COMMON/HP13/ t3RAV,DEPCAT,SDC6),RBMS1(10)
COMMON/HP14/ EL .GCB.GYR.RGY ,VCG,I3RCL,RF33,RP3S,RM5S
COMMON/HP1S/ 433(30),435(4,30),A53(4.30),A55(4,30),C35S,CS5S.

* 833(4,30,3),835(4,30,3),b53(4,30,3),B55(4,30,3)
COMMON/HP16/ AHP (30),DHP(4,30),AP(30),OP(4,30)
COMMON/HP17/ OMEGA,UN,PAH (19).PVH (19)
CUMMON/HP18/ ALOG(19,19) ,YLOG (19,19)
CUMMON/HP19/ KASE (4),P4IL(4),CWR1(4),CWR2 (4),WFP(4,30,3),
* WN (4,30,3),SWR(4,30,3),RWS(4,30,3)
COMMON, ’P20/ II,EFI1C4,30.3) ,EMP(4,30,3) ,EMK(4,30,3)
CUMPLEX II,EFH,EMP

C
C END OF COMPON DECK
C (MAKE ALL CHANGES ABOVE THESE CARDS )
C

CUMMON/ENDCOM/ENDCUM
C

DO 10 JJ=1,NFN
KASE .CJJ =KASE C 1)
MIL(JJ) =0
CwR1 (JJ) 0.O
C~ R2 (JJ) =0.0DO 10 MM 1,N BTA
DO 10 t’4=1,NFR
wFR(JJ,N,MM ) =0.
W N(JJ ,t4, MM) 0.

10 SWRCJJ,N,MM ) 0.
If( JC.EQ.2) GO 10 2
DO 20 JJ 1,NFN
M1L (JO) =NFR
DL) 20 MM 1,NBTA
FNC=FN (JJ)’COSRET (MM )
IF(ABS (FNC).LE.1.E—O6) GO TO 31
DO 30 N=1,NFP
TAU OMEN (N) ‘FNC
WFR (JJ,N,MM)= .5*(1.—SORT (1.—4.’TAU))/FNC
W~d( JJ,N,MM ) WFR (JJ,N,MM )’WFR (JJ,N,MM)

30 SW R(JJ ,N ,MM) =WN (JJ ,N,MM)/6.2 83 1853
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GO TO 20
31 DV 35 NzI,NF R

WF R (JJ,N,MM ) ~OM~N (N)
WN (JJ,N,MM) ZOMEN (N) ‘OMEN (N)

35 SWR (JJ,N,MMI—wN (J,J.N,MM)/6.28318~ 320 CONTINUE
GO TO 7

C
C FO~..LOWING SEA CALCULATIONS
C

2 CONTINUE
DL) 40 MP4s1,NBTA
CUSB~COSBET (MM )
00 40 JJzI,NF N
FNC~FN ( J j )  *CUSB
CRT .25/FNC
CWR1 (JJ) 2.O’CRT”2/3.1415927
CWR2 (JJ)z4.0*CWR1 (JJ)
DO 60 N 1,NF R
1F(KASE (1).NE.3 •AND. OMEN (N).GT.CPT) GO TO 40
MIL (JJ)=MIL (JJ) .1
TAUzFNC*OMEN (N)
IF IcASE U).Eo.1) wFR (JJ,N,MM )= .S*(1.’SORTCA. —4.*TAu ))/FNC
I I( KASE (I).EQ.2) WFR (JJ,N,MM)=.S’(1.—SQRTU.—4.’TAU))/FNC
If( IcASE (1).EQ.3) WFP (JJ,N.MM)= .S*(I.,SQRTU•.4.*T#u))/FNC
WN(JJ,N .MM) WFR (JJ,N,MM )*WFP (JJ,N,MM )
SWR(JJ,N,MM ) WN(JJ,N,MM)/6.283 1853

60 CONTINUE
40 CONTINUE
7 RtTURN

E N U
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SUBROUT INE rRANK
C

CUMMON/HP1/ NPAG,TITL.E (8) ,PPiTT (7) ,RATIO
CUMMON/HP2/ ID. IG,IP,IND,ISD,ISIART,JA,JB ,JC,pc,LP,MAX D,MoN0,Ms,
* NI X,NLOOP,NSD,NSO,NSTR,NUX
CUNNON/I4P3/ NOS,NM (30),BEAM (30),DRFT (30),AR (A(30),MPS(30),

* A V B M ( 3 0 ) , S T ( 3 0 ) , I N ( 3 0 ) , S Q A R ( 3 0 ) ,x ( 3 0 , 2 0 ) , Y ( 3 0 , 2 0 )
CUMNON/11P4/ NUT,NON,NOE,X5 (20),YS (20),XX(19),YYCI9),DLL (19),

* SN E( 19 ) .CSE ( 19 )
CUMMON/HP5/ vOL,XIP,DST,PST,BAM,DPT.AIR,AMP1,AMP2,D5C3O),ss (3o)
CUMMON/I$P6/ NOW,NOL,NSP,NST,W1NK(5) .SHLT (6) ,SPEEO(6) .STAT (20)
CUMMON/HP7/ NFN,NFNS,FN (6) ,FNS(b)
COMMON/HP8/ NBTA,NBTAS,NBTAT,NBTAQ,WANG(8),CQSHET(3),SINRET (3)
COMMON/HP9/ NFR,NFRS,OMEN (30),OMENS (30) ,OMIN,UMAX,00ME,OWAX
CUMP4ON/I-$P10/ XZFO,XZvL,XZHB,XZPB,Kv ,KW
CUMMON/HP1 1/ CHRDA,THKA,SPNA,FAL,XZFA ,CLFA ,DEPA,FAY
COMMON/HP12/ CHRDB, THKB,SPNB,FBL,X ZF B,CLFB,DE PB,FBY
COMMON/HP13/ GRAV,DEPCAT,5D (6),RI3MSTCIO)
COMMON/HPI4/ EL,GCB,GYR,RGY,VCG,BRCL,RF33,RP3S,RMSS
CUMMON/riPl5/ A33(30),A35(4,30),A53(4,30),A55(4,30),C3SS,C5SS,
* 833(4,30,3),835C4.30.3).853C4.30,3),B55 (4,30,3)
COMMON/ 1P16/ AHP(30) ,DHP(4,30) ,A PC3O ) ,DP(4,30)
CUMMON/HP17/ OMEGA,UN,PAH (19) ,PVII(19)
COMMON/HP1S/ BLOGCI9,19),YLOG (L9.19)
CUMMON/HP1~ / KASE (4),MIL(4),CWR1 (4),CWR2 (4),WFR(4,30,3),

* W N (4 , 3 0 ,3 ) ,S W R (4 , 3 O .3 ) , RW S (4 ,3 0 ,3 )
COMMON/HP2O/ II,EFH (4,30,3) ,EMP(4,30.3) , E M t c ( 4 , 3 0 , 3)
COMPLEX II.EFM,EMP

C
C END OF COMMI1N DECK
C (MAKE ALL CHANGES ABOVE THESE CARDS)
C

CUMMON/ENDCOM/ENDCUM
C

COMPLEX CE*H (4,30,3) ,CEXM(4.3O,3) ,EKXCD,EKLDY,F35,G35,IDW,P3.XU
9 FORMAT(jHO ,5X,31HMATRI* IS SINGULAR FUR OMEGA = 17 . 4)

X1P2=*IP’XIP
CMUNO 1
IF(MONO .EQ.2 CMONO 2.
SA REA APEA (K) ‘BEAM (K) ‘DRFT (K)
IF(BEAM (K) .LE. i.E—OR) SAREA=AR EA K)’DRFT(K)*’2
If (MPS ,c).NE.1) CALL FINIT
DO 10 N=1,NFP
OMEGA OMEN (N)
U N O MEGA ‘ONE GA
IL)W 1 I/OMEGA
I)(MPS(K).NE.1) GO TO 12
DHHA EMK (1 ,N,1)
DPIHB EMK (2,N,1)
GO TO 17

12 CALL PRESS
IF (ID.EQ.1) GO TO 11
WRITE (6,9) OMEGA
GO TO 77
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11 DPfHAaO.O
DPIHB O.O
DO 20 Ia1,NON
CUN CMONO ‘DEL ( I)  ‘CSE ( I )
DPIHAaDHMA,CUN*PA H ( I)

20 DPIHB=DHHB.CON*PVH (I)
IF MPS ,c .ME. 2) GO TO 17
EMK (1 IN,1 ) aDHHA
EMK(2,N, 1 )=DHHB

17 DrIPA=—XIP*DMHA
DHPB=—X IP.DHHB
DRPA X I P2*DHHA
DPPB=XIP2’DHHB
A 33CN)=A33 (N) •DST’OHHA
ArIP (N) =AMP (N) .DST’OHPA
A~ (N) AP (N) ‘DST*DPP A
DO 30 JJ=1,NFN
*U —XIP—IDW’FN (JJ)
CUNST O.
CUNSA O
If CK .GE.Icv .AND. K.LE.KW) GO TO 90
CUNST=UN’SAREA*XZHB’FN (JJ) *CMONO
CUNSA = XZPB * CONST

90 833(JJ,”1.1) B33(JJ,N,1)+DST* (DHHB’CONST)
DR ( JJ,N) =DP C JJ ,N) ‘DST’ C DPPB.CONSA*x 1P2)
DP-1PCJJ,N)=DHP (JJ,N).DST* (DHPB~ xI P*CONST )

89 IF (MIL(J J ) .LT , N) GO TO 30
DO 33 MM=1,NBTA
Ck)SB COSBET (MM )
S.NE3 =S INBET (MM )
W N T WFR (JJ ,N,MM)
WNO WN(JJ,N,MM)
LKXCD=CE*P (I I’WNO’XIP’COSB ) ‘DST*CMONU
IF (MPS (K .NE.1 GO TO 42
F35=CEXH (JJ,N,M M)
GJ5 CEXM (JJ,N,MM)
GO TO 180

42 F35 (O . .O ,)
G35= (0. .0.)
If (M ONO ,NE,1) GO TO 32
DO 41 I=1,NON
EISZDY CEXP (WNO* (YY (I)—II .XX (1 *SINB))*DEL U
E 1A2S —SNE (I) ‘SINB
Pi=CMPLX (PAH(I) ,PVHCI))
CSEI =CSE ( I)
F i5=F35.CSE I’EKZDY
G35=G35,P3* (ETA2S’I I’CSEI ) ‘EK?DY

41 CONTINU E
GJS I I*WNT/OMEGA*G35
GO TO 18

32 DO 31 1 1 , NON
E1S ZU=EX P (WN O’YY (I)) ‘DEL (I)
CA YYS=W N O eXX (1 •S INB
CLOSK CSE (I) ‘COS (CAYYS)
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SINKYSaSIN (CAr(S)
C NOT(— ETA2a—SNEII), EIA3aCSEII)

EtA2Sa~SNE (I) ‘51N8
PJ CMPLX(PAH (I) ,PVH (j))
F35zF35.CCOSIc.(KZD
G35aG35, (—CCOSK.ETA2S’SINIcYS) ‘EKZD’P3

31 CONTINUE
GJ 5zWNT /OMEGA*G35

18 IF(MPS(K).NE.2) GO TO 160
CEX H ( JJ ,N,MM ) aF3S
CEXM(JJ ,N,MM)i G3S

160 EFH (JJ,N,MM )ZEFH(JJ,N,MM ),EKXCD*1F35.G35)
EMP(JJ ,N,MM ) =EMP(JJ .N,MM) .EKX CD*(—X IP* F35 .X IJ ’ 035)

33 CONTINUE
30 CONTINUE
10 CONTINUE
77 Rt.TURN

E NI)
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SUBROUTINE FINIT
CUMMON/HP2/ ID,IG,IP,IND,ISD,ISIART,JA,JB,JC,pc,LP,MAXD,MONO,MS,

* NIX,NL.OOP,N5O,NSO,NSTR,NUX
CUMMON/HP4/ NUT,NON,NOE,XS (20),YS (20),XX119),YY(19),DLL(19),
* SNE (19).CSE(19)
COMMON/HP18/ BLOG(19,19) ,YLOG(19,19)
DIMENSION X (20),Y (20)
EQUIVALENCE (*S.*),(YS.Y)
PIi3. 1415927
DPNL*O.
DCNL=O .
PPL=O.
PCLzO.
00 10 I=1,NON
XM 1=XX (I) — X l i )
YM 1 Y Y  ( I)  — Y ( 1)
Y R1 =Y Y ( I)  •Y ( 1)
FRR1= .5*ALOG (XM1’*2+YM1”2 )
FCR1= .S’ALOG (XMI**2,rPl**2)
ARP1=ATAN2 (YM1 ,XM1 )
AC R1=ATAN 2 (YP1 ,XM1)
IF( I  .GE . MA XO) GO TO 30
If (Y M I  .LT.O.) AP PI APR 1,2. *PI
If (Y P I ,G E . 0.) AC R1 —P I

30 CONTINUE
IF(MO NO .EO. 1) GO TO 35
X P I = X X ( 1 )  .X ( 1)
FRL1= .5aALOG CXP1’*2+YM1*’2)
FCLI= .5’ALOG (*P1’*2.YP1’*2)
ARL I=ATAN2 (YM1 .XP1)
ACL I=A IAN2 CYP 1 ,*P1)

35 CONTINUE
DO 10 J=1,NON
X~12=*X (I) — XC J’ 1)
Yi~12=YY(I)—Y CJ ,1 )
YR2~~YY (I) ‘Y (0. 1)
FRR2= .5*ALOG (XM2**2.YM2*’2)
FCR2= .5*ALOG CXM2*’2.YP2*’2)
ARR2=ATAN2 (YM2,XM2)
If U .&E. MAXO) GO TO 20
Ji 1=J’l
I P ( 1  •GE . 011 .AND. APR2 .LE. 0.) APR2=APP2.2.’PI
If (Jil .61. MAXO SAND. APR2 .LT. 0.) A PP2=APR 2’2. ’PI
UIP= (APRR—APR2) *10000.0
ZIP=IZIP
ZIP ZIP/10000.0
IF (ZIP .61. P1) APR 1=APP1—2.’PI
If(XM2 .61. 0.) GO TO 4
GO TO S

20 JI J’i
If (XM2 .61. 0.) GO TO 4
If (J i .GT. I) GO TO 6

C •*“ C .RDS BELOW ARE FOR CONVEX OP CONCAVE TOP rThCK **~~
IF(YM2 .LT. 0.) APR2=APR2.2.’PI

59



GO TO S
C ••“ CARDS BELOW ARE FOR CONVEX ,FLAT OR CONCAVE BOTTOM “

6 I~ (YM 2 .GE . 0. AP R2~ APR 2—2. ’PI
S IF (YP~ ~~~~ 0,) SO TO 4

ACR2x~ PIGO TO 3
4 ACR2=ATAN2 (YP2,XM2)
3 SIMJ SNE(I)’CS((J —SNECJ)’CSE (fl

C1MJ CSE (I) ‘CSE (J) ‘SNE (I) ‘SNE (J)
SIPJ=SNE (I) ‘CSE(J ‘SNE (J) *CSE (I)
CL PJ=CSE W’CSE(J —SNECI)’SNE (J
DRNR=SIMJ* (fPR1—FPR2 ) .CIMJ* (APRI—APR2)
PRR C5E(J)* (XM)’Fpp1—YM1.APR1—xM1—XM2’FPR2.yM2*ApR2.XM2),SNE (J)’ (Y

1MI’F PRl .XM1 ’APRI—YM1—YH2*FPR2—XM2*APR2 .YM2 )
DCNR=SIPJ’ (FCRt—F CR 2) .CIPJ’ ( ACR1-’ AC R2)
PCR CSE (J) * (X M1* FC R 1—Y P 1*AC R1—X MI—X M2* FCR2 .YP 2 ’AC R2 ,XM 2 ) .SNE (J * (V
1P2’f CR2’XM2 ’ACR2’yPl—Y P1*FCR1—xMl*ACRI—YP2

j f  (MONO •EO. 1) GO TO 37
XR2 XX C I ) .X (J’l)
FRL2= .5’ALOG (*P2**2.YM2**2 )
FLL2= .S’ALOG C *P2”2,YP2”2)
APL2=ATAr 2 (YM2,*P2)
ACL 2=ATAN2 (YP2,XP2)
DRNL=SIPJ* (FPL2—FPL1) .CIPJ’ (APL2—APL1)
PRL CSE (J)* (Xp2*FpL2—yM2*ApL2~~*p2~~XpI*FpL1 .yM I*ApL1,X p1),SNE (J)* (’y
iN ! ‘F PL1 ‘xPl’APLl ‘YM2— ’rM2*FPL2—xP2 *APL2—YM1
DLNL=SIMJ* (FCL2~ FCL1) .CIMJ* (ACL2—ACLI )
PCL=CSEtJ~ *(xP2*FCL2_ ’yP2*ACL2_xP2_xPk*FCL1,YP1*ACL 1,XP1 ),sNE J)* (y

1 P2’FCL2 .XP2’ACL2—vP2—YP1’FCLI—xPl*ACL1 ‘YPi)
37 CONTINUE

BLDG (I .0) =D~ NR’OPNL—DCNR—DCNL
YLUG (I, 0) =f±P.PPL—PCR—PCL
Ir (J.E Q.NON) GO TO 10
*I1=XM2
V ?~1 1= Y N 2
FRRI=FPP
FL R 1= F C P2

C “ NEXT CARD HANDLES ANGLE DIFFERENCE ACROSS MAXD POINT **“
j r CI .LT. MAXD •AND. (J’I).EQ. MAX U .AND . APR2 •LT. 0.) APR2 APR2

I’ 2.’PI
A RR1 =APR2
ALP I ACR2
YRI YP2 

-

IF (MONO .E0. 1) GO 10 10
XRI=XP2
FRLI =F PL2
FCLI=FCL2
APL 1 APL2
ALL 1 4CL2

10 CONTINUE
Pt T URN
E~ U
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SUBROUT INE PRESS
CUMMON/I1P2/ IO,IG,IP,IND,ISO,ISIARI,JA,JB ,JC,K,LP,MAXD,MONO,MS,
* NIX,NLOOP,NSD,NSO,N5TR,NUX

CUMMON/HP4/ NUT,NON,NO E ,* S ( 2 0 ) ,Y S ( 2 0 ) ,X x ( 19 ) , Y Y ( 19 ) , D E L ( i 9 ) ,
* SNE (i9).CSEC19)
COMMON/HPI7/ OMEGA,UN,PAH(19),PVH (i9)
CUMMON/HP18/ BLOG (19,19),YLOG (19.19)
DiMENSION CON (38,1),CT (38,38),SOURU9,19),WAVE (i9,ig)
DIMENSION INDEX (38.3)
DIMENSION X (20),Y(20)
EIJUIVALENCE (XS.X).(YS,Y)
DPL O.
PPLzO.
DW L O.
P*L=O.
DL) 10 I 1,NON
NI NON’ I
CON (1,1) =0.0
CON (NI.!) *OMEGA*CS ( (1)

22 X~ 1=UN ’ (XX (i )—X C1 ))
yR1 — IJf4* IVY (I) ‘V (1)
CALL DAV ID (XR1,VP1 ,EJl,CXR1,SXR1,PAR I,RBRI,CR1,SP1)
If (MONO •EO. 1) GO TO 37
XL 1=UN’ ( X X  ( I)  ‘X l i) )
YL J=YRI
CALL D A v I D ( X L I  ,Y L1,EJI,CXLI,SXL 1,RALI,RBL1,CL1,SLI)

37 CONTINUE
DO 10 i=1,NON
NJ NON’J
Sir J=SNE ( I)  ‘CSE (J) +SNE (J)’CSE (I)
CIPJ=CSE U ’CSE U —SNEW*SNEu
XR2=IjN* (XX (I)~~X (J+1 )

IVY ( I)  ‘V (J ’ l) )
CA LL DAVID  (X R2,Y R2 ,EJ2 ,CXR2 ,SX R2 ,RAP2 ,RBR2 ,CR2 ,SR2)
DRP 2.*(SIPJ*CCPI_CR2 )_CIPJ* (SR1_SP2))

DWR 6.2831853’ (EJ2’ (S*R2*CIPJ—CXR2’SIPJ)—EJ1’(SXR1*C1PJ—CXR1*SIPJ)
I)
PWR 8.2831853/UN* (EJL* (SXR1*CSE (J)—CXR1*SNE (J))—EJ2’ (SXR2*CSE (J)—
1CXR2*SNE (J)))
I~ (MONO •EQ. 1) GO TO 38
S LMJ =SNE ( 1)  ‘CSE CM —SNE U) *CSE ( 1)
Cl MJ=CSE (I) °CSE ( J) ‘SNE ( I) ‘SNE 1 J)
XL2 UN’(XX Cl ) ‘X (J.i))
V L2 V P2
CALL OAV [O (XL2,YL2,€J2,CXL2,SXL2,RAL2,PRL2,CL2,SL2
DRL=?.* (CIM J* (SL1_SL2 )_SIMJ* (CL1—CL2))
pRL~~~./(JN* (5NE (J)* (RALj—R4L2 ),C5E (J)* (R9L2—R8L1)))..L 6,2f33i8S3* (EJ1* (SXL1*CIMJ—CXL1*5IMJ)—E J2* (SXL2*CIMJ~ C*L7*5IMJ)1)
P*L=6.?83if453/UN* (1J2’(5XL2*CSE (J),CXL2’SNE (J))—EJ1’(SXL1.CSL (J),

1C~ L1’SNE (J)))
3M CONTINUE
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CII I ,J) aBLOG ( I ,J) .DPR.DPL
c r u ’41,NJ)acT (I,J)
cr (I,NJ)=owp,owL
CT (NI,J)a—C)(I,NJ)
SOUR (I ,J ) aYLO G ( I  ,J ) .PPR.PPL
W AVE (I ,J) aPWR,PWL
IF (J.EQ.NON) GO TO 10
XPI1 XR2
Y P( 1=V R2
EJ1=EJ2
CR1 CR2
SRI SR2
PAR 1=RAR2
RI3R1 =RBR2
CXR1=CXR2
SXR 1=SXR2
IF (MONO .EO. 1) GO TO 10
XL 1= XL2
YL I YL2
CL1~~CL2
SL1 SL2
PALl =RAL2
PBL 1 =RBL2
CXL 1=CXL2
SXL1 S*L2

10 CONTINUE
CALL MATINS (CT,38 ,NOE,CON, I,! .DTb~M,  LU,  iNDEX)
G UTO ( 11 ,77 )  .ID

11 00 20 I=i,NON
PAt-$ ( I ) 0.0
PVH ( I)=0 .u
DL) 30 J=1,NON
NJ NON’J
PA H (I)=PAH(I).CON (J,1)*WAVE (I,J)—CON (NJ,L)’SOUR (I,J)

30 PVH ( I)  = PVH( I)  .CON(J, I) ‘SOUP (I .J) +CON (N J ,  1)  ‘WAV E I l  , J)
PA P-I (1) ~OMEGA*PAH (I)

20 PVH (l)=OMEGA*PVH (j)
77 Re.TUPN

E ND
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SUBROUTINE DAV ID (X ,Y,E,C,S,RA,Rf3,CIN,SON )
C DAVID — COMPUTATION OF FREQUENCY DEPENDENT PARTS OF
C 2—0 POTENTIALS AND KERNELS

DIMENSION F(5),D(5)
DATA (F(I),IaI,S)/O.52175561,0,39866681,0.07594245 ,

0.003611758,0,000023369972/
DATA (0(I) .1 1,5)/O.26356032,1. 4 134031,3.5964258 ,

7.08581,12.640801/
Q 3 •  1415927
A T ATAN2 (*,Y)
ANG AT— O .5*0
E EXP (—V )
C COS (X)
S S I N ( X )

A L O.S’ALOG CR)
4=— V
8 — X
I~ (A .GE.0. O ) GO TO 78
1FU3.EQ.0.O) GO TO 79

78 I’- (R.GE.i00.) GO TO 10
79 Tt.ST=0 .00001

I~ 
(~~.L1.1.0) GO 10 5

Tt5~ =O.1*TEST
I~ 

(
~‘ . L T . 2. O)  GO TO S

Tt.ST=0. 1*TEST
1’- (k .LT . 4 .O) GO TO S
TtST=0. L’TEST

5 CONTINUE
SUMC=0 .57721566.AL,Y
SJMS=A r.x
TL~~V
T 5 *
DO 1 K=1,500
T J=TC
C * = K
C~ Y k .  1
F~ CT COX/CAV”?
TL FACT ’ (V’TC—X ’TS)
Ts=FACI* (V’TS.x’TO)
S UMC = S UNC + IC
S UMS = SUMS + I S
If (‘< .G E.SOO) GO TO 3
If (CABS (TC)+ABS (TS)).GT.TEST ) GD TO 1

3 CLN E* (C*SUMC,S’SUMS)
SON E° (S ’SOMC— C’SU MS)
GO TO 4
CONTINUE

10 G1~~).
G~~ O.
DO 20 1=1,5
DtN ( — Y ’ D (  I ) )  “2’*”2
G A F  ( I) * ( — V ’ D  ( I ) )  /DEN
G~3 F  (I)*(_X )/DEN
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Gt G1 .GA
20 G~~ G2.GB

C IN E*Q*S~ G1
SON:— (E’U’S+G2 )

4 RM:AL~ C1N
Rt4 ARG.SON
Pt. TURN
E ~ U

FUNCTION ATAN3(Y, *)
C AI N3 — MODIFICATION OF ATAN2 . SETS ATAN2(0.,O,)=o,

IP- C V ) 1,2.1
2 I F ( X ) 1 , 3 , i
3 A IAN3=O,O

GO TO 4
1 A IAN 3=ATAN 2 (Y ,x )
4 Pt.TURN

E ~D
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SUBROUTINE NATINS (A,NR,Ni,B,NC,MI,OfLTERM,[0,INOEX)
C MATRIX INVERSION WITH ACCOMPANYING SOLUTION OF LINEAR EQUATIONS
C PIVOT METHOD
C FORTRAN IV SINGLE PRECISION WITH ADJUSTABLE DIMENSION
C FtBRUARY 1966 S GOOD DAVID TAYLOR MODEL BASIN AM MAT4
C WHERE CALLING PROGRAM MUST INCLUDE
C DIMENSION A (NR,NR). 8(NR.NCI, INOEX (NR.3)
C N IS THE ORDER OF A
C M IS THE NUMBER OF COLUMN VECTORS I N  B (MAY BE 0)
C DETERM WILL CONTAIN DETERMINANT ON EXIT
C ID WILL BE SET BY ROUTINE 10 2 IF MATRIX A IS SINGULAR
C 1 IF INVERSION WAS SUCCESSFUL
C A TH E INPUT MATRIX WILL BE REPLACED BY A INVEPSEE
C B THE COLUMN VECTORS WILL BE REPLACED BY CORRESPONDING
C SOLUTI ON VECTORS
C INDEX WORKING STORAGE ARRAY
C IF IT IS DESIRED TO SCALE THE DETERMINANT CARD MAY HE
C DELETED AND DETERM PRESET BEFORE ENTERING THE ROUTINE
C

EUUIVALENCE (IROW,JROW), (ICOLUM,JCOLUM), (AMAX, I, SWAP)
DIMENSION A (NR .NR), B (NP,NC), INDEX (NR,3)

C
C INIT iALIZATION
C

M M 1
DLTE RM=1.
00 20 J=L ,N

20 INDEX(J,3 ) = 0
00 550 I=1,N

C
C StARCH FOR PIVOT ELEMENT
C

A MAX 0.0
DL) 105 J=1.N
l~~~INDExU.3’— I) 60, 105, 60

60 DO 100 K 1,N
IF (I NDEX.(K,3)— 1) 80. 100, 715

80 IF C A MAX —ABS (A(J,K))) 85, 100. 100
85 I”~OW=J

IC0LUM =K
A MAX ABS (A(J,K))

100 CONTINUE
105 CUNTTNUE

I~ DEX (ICOLUM,3) = INDEX (ICOLUM,3) .1
INDEX (I, 1) =IROW
INDEX 11,2 )  =ICOLUM

C
C INTERCHANGE ROWS TO PUT PIVOT ELEMENT ON DIAGONAL
C

IF (IROW— ICOLUM ) 140, 310, 140
140 DtTERM -DETEPM

DO 200 L 1,N
SwAP A ( IROW .L)
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A l IRO W,L) =A ( ICQLUM,L)
200 A ( ICO L U M,L ) = SWA P

IF (M) 310, 310, 210
210 DO 250 L 1 ,  N

SwAP=B (IROW,L)
BC IROW.L) 8 C ICOLUM,L )

250 B (ICOLUM ,L)=SwAP
C
C DIVIDE PIVOT ROW BY PIVOT ELEMENT
C

310 PIVOT A(ICOLUM,ICOLUM)
D~.TERM=DETERM*PIVOT

330 A ( ICOLUM , ICO LU M)=I .0
DO 350 L=1,N

350 A (ICOLUM,L) 4 (ICOLUM,L),PIVOT
If CM ) 380, 3~ 0, 360

360 Do 370 L 1,M
370 B C ICOLUM,L) B (ICOLUM,L) ,PIVOT

C
C Rt.OUCE NON—PIVOT ROWS
C

380 Do 550 LI=1,N
If (Li— ICOLUM) 400, 550, 400

400 T A (L1.ICOL UM)
A l L !  , ICOLUM)=O. 0
DO 450 L 1,N

450 A (L1.L)=A (Ll.L)—A (ICOLUM.L)*I
If (N) 550, 550, 460

460 Du 500 L 1,M
500 B (LI .L’ ~B (Li .L) —B ( ICOLUM,L) *1
550 CUNTI N~~

C
C I 4TEPC HANGE COLUMNS
C

00 710 I=1.N
L N .l—I
If CINDE X (L,1)—INDEX (L,2)) 630, 710. 830

630 JRUWZINI)EX (L,1)
JLULUM INDEX (L,2)
Do 705 K=1,N
Sw A P~ A (K,JR 0W)
A (K,J~ QW )=A (K,JCOLUM )
A (K,JCOLUM ) SwAP

705 CONTINUE
710 CONTINUE

Do 730 K = 1,N
If(INDEX (K,3) —1 ) 715,720,715

720 CONTINUE
730 CONTINUE

ID = 1
810 PLIURN
715 Ii) =

DO TO 810
t. NO
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OVERLAY (4,0)
PP~OGRAM PGM4

C
CUMMON/HP1/ NPAG ,TIILEC8 ),PATT (1),RATIO
CUMMON/HP2/ IO,IG,IP,IND,ISD,ISTAPT,JA ,JB ,JC,Pc,LP,MAXD ,P-,ONO,Ms,

* NIX,NLOOP,NSD,NSO,NSTR,NUX
CUMMON/HP3/ NOS,NMC3O),BEAM (30),DRFT (30),APEA (30 ,MPS (30),
* AVBM (30),ST (30),IN (3O),SQARC3O),X (30,20),Y (30,?u)
COMMON/HP4/ N (JT,NON,NOE,X5 (20),YS (20),XX (19),YV(19),DEL (19),
* SNE (19).CSE (19)
CUMMON/HPS/ VOL,X1P,DST,PSI,BAM ,DRT,AIP,AMP1,AMP2,DS (30),SS (30)
COMMON/HP6/ NOW,NOL,NSP,NST,WINPS (5 ,SHLT (6),SPEEO (6) .STAT (20)
CUMMON/$-4P7/ NFN,NFNS,FN(6) ,FNS(b)
CUMMON/HP8/ NBTA,NBTAS ,NATAT,Nf31AQ ,WANG (8),COSBET(3 ),SINRET (3)
CL)MMON/HP9/ NFR,NFRS.OMEN (30),OM [NS (30) ,OMIN ,UMAA, 00ME,OWAX
CUMMON/P-sPlO/ XZFO,XZvL,XZHB,XZPH,KV ,Kw
CUMMON/8P1 1/ CHRDA,TPIKA,SPNA,FAL ,XZFA,CLFA ,DEPA,FAV
COMMON/HP12/ CfIRDB, THKB,SPNR ,FBL,XZFtS,CLFR,DEPB,FBV
CUMMON/HP13/ GRAV ,DEPCAT ,SQ(b) ,RBMST (iO )
CUMMON/HP14/ EL,GCB.GVR .RGY , VCG ,BRCL ,NF33,RP35 ,PM55
COMMON/HP1S/ 433(30),A35(4,30),A53(4,30),A55(4,30),C355,C5SS,
* 833(4,30,3),835(4,3U,3).853(4,30,J),855 t4,J0,3)
CUMMON/P-iPi6/ APIP(30) ,DHP(4,30) ,AP (30) , D P ( 4 , 3 0)
CUNiMON/HP17/ OMEGA,UN,PAH (19) ,PVH (19)
CUM MON/HPIM/ BLOG (19,19),VLO& (19.19)
CU MMON/~-$P1’~/ PcASE(4),MIL (4),CWR1 (.),CWRZC4),WFP (4,30.3),

* WN (4,30,3),SWR (4,30,3),RwS(4,30,3)
CUMMON/rlP2O/ I1,EFH (4,30,3) ,EMP 4,30,3) ,LM,c(4,i0,3)
CJ~-1PLEX II,EFH,EMP

C
C END OF COMMON DECK
C (

~~/‘~~E ALL CHANGES ABOVE THESE CARDS)
C

COMMON/ENDCUM/ENDCOM
C

DI MENSION LLT (2),LUT (2),XLC50).YL(50),TITL(8)
DIMENSION BX (30)

1 FURMAT( I9,F9 .4)
Ir (LP .LE.0 SAND. IP.LE.0) Go TO 17
Ir (IST A RT ,GI.0) GO TO 9
ISTA RT=1
U IA X = O W A X
PtAD(5,i004) NAME 1,NAME2,NAME 3

1 004 FUPMAT(3A 10)
CALL CAMRAV (35)
C’~LL IDFRMV (NAME I ,NAME2,NAM€3)

9 E~~CODE (48,8,TITL) TITLE
8 FORMAT (8A 6)

CALL FRAMEV (3)
M~K1=63M~ K2=38
IF(LP.LE.0) GO TO 77
DL) 100 JIC=1.NOS
NUT NM (JIC)
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BX(JIC) a 0.
IF (NUT .LE. 0) GO TO 100

DO 101 pcICal,NUT
101 X L ( K I C ) X ( J I C ,X I C )

XSM XMIN (NUT,XL )
XL(i XMAX (NUT ,XL)
BA (JIC) :XLG—XSM
BA (JIC ) =ABS CBX (JIC))

100 CONTINUE
HAM XMAX (NOS,BX)
D IM=XMAX (NOS,DPFT)
RG=1 .2’AMAXI (HAM,DTM )
LLT C I ) 1
LLT (2) MS
LOT (1) M5
LOT (2):NOS
XB=O.
X T R t,
Do 5 LL I,2
LIL LLI (LL)
LiU 1’JT~ LL )
CALL GRID1V (3 .X8,XT,—RG,O.,PG,RG .—0 ,—U,0,0,1,1)
CALL P~~INTV 

(48,TITL,320,i014)
I~ (LL.&T.1) GO TO 8
CALL PRINTV (-1 6,I6HFORWAPD STATIUNS,445,9)
GO TO 7
CALL PRINIV (-12,I2HA FI STATIUNS,465,9)

7 Do 10 ~=LTL,LTU
IC HEAM CK .LT.O.) GO TO 10
If ~NM (K) .GE.0) GO TO 11
HHM O,5*dE~~M(K)
SUR AREA (K)
TAR DRFT (K) /HBM
83.’Cl .i~~R)C 1  • +TA r (~ 0, 10.185916*50R+TAR)
AP- LA=O ~5* C 8—SORT (C)
A~~~2.’ (A FLA—T AR )— 1 .
HL=2.’ ( 1..TAW—A FLA )
A V=~~,*AFL4—TAP— 2.
~-I

XL (1) 0.
YL (1) ‘)RFT (K)
DO 12 J 2,20
AH(, ARG.O .078539817
St L SIN (ARG )
Ctl —COS (ARG)
St 2=SE 1 ‘SE 1
Ct2 CEI* ~E1
XL (J) SEI* (AX+BZ*5E2) ‘P-IBM
YL (J) CEI’ (Ay.BY’CE2) ‘HAM
IP- (YL (J).LT.0.O) GO TO 12
YL (J) 0.0

12 CUNT1 I~UE
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XL ( 2 1 )  :MHM
YL (21):0.
I~~(LL.EQ.1) GO TO 3
DL) 2 J:i,21

2 XL (J)~~~XL (J)
3 DO 13 J= 1,20

13 CALL UOTLNV (NXV (XL(J)),NyV (YL (J)),NXVCXL (J,1)),NYV (yL(J .1)))
CALL APLOIV (21,XL,YL,I,1,1,NRIc2,IERR)
GO TO 10

11 NUT NM (K)
IF (NUT .EQ. 0) GO TO 10

NON NUT— 1
SIGN=1,
If (LL.EQ.2) SIGN —1 .
HRG .5*RG
DO 14 J 1,NUT
XL (J) SIGN’X (K,J) .HRG

14 YL(J) Y (K,J)
DO 15 J 1,NON

iS CALL LINEv (NXv(XL (J)) .NYV (YLCJ)),NXV (XL (J .i)),NYVCYL (J+1)))
CALL APLQ1V (N (jT,XL,YL,1,1,1,MRK1,IERR)

10 CONTINUE
‘5 CONTINUE

777 CALL FRAMEV (3)
CALL PLIND (0 )

77 CONTINUE
CALL AEISKC 5LMOT3S
E “iD
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OVERLAY ( 5 , 0 )
P~4OGRAM PGM5

C
COMMON/MP h NPAG,TITLE (8) ,PATT (1) ,RAT IO
COMMON/P1P2/ ID,IG,IP,IND,ISO,ISTART,JA ,JB,JC,K,LP,MAXD,MONO,MS,
* NI*,NLOOP,NSD,NSO,NST R,NUX
COMMON/P-1P3/ NOS,NM (30),BEAM(30),DRFT (30),AREA(30),MP’S (30),
* AVBM (30),ST (30),IN (30),SQAR(30),X (30,20),YC30,20)
COMMON/PiP4/ NtJT,NON,NOE,X5 (20) ,V5(20) ,XX (19) ,YY (19) ,DEL (1~~).
* SNE (19).CSE (19)

CUMMON/HPS/ VOL ,X IP , DST ,PST ,BAM ,ORT ,A IR ,AMP I ,AM P2 ,O S( 30 ) , SS ( 30 )
COMMON/HP6/ NOW,NOL,NSP,NST,WINK(S),SHLT (6),SPELD (6J,STATC2O )
COMMON/MPh NFN,NFNs.FN (6) ,FN5(6)
CUMMON/HP8/ NBTA ,NBTAS,NBTA I,NHIAQ,WANG(R ),COSFIET (3),SINBLT (3)
CUMMON/HP9/ NFp,NFp5,OMEP-fl30),OMENS~ 3U ),OMJN ,uMA*,D OME ,OWAx
COMMON/HPIO/ XZFO,XZvL,XZHR,*ZPR,Kv,~cWCUMMON/HP1 1/ CHRDA ,TP-IKA ,SPNA ,FAL ,XZFA ,CLFA,DEPA, FAV
CUMMON/HP 1 2/ CHRDB , THPcB,SPNR ,FBL ‘ XZFB,CLFB ,DEPI4 ,FHY
CUMMON/HP13/ GWAV,DEPCAT,SDC6) ,PBMST 110)
COMMON/HPI4/ EL,GCB.&YR,RGY .VCG,13RCL,RF33,RP35,RM5S
CJ~~~~N/~ 5/ A 3 3 ( 3 0 ) , 4 3 5 (4 ,3 0 ) ,A 5 3 ( ’. ,30) ,AS5 (4 .30 ) .C3SS ,C5SS ,
* R33(4.30,3),R35{4,30,3),853(4,30,j),Pj55(4,30.3)
C jHM0 4/~~.~’j6/ A p-IP (30),flP-jP (4,30),AP(30),DP(4,30)
CUMMON/~~- i7 / UMEGA,UN,PAH (19) ,PVt-i(19)
COM MON/HP1B/ iLOG (19,19),YLOG (19’1’4 )
CUMMON/’ 1 ~/ KASEC4 ) ,NIL (4) ,CWR1 (4 ,CWR2 (4) ,wFR(4,30,3)
* WN (4.30,3),SWR (4,30.3),RWSI4,30,3)
CUMMON/-i~~~9/ I I , E F H ( 4 , 3 0 , 3 ) , E M P ( 4 , 3 0 , 3 ) , E M K ( 4 , 3 0 , J )
CuMPLL~ i ,LFH,EMP

C END OF CO’i’~iu DEC K
C (MA -E •~LL CHANGES ABOVE THESE CAR DS )
C

COMMON/ENOCOM/ENOCOM
C

DI MEr~S1Or~ SwH (S)
EOOIVA LENCE (SW H,W1NK)
DIMENSION WORT (2),STA (23),OMENC (~~1),OWAVL (5I ),WAVEN(S1 ),ELOLA( SI ),

iO’-IEN2(51),I-Q AVE (SI),P!TCf$(51),SSPEC (S1),DELTA (51),EPSIL (5I),t-IE4V? (
25L),P11C2(51),AAMO (51),HSPEC (51),PSPtC (51),ADSP(51),AVSP (51),ACSP (
351),RDSP(S1), RVSP (51),PASP (51),UWAK (5),OMAKCS),OPES (S),OPESV (5).
41P~ESA(5) ,FITCH (51)
DIMENSION SPROB (23), SNLJM (23), PVELS (23), NMOTS (23)
DIMENSION AP3MOL (S}.20), RDSPL (51,20)
UA TA WONT IoN ABS. •f,P-4 REL. /

1 F l ~ MAT (6x,25HOUTPUT FOR IRREGULAR SEAS)
2 FURMAT (1HO ,SX ,2OHWAV E. HEIGHTS IN F [ET/aX,14P-$SI (jNJFICANT F6.2.SX,

1IUHAVE RA GE = F6.2,SX,25H1/IOTH HIGHEST AVERAGE = F6.d//6X,I2HSEA S
?TATE = I1//bX ,23HWAV€ PERIODS IN SLCONI)S/6X,23HSI (jNIFLCANT RANGE F
3ROM F6.2.4H TO F6.2,5*,22FIPEH. OF MAX. ENERGY = F6.2.SX .IOHAVERAGE
4 = F6.2//6X,2?P-$AVERAGE WAVE LENGTH = F7.2,SH FEET//6X,99HTHE WAVE
SP-IEIGHTS , AVERAGE WAVE LENGTH AN)) PERIODS APE COMPUTED FROM T HE PIE
ORSON—MOSKOWITZ SPECTRUM .)

3 FURMAT( f,X,26HSIGNIFICANT WAVE HEIGHT = F6.2,4H FT.,5*,I4HSHIP LENG
ITPI = F7,2, 4Pi FT,,SX,13P-ISHIP SPEED = P-5.2,6H KNOTS,SX,I3HFR000E NO.
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2 F5.3)
4 FORMAT (1HO,8X,1OHENC . FREQ .,8*,IOHWAVE FREU.,iOX,BHL/LAMBDA,OX,12H
1SEA SPECTR UM ,4x,14HHEAVE SPECTRUM ,4X,I4MPITCH SPECTPUM/11X,b4HP[P 5
2EC..10*,RHPER SEC.,22X,I4HIN SEC.*FT.”2,4X,14HIN SFC.’FT..’2,4X,1
34rIIN SEC.’FT ,e’2)
5 FORMAT (LHI,14A6.18X,46,I4/)
6 FORMAT C1A,6F18.6)

7 FOR MAT(1P10.SX,1SHPITCH RESPONSES)
8 F O W MA T ( 1 6 X . 3 2PiDISPLACEMENT IN FEET AND DEGR EES,2X ,34 HV ELUCIT Y IN F

iT. AND DEGS. PER SEC.,3X,33PIACC. IN FT. AND DEGS. PER SEC.”2)
•9 FORMATC 18X ,30H AVERAGE SIGMIF. 1/10TH H.A .,6*,30P1 AVERAGE SIGN

l I P - . 1/1 0TH -$,A .,6X,30M AVERAGE SIGNIF . 1/1 0TH H.A.
10 FURMA TC3X ,13HA S BOW MOT ION ,2X ,3 ( 3 F10 .3 ,6A ) )

Ii FO RMAT ( IHO ,5x ,48 HA BSOL UTE AND RELATIVE VERTICAL MOTION ALONG SHIP;
12 FURMATCZO*,29MVERTICAL DISPLACEMENT IN FEET,14X,2?HVE~~T. VEL. IN F

1T./SEC..9X,27HVERT . ACC. IN FT./SEC./SEC.)
13 FLIRMAT(6X,6H STAT..6X,30H AVERAGE SIGNIF. 1/10TH H.A .,f,X,30H AVE

1RA GE SIGNIF , 1/10TH H.A.,6X,30H AVERAGE SIGNIF. 1/10T H l.A .)
14 F O R M A T ( 6 * , F6 .2 ,A 6 ,3 (3 F 1 0 . 3 ,6X ) )
16 FJRMA T C3* , 13 HANGULAR PITC P$ ,2X ,3 (3F 10 .3 ,6X ) )
17 FUPMAT (1HO,5X,47HSTATISTICAL DESCRIPTION OF FULLY DEVELOPED SEAS )
18 FORMAT (18X,28HINSUFFICIENT FREQUENCY RANGE )
19 FORMAT (6X,F6 .2,A6,6X,28HINSUFFIC1ENT FREQUENCY RANGE )
567 FORMAT (6X,aWAVE HEADING ANGLE — ‘.F7.2,* DEG. •

NFP NFR,i
IF(GRAV.GT.32. GO TO 21
WRITE (6,20)

20 FURMAI( 1OX ,’PGM5 REQUIRES THAT FEET BE USED FOR LENGTH UNITS.’)
CALL AETSKC (SLMOT35)

21 CUNST .0081*GRAV*GRAV
FRAD=S7.295779
FARD=0 .0 17453293
If CNST.GT.0) GO TO 51
NST O

51 NTS NST.3
S IA ( 1)  20 .O* PST
STA (2) =0.0
If (NST.EQ.0) GO TO 52
DO 50 Pc 1.NST

50 STA ’c+2 =STATuU
52 ST A (NTS =20.0

OMENC ( 1)  =0.0
OWAVE (1)=0 .0
WAVEN CI =0.0
ELOLA C l  =0. 0
UMEN2 (1) =0.0
HEAVE (1 )=1 .0
PLTC H(i :0.0
SSPEC (1) =0.0
DELTA (1) =0.0
E~ S1L (1 )=— 1 •S707963
HLAV 2 (11= 1.0
PITC2 (11=0.0
AP-4M0 (1) =0 • 0
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H~ PEC ( 1) =0.0
PSPEC (1) 0.0
AL)SP Cl ) 0,0
AVSP (1) O.0
ACSP (l 1=0 .0
FITCH ( I ) 0.0
POSP (1) 0.0
RVSP (1) =0.0
RASP (1) =0.0
DO 250 MM=1 .NBTA
CUSB COSBET (MM )
1f ( COS B .GT. 0 .)  GO TO 250
DO 100 J=1,NOW
CALL SEAST (SWH (J) ,AWH ,HWH,ISEA,PL,PU,PME,AVP,AWL )
N~ AD NPAG+ 1
WNITE (6,5) (PATTI!) ,I 1,6) , (TITLE (I) ,I=1,8) ,PATT (7) ,NPAL,
w~ lTE (6 ,11
WR1 TE (6,17)
W R ITE C f , , 2 ) S W H ( J )  ,AW P- l , HW H , IS EA,PL ,P LJ , PM E,AV P,AWL
DL) 200 L 1,NOL
FACT=SURT (GRAV/SHLT CL ))
DO 110 ~=2,NFPOMENC (N) =OMEN ( N— i )  ‘FACT

110 WIEN2 (N)=OMENC . N ’OMENCCN)
J J= 0
DO 300 M=1,NSP
JJ= JJ+ I

~ )(‘ I .S~”~’SPEED (N) /GRAV
00 120 N=2,NFP
(JAAV E (N) =FACT ’WFP (JJ,N—1 ,MM )
WAV EN (N ) = OWAVE (N )”2/GRAV
E L U L A ( N) = S W R ( J J , N — 1 , M M )
fftAVE (N ) NEAL(EFH (JJ,N—1 ,MM))
PITCH (N) =REAL (EMP (JJ,N—1 ,MM ) I ‘2./SP-IL T (LI
HtAV 2 (N) HEAVE (N) ‘HEAVE (N)
PITC2 C =PITCH (N) ‘PITCH (N)
Dt.LTA (N) =F ARD*A IMAG (EFH C jJ ,N—l,MM)
ERSIL C N) =FARD*A IMAG (EMP C JJ,N— 1,MM)
5~f’EC (N)=CON5T/UWAVE (N)**5*EXP(—J3.5b/(5WHCJ)**?*OWAVL (N)**4))
HSPEC (N) =SSPEC (N) ‘HEAV2 (N)
PSPEC (N) =SSPEC (N) ‘RI TC2 (N

120 FITCHCN)=0 .25*SHLT(L)**2’PSPLC (N)
Dt-N OWAV E (NFP) —OWAVE (NFR)
N~ AG NPAG+ 1
wRITE (6,5) (PATT (I),I=1,6), (TITLE (I),I 1,8),PATT (7) ,NPAD
w~~tTE (0,1)
W~ ITE (b,S67) WANG (MM

lIE (6, 3) SWH C J) , SHLT CL ) SPEED (N) ,FN ( JJ
w~~ITE (6 ,4 )
WRITE (6,6) (OMENC (N) ,OWAVE (N) ,ELOLA (N) ,SSPEC (N) ,HSPEC (N) ,F ITCH (N)

1= 1 ,NFP)
NPAD:NPAG . 1
wRITE (6,1)
WRITE (6,3)SWM (J),SHLT (L),SPEED (M),FN (JJ)
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WRITE 16,7)
W R IT E (6 ,8)
W R ITE (6 ,9)
00 130 N—2,NFP
AVSP (N) =OMEN2 (N) ‘FITCH(N)

130 A C SP CN =OMEN2 N )eAVSP(N )
SLOPE (FITCH(NFP)—FITCH(NFR) )/DEN
IF CFITC H NFP) ,LT.xMAX (NFP,FITCH) )GOTOI33

134 W R I T E ( 6 , 1 8 )
GO TO 131

133 I F ( S L OP E. L T .0 ,O ) GOTO L 3 2
5LOPE=AMIN1 (—SLOPE ,— 1.0)

132 AMO T 1=S IMPUNW wAv (,FITCH ,NFP )
A M O T Z — 0. 5* FITC P-$ C NFP ) ‘FITCH (NFP) /SLO PE.
IF (AMOT2 .GT.0.2’AMOT1)00T0134
AMUT=AMOT 1 +AP4O T~ArIOT=SQRT CAMOT)
A MTA =l .2533’A MOT
A MTS =2 , 0025 ’A NOT
AMTO 2 .5456’AMOT
OWAK (1) =OWAVECN FP)
OMAK ( 1)  =OMEN2 ( f4FP)
ORES ( 1 )  =F ITCH(NFP
U-~tSV (1 ) AVSP (NFP)
O~ LSA (1) = ACSP (NFP)(jw D =-0 ,25*ORES ( 1)/SLO PE
DO 400 JI=2.5
O~~Ar (J I ) = O W A K ( J I— 1 ’i ,OWD
o~ &Oc (JI)=OWAK(JI)* (1.0,SOG*OWAK (JI))
U 4A r~(JI)=OMAK (JI) OMAK(JI )
URE S (JI =ORES (JI— 1) .SLOPE*OWD
U~ E~~V (JI )=OMAK (JI)’ORES (JI)

400 UNLSA (JI) OMAKCJI)’ORESV(JI)
ORESV (5) 0 .0
ORE~~A (5) 0.0
A vEL=S IMPON C OWA yE ,A VSP ,NFP) ,SIMPON (U WA Pc , OPESV ,b)
AVLL=SOR T CAVEL)
AV LA l.2533*AVEL
AVLS=2.0025’AVEL
AVLO=2.5456’AVEL
AACC=S IMPUN (0 WA yE , ACSP ,NFP) +S IMPUN (0 WAK ,OPLSA ,5)
AACC SQRT CAACC)
AACA 1 .2533’AACC
AACS=2 .0025’AACC
AACO=2 .5456’AACC
WRITE Cb ,10 )AM TA .AM TS ,AM TO ,AVLA,AVLS ,AVLO ,AACA,AACS ,AA L~

)
A IUT=2 .0*FRAD/5P-ILT (L)’AMOT
AVEL=2 •0*FRAD/SHLT CL ) ‘AV EL
AACC 2.0*FPAD/SHL T CL ) *AACC
AMTA = 1 .2533’AMOI
AM IS 2.0025*AMOT
AMTO 2.5456’AMOT
AVLA =I.2533*AVEL
AVLS 2.0025*AVEL
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AVLO=2.5456’Av (L
A A CA =1 .2533’AACC
AACS=2.0025’AACC
AACO=2 .5456’AACC
W R ITE (6, 16) AMTA ,AMTS,AMTO,AVLA,A VLS ,AVLO ,AACA ,AACS,AACO

131 WRITE (5,li )
WRITE (6,12)
W R 1  TE (6,13)
DO 150 K 1,NTS
A RM=SMLT C L) ’  ( PST—O. 05’STA (K) I
CENT = S M L T( L) * ( 0 . S — 0.05’STAUc))
DO 160 N 2,NFP
ABMO(N)= PIEAV2 (N).ARM’*2*PITC2(N)—2.Q*ARM*PITCH(N).p-$EAVE (N)*Cu5(DEL
1TA (N)—EPS !L (N))
AHMOL(N ,K ) = S Q R T C A U M O ( N ) )
A L)SP (N) =SSPEC (N) ‘AI3MO (N)
A VSP (N) OMEN2 (N) ‘ADSP (N)
ACSP (N) =UMEN2 (N) ‘AVSP (N)
I I ER=WAV EN (N) ‘CENT’COSB
qJSP (N)=SSPECCN).(ABMO (N),1.—2.*HEAVE (N) *Cos (TTER—OELTA(N ))
* ,2.*A~~ GPITC H (N)*COS (TTER_EPSIL (N)))
POSPL (N,K) SORT(ROSP (N),SSPEC (N))
P~~SP (N) zOMEN? (N) ‘RL)SP(N)

160 4ASP(N)=UMEN2 (N)*PVSP (N )
SLUPE= (AUSP (NFP)—ADSP (NFR) )/L)EN
I~~(ADSP ( iFP) .LT .XMAX(NFP,ADSP))GUTOlb3

104 W~~1T1 (0,1-~’)STA (’\) ,WORT(I )
GO 10 1~~1

163 IP- (SLJPE.LT.0 .0)GOTOI6Z
SLUPE AM 1N~ (—SLUPE,— 1.0)

162 A M O T L S T M P ’N ( ( J W A V E , A D S P , N F P )
A1O12=_ 0.5*ADSP (NFP) ‘ADSP (NFP) /SLOPE
IP - (AMOT2,c31.Q .2’AMUTI)&OTOIo4
A ’IOT=AMOT 1 +AM (J )~
AMUT=S .~RT CAM (JT)
A M TA= 1 .2533’A MOT
A~~T S=2. 0025’A~IOT
A R TO 2.5456*AMOT
u~~AK ( 1) = O W A V E  (NFP)
U lA~S ( 1 )  UMEN2 (NFl’ )
ORE S ( 1)  ADSP ( N FP)
0~ESV (1)=AVS P (NFP)
ORESA Cl ) =ACSP (NFP)
u*0 —O .25*URES (1)/SLOPE
00 500 J I=2,S
OwAK (JI ) =owA~c (JJ— i) .OWD
JMA ~c ()I) OWAK (JI)* (1.Q .SOG*OWAK(JI))
O~lA K(J !)=OMAK(JI)*OMAK (JI)
ORES(JI ) ORES (JI—l ) .SLOPE’OWD
ORESV (JI) OMAI ((JI)’ORES(JI)

S00 0RESA(JI)=OMAK( JI)0ORESV (JI)
URESV (5)  =0.0
O~ LSA (S)= 0.0AVEL=S!MPUN (OWAVE,AVSP,NFP),SIMPUN (OWA ,c,0RESV,5)
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A VEL= SORT C A VEL
AVLA 1 .2533’AvEL
AVLS 2.0025’AVEL
AVLO=2,5456’AVEL
AACC SIMPUN (OWAVE,ACSP ,NFP),SIMPUN (OWAK,OPESA,5)
AACC SQRT (AACC)
AA CA =1 .2533’AACC
AACS =2 ,002 5*AA CC
A ACO=2.5456’AACC
WNITE (6,14)SIA (K) ,WORT (1),AMTA ,AMTS ,AMTO ,AVLA,AVL S,AVL U ,AA CA ,AA CS ,

I AACO
161 SLOPE (RDSP (NFP)—RDSP (NFR))/DEN

IP-CNUS P (NFP) ,LT .XMAX(NFP,PDSP))GOTO113
174 W~~!TE(6,19)STA (K),WOPTC2)

GO TO 150
173 !~ (SLOPE.LT.0.0)G0T0172

SLOPE A MI NA t—SLOPE ,—1.0)
172 P~’0Tl SIMPUN (OWAVE,RDSP,NFP)

R~lUT2=—0.5’RDSP (NFP) ‘RDSP (NFP) /SLOPL
I ( ~~~O T ? . G T . 0 . 3 * P M O T 1) G O T O 17 4
P~l r=RMOT 1,P MOT2
R~~~T~~SQPT (RHOT)
RMiA ~~1 .2533°PMUT
R~~T S=2.002S*~~ OT
R’1 O~~2. -~ + 5h *R MO T
~~~~ (1) UWAV [CN FP)
~~MA ~ (1) UMEN2 C NFP)
OR~ ~ (1) =PDSP (NFP)
U~~E~~V (1) =PVSP (NFP)
U-~~SAt I ) RASP (NFP)
Ow~~~— 0.2~~’,kE S (1)/SLOPE
Do 600 JI=2,5
UwAK U I )  OWA (Jt—l ) •OWL
U-~A~ a j I ) (JWAPcCJI ). (1 .0,SOG ,OWAK( JI ))
U’~Ar~~JI)=UMA p c(J I )*0MAK( J I )UO ES (J I =ORLS ( J I— ! )  .SLOP E*OW D
)
~ LSV C JI) =OMAK ( JI) ‘ORES C JI )

600 ORLSA(JI) UMAK (JI )*ORESV(JI )
URESV (5) 0.0
O~ESA (5) =0 .0p VEL=SIMPUN(0WAVE,PVSP ,NFP) .SJMPON (OWAPS ,UN [Sv,5)
PVEL~~S(JPT (RVEL )
RVLA 1.2533’RVEL
P VLS=2, 00 25 ‘N vEL
RVLO 2 .5456* RVEL
RACC=SIMPUN (UWAVE ,RASP ,NFP).SIMP ON(OwAPc,URESA ,b)
PAC C=SOp 1 ( R A C C )
PA C A = l  .2533’RACC
RACS 2.0025’RACC
P’~CO 2.5456’RACC
WRITE (6,14)STA (K ),WORT(2 ),RMTA ,RMTS,RMTU,PVLA .pVLS ,~~vLO ,k4CA,R4CS

1 ,~~AC O
C CALCULATION OF SLAM IMPACT FREUUENCY

140 W EN = J~ 00. / 6.2831853 ‘ RVEL / RMO I
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SRROB (K) EXPC—BRCL”2 / (2.’RMUT”2)
SNUM(K) = WEN • SPROBCK)
RVELSCK) a 2. * RVEL’*2
PMOTS (K) — 2. ‘ RMOT”2

150 CONTINUE
wRITE (6,388)
DO 350 Kzi,NTS

350 WRITEC6,389) STA (K),BRCL . SPROR (K), SNUM (K), PVELS (K),RMOTS (K )
388 FORMAT (lHO // 1SX . 51HCROSS DECK SIR. PRORA I3ILITY OF EX P .NO.

lof SLAMS , 9X, 8HRELAT IVE , 12A , ~HRELATIVE / 6*, S8HSTATION CLE
2ARAN CE SLAM OCCURRENCE IN ONE HOUR, lix, 8P-4VELOCITY, lox
3, 12I-$DISPLACLMENT/75X , RI-IVAR IANC E, lOX 8H VARIANCE //)

389 FORMAT (Fi2.2, F13.3, 4E20.7)
390 FORMAT (li-il,20X,2MWE ,6x,7HABS MOT ,3X,7HREL NOT)
391 FORMAT (BH STATION,F7,2,/(14x,3F 10.2))

IF (J.Gt.1) GO TO 300
DO 395 K=1,NTS
W R I T E  (6 ,390)
WRITE (6,391) STACK ),(OMENC (LM),AbMOL (LM ,K),PDSRL(LM,K ),LM=2 .NFP)

395 CONTINUE
300 CONTINUE
200 CONTINUE
100 CONTINUE

250 CONTINUE
CALL AETSKC~~5LMOT35)
E ~D
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SUBROUTINE SEAST (SWH,AWH,HWH,IS,TL,TU,TM,TA ,WA)
I~ (SWM .GT.0.15) GO 10 1
I ~~0GO TO 10
P (SWH .GT.1,2) GO TO 2

GO TO 10
2 P (S~ H.GT.3.0) GO TO 3

I S=2
GO TO 10

3 I~ (SWH .GT.S.O) GO 10 4
I s 3
GO TO 10
P (SWP-l ,GT.7.5) GO TO 5
I ‘~=4
GO TO 10

5 P (S~ P-4 .(jT. 12 ,O) GO TO 6

C,i TO 10
6 ~ (S~ H.GT. 20 .0) GO TO 7

I ‘~~6( o  10 10
7 P (S~~-1 .G T. 4O .0) GO TO 8

I ~~7
C~

J 10 10
P (S~~~.GT.60.O) GO TO 9
I
G O TO 10

y

10 Q ’ S~~RT (SWH)
A -’iH O .02585*SwH
H’~P-i 1.27l19’SW H
T~~~l .0~ O57l2*QwM
T U 3 • 4343965 * B
T~~~1.96O8164*QWH
T~~~2.7602723*QWH
W ”13. 1358’52*SWH

~ c TUPN
E ~i)
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()V LN LA Y (p .C)
P~ UGPAM P(,MIA

C
C FOLLOWIN (, SEA DISPATCH TASK
C REENTERED FUR EAC H OF 3 CASES (r~AS[ =1,2 ,3)
C
C THIS TASK SAVES ALL THE DATA ACCUMULATED SO FAR,
C uND REINITIALIZE S BEFORE EACH CASE (DATA IS SAVED ON TAPE4~~

)
C
C

COMMON/HPI/ NPA &,TITLE (8),PATT( 7),RATIO
CUMMON/H~ 2/ IO,IG,IP,IND ,ISD.!SIAPT,JA,JR,JC,K,~ 

).MAXO,NONO,M 5,
* NIx ,NLO QP ,NSD,NSO,NSTR,NUX
CUMMON/~lP~~/ NOS,NM (30),8EAM (3O),UPF I~~3O ),AREA (30),~

, - (3O),
X AV8M(30),ST (30),iN (j0).SOAR(3O~~

,,.~ 30,20),Y (3O,2O)
CUMM ON/ HP4/  N(JT ,NON,NO~~,X S ( 2 0 ) , Y S ( 2 0 , ,~~A ( 1 9 ) ,Y Y ~~l 9 ) , D E L ( 1 Y) ,
* SNE (I~U,C~ E (19)
C3MMON /~-iP5/ VOL ,XIP,D5T,PS1,BAM ,DPT,AI’~,AMPI,AMP2,flS (30) •sc ~nCJM MON/HPO/ NOW ,NOL,NSP,NST,WINPS (5),SHLT (5),SPEEu (6),~~T.~T (?L))
CiM MON/HP7/ NFN,NFNS,FN (6),FNS (h)
Cu~

iM
~~~/HP 8/ NBTA,NBTAS,NBTAT ,Nf4T4U,~~A NG (8),COSBET (3),5I(~pE T (3~

C~JM MON/-iP9/ NFR,NFRS,OMEN (3U),OMENS (3O),OMIN, )~1 A 1)UMP-~~t~w
C ) U J / f r - l~- j O /  XZFU,AZV L,XZHR,A ZPB,KV ,Ic W
CuMMO~J/-i P11/ CHRDA ,THKA,SPNA ,FAL ,X ZFA,CL FA, 1 )EPA ,FA Y
CU MMON/~iI-12/ CHRI)R,THKB,SPNA,FBL . X/FH,CLFH,D[PB,Fj~4y
CUM MUJ/H PI3/ ~wAV ,UEPCAT,SO (6~~,QHMST (I0)
C M ~~~ J/1-1 P 1t~ ‘ f ,C’C~3,D~ P.RGY,VCG,b RCL,PF ~3,RP~ 5,PM55
C) U)/H~~l~~/ A J J ( 10),A35 (4,3O),A 5~~(4,jC~),A55 (~.,10),uj .r 5 ~~,

* R 3 3 ( 4 , 3 O , 3 ) , B3 5 ( 4 ,3 O ,3 ) , H S 3 ~~.,30,~~J , H S ) L . s~~U,j )
CuMMON, -~P1 6/ AHP(3Q),DHP(4,3Q),A~~(30),UP(4,3O)
CJMMON/9P17/ OMEGA ,UN,PAH (19),PVhH, )
CJMMON/HPI8/ NLUG (l9,I9),YLO& (1~~’1Q)
CU MMON/HP j~~/ KA5E(4),MIL (4),CWP1 (~4),CwP2 (4),W FU ) N.,3U ,3 ,,

* WN (4,30,3),SWR (4,30,3),RWS(4,30,3)
CO MMUN/HP2O/ II,EFH(4,30,3),EMP(4,30,3) ,EMK (4,30,3)
CL)MPLE.* II,LFH,EMP

C
C END OF COMMON DECK
C (MA KE ALL CHANGES ABOVE THE’~E CA PDS)
C

C)MMON/ENDCUM/ENL)COM
C
C
C ~4YPi~SS IF HEAU SEA
C

I r ( J A . JE.2) CALL AETSKC (5LP~~~I~~
1~~

(
~~A E (i ).DT .0) GO ro 21

~i-  S~~J~ AS . 1
1I

~ (~~A 1J (, (NHTAS) .LT.~~O.) (,O TO 20
.JM= 1
j~~~~= I

~-~TA~~ (IAT—NBI A (J
DI’ 2? ~-iM=1 .~‘JH TA

2i? RM NG ( A R ) W A N ( , ( M M Nr I IA Q)
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00 18 I:1,MFRS
18 OMEN (I)=OMENS (I)

N FR~ NFPS
00 19 I.1,NFNS

19 FN( I ) . FP4S ( I )
MF N MFNS
CALL AET SKC(51P6M18)

20 JA s2
J 8z3
N8T A= 1
00 1? 1 1.NFNS

17 FN (I)=FNS (I)
N F Ms N ~ MS
WANG C1 ) WAN G (NBTAS )

21 MM=1
COSB COS (W AMG (MM )’.O17l.5326252)

C
C COMPUTE DATA LENGT~4 AND CONSTANTS
C

N=LCCF (E N000M )—LO CFCTITLE (i ))
TWOPI=6 . 2I~31~ 53t
MPAG NPA G

C
C DISPATCH BY EN TER ING KA SE
C

GO TO (10 0,200,300,77), K.~SE (1)+i
C
C CASE I
C
100 CONTI NUE

IF (OMIN . LE.0. .OR. CMAX.L E .0 .) GO 10 77
KASE (1) 1

C
NPAG= ~JPA ~ 4t

5 FOR MA TC1HX,14A6 ,j ’3X ,A 6,I (./)
wRITE (6.5) CPATT (I ) ,I=t,6) ,(TITL.E (I) ,1 1,8) ,PATT (7),NPAG
WR ITE (6,6) WANG (MM )

6 FO PMATC IH O, IOX ,’BETA = ‘,FlO .l,/IIX ,’OOAR TERIW& S~~A K A S E ~~1 , ‘ ,

X ‘HIGH FRE~IIJEMCY WAVES ~ A STER THAN SHIP’)
C
C
C WRITE OUT TNIT IA L IZAT ICN O F DATA
C

RE W IND 4R
WRITE (48 ) (TITLE CI ) ,I=t, N)

C
C CALCULATE MIN IMU M FM AT INTERCE PT OF
C MINIMUM RWS ,DELTA LINE AND CR ITICAL CL FV r
C
C R W S BOUND S AP E IN PWS (j,N,j) N~~j,N’3
C DELTAS A~~E IN RWS (2,N,1)
C

N B Q WS(~ ,1, I)
C
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A= (RWSCI,j,j)4RWS (2,j,t ),/twOpI
FNM IN=S Q PT (A) / C 2. ‘CCSB)

C
C CALCULA TE MAX IMUM FM AT INTERCEPT OF
C MAX IMUM RWS-Q ELTA LINE AND OHIN LINE
C

A :(RWS (1,MB,j)—RWS (2,NB~ j,1)),TwOpISAs SORT C A )
FNMAX =SA ’ (l . —OMIN ’SA )/CQSB

C
WRITE C6,7) FNM IN ,FNMAX

7 FORMAT (jHQ, 20X , ’SPEEO RANGE OF INTEREST FROM FR000E NUM ”E~ ‘,
1 F?.’.,’ TD ‘,F7.~.//)

C
C REDEFINE SPEED ARRAY TO INCLUDE JUST ABOVE RANGE
C

10=0
00 111. JJ=t ,NFN
IF (F’~ CJJ ).LT.FN lI N .CR . FN( JJ) .GT .FNMAX) GO 10 11~
IJ= IJ~ 1
FN C IJ)=F N CJJ )

11.1 CONTINUE

C IF NO D~ SIRE 0 SPEEDS ARE IN RANG E , GO TO NEXT CAS E
C

IFC I J.E~~.O) GO 10 200
NFN 10

C
C LOO P T’~PU FN VALUES TO FINJ APPLICABLE OMEGA PAN G FS
C

00 121. JJ=1,NFN
C
C FI ND MINIMUM CMEGA AT INTERCEPT OF MINIMUM RWS
C
C USE WPI (JJ ,1,i) FOR M INIMUM OMEGA FOR FNI JJ )
C WNI (JJ,2,1 ) FOR M I EX I M I J M  OMEGA
C WFR(JJ,j,1) FOR M INIMUM RWS
C WFR (JJ,2,I) FOR MAXIMU M RWS
C

FNB FN(J 0) ‘~~OSB
A WSCI, 1,1)/TWOPI
SA :  1 • 0/S aRT ( A )
W N (JJ,j, li=SA’ (I.— FNB ’SA )
IF (WN(JJ,1, 1).LT.CMIN) WN(J J,1,1)=OMIN
OM E G = ( 1 . + S Q R T ( 1 . —4 . .’ F N E 3 ’ W N ( J J ,j ,j ) ) ) / FNB’ .5
ICFRCJ J ,1,1 )=TWO PI /(CMEG’OM EG)

C
C FIND MAXIMUM OMEGA AT INTFRCEPT OF
C MAXIMUM RWS OR AT CRIT ICA L CURVE
C

A z R . r S ( 1 ,  NP, 1 ) / T W O P I
SA : 1.0/SORT (A)
CRITF N:. 5/(SA ’COSR)
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IF (FN (JJ ) .LT.CRITFP4) WM(JJ,2,1) z.2c/ FNF3
IF (FN (JJ ) .GE .CRITFN) WN(JJ,2,j) SA’(j.—FM8’C~~)
IF (WNCJJ,2 ,1) . G T . O P 4 A X )  W N ( J J , 2 , 1 ) O MAX

W FR (JJ ,2,j) =TWOPI /(OM EG’OMEG )
C
121 CONTINUE

GO TO 500
C
C CASE 2
C
20C CONTINUE

C
NPAG=NPA G.j
WRITE (6,5) (PATT(I),I=t ,6), TITLE(I),I=1,~~),°AT 1 (7 ) ,.~~
WRITE (6,8) WANG (MM)

~ FO 4AT(jHO, 1OX ,’RETA = ‘,FI0.1//11X ,’QUARTE~~PC, S~~ ~~~~~~~~~~~~~~~~~~

1. * LOW FREQUEN CY WAVES FASTER THAN SHIP’)
C
C READ BACK INITIAL DATA
C

REWIND 148
REAO (’.8) (TITLEd ) .I:1,N)
NPA G= MPA G+1

C
NB=RWS (3 .1,1)

C
KASE (1J 2

C
C CALCULATE M INIMUM FM AS FIRST NON-ZERO FM
C

FNM IN=0. 0000001
C
C CALCULATE MAXIMUM FM AS INTERCEPT OF
C MAXIMUM RWS —O ELTA LINE AND CR ITICA L CU~~V~
C

A (RWS (1 ,N8,1 )-RWS (2,NB— I,1I 1/TWOPI
FNMA X =S QRT (A)/ (2.’COSB)

C
WR ITE (6,7) FNMIN ,FNMA X

C
C REDEFINE S PEEDS ARR AY
C

10= 0
DO 211 JJ:t,NFN
IF (FN (JJ ).LT.FNMIN .O’~. FN (JJ),GT.FNMAX) GO T~ ‘It
IJ=IJ +1
FN(  IJ) F N (JJ)

211 CONTINUE
IF (IJ.EQ .0) GO 10 300
NFN~ IJ

C
C FIND AP PL ICABLE OMEGA RANGES
C
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00 22 1 J J~~j ,NFN
C
C FIND MINIMUM OMEGA (MAXIMUM RWS ) AT INTERCEPT OF
C MAXIMU M RWS LINE AND FN
C

FNB = FN(JJ ) ‘COSB
A=RWS (j, P48,1)/TWOPI
SA:1 • 0/S ORT IA)
W N (00 ,1 ,  1) = SA ’  (1 ~— FNB ’ S A )
WFRCJJ ,2,1)=Rws (1,Ne ,t )

C
C FIND MAXIMUM OMEGA AS INTERCEPT OF MINIMU M ~WS
C OR CRITICAL OMEGA
C

A :RWSCI, 1,1)ITWOPI
SA=1.0/S OPT (A)
CRITFN :. 5/ (SA’COSB)

C
IF (FN (JJ).GT .CRITFN) WN(JJ,2,1)= .25/FN8
J F ( F N ( J J ) .LE .CRITFP4) (*1 (JJ,2,1) =SA ’ (j.— FNB’SA)
IF (WN (JJ ,2,I).GT .CMAX ) WN C JJ ,2,t ):OMAX

C
OMEG= (1.— SQRT(1 .—’..’FNB’WNCJJ,2,I)))/F NE3’.5
WFP(JJ,I,j) TWO PI/ICMEG*OMEG )

C
221 CONTI NUE

GO TO 50 0
C
C
C KAS [:3
C
33C CONT INUE

NPAG : NP~ G+1
W P I T E C € ,  5) CPATT( I ) .1=1,6), (TITLE (I),I 1,8),PATT (7), J~~A G
W RITE (f , 9) WANG (MM)

9 FIPMAT(j kQ ,IQX, ’BETA = ‘,F1 Q.1//jjX,’QUAPTE Rt I~G 5~~ ~~~~~~ ‘‘~~

1 ‘ SHIP FASTER THAN WAVES ’)
C
C R~~A0 BA CK INITIA L DATA
C

RE WIND ‘.8
PEAO (L.8) CTTTLE(I),Pt,N )
N PA G= MPA G+1

C
NB=P WS (3 ,1, 1)

C
KASE (1) 3

C
C
C CALCULATE MINI MUM FM AS INTERCEPT OF
C MINIMUM RWS +OEL TAP WS AN D MINIMU M OM EGA
C

A = ( R W C ( 1 , j , i ) , P W $ ( 2 , 1 , 1 ) ) / T W O P I
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Su=ScJRT (A)
F~~M IN =5A * (1..OMIN*SA) /COSB

C
C CALLULATE MAXIM UM FN AS INTERCEPT OF
C M A X I M u M PWS—DELTARWS AND MAX IMUM OMEGA
C

A ( R w S ( L,N8, I)~~Rw S (2 , N B ~~1 , 1) ) / T w U p I
S~~~SQRT (A)
F’~MA *=SA* (1.,UMAX*SA)/COSR

C
W~~ITE (6~~7) FNMIN .FNMAX

C
C REDt~FINL SPEEDS A RRAY
C

I J=O
PU 311 JJ=1~~NFN
1~~(FN ( JJ).LT .FN MIN .OP. FN(JJ) .G1.FNMA * ) (,O 10 311
I J=1J,1
F ~(1J) FN (JJ)

311 CONTINUE
C
C IF ~U DESI RED SPEEDS, GO TO NEXT CASE
C

P (IJ.E .O) GO TU 77
N’- N I J

C
C FINU AP PLICABLE OMEGA RAN IES FUR EACH ~N

1)1) 321 JJ=l ,NFN
C
C CALL ULA IE MINIMUM OMEGA AS INTERCEPT
C uF MAX J MI IM PWS
C

F ~ 4 = f N ( J J ) * C U S H
A~~~wS(1.NH.1 )/TwOP I
S~~:_ 1 .O/SOPT (A)
~ ~J (00.1 , 1) SA* (1 • ,FNB*SA)
I~ (wN (.J , J ,l ,1 ) .LT.OMIN) WN(JJ ,1.l) OMIN
I) .IL, (1. ,5u~~ T(1.,4.*ENf.4*WN(JJ,I,l)))/)- NP4J 5
w~~P(JJ ,2.1 ) TWOPI/ (O ME(,*OMEU )

C
C CAL CULATE MAXIMUM OMEGA AS INTEPCE~~T
C uf M UJ IMI IM RWS
C

A- ~~wS( 1.1,1 ) /T WUP I

~~ =—1 .0/SUPI (A)

~~ (JJ . 2 .1 ) S A * ( 1 . +FN B*SA )
P(WN (J ),2 ,1 ) .(,T.O MA X ) WN(JJ ,?,1) OMA X
U~’ILo=(1.+S(JRT (I.+4.*FNH*WN (JJ,?.1)))/~~NH* .5
~~~~(J J,1,1 )=TwO PI/ (UM FG*OMEG )

C
C
3~?1 CLiNT lODE

C

C END OF FO LLOW ING SEA RUN
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C CHOOSE DELTA OMEGA AND LOAD OMEGA ARRAY
C
500 CONTINUE

C
C
C FOp EACH FM FN(JJ) JJz1,NFN
C
C ~N(JJ,1,1) CONTAINS MINIMUM OMEGA
C WN (JJ,2,1) CONTAINS MAXIMU M OMEGA
C WFR (JJ,1,1) CONTAINS MINIMUM RWS
C WFP (JJ,2,j) CONTAINS MAXIMUM PWS
C
C FOR EACH BOUNDARY RWS (1,N,1) N 1,NH NBZRW5 (3,j,1)
C
C ~WSC2 .I,1) CONTAINS DELTA RWS FOR RANGE
C RWS (1,I,MM) TO RWS (I,I+1 ,MM )
C
C PWS 15 REAL WAVE LENGTH DIVIDED BY LENGTH OF SHIP
C

W~ ITEC 6,1O ) (FN (L) ,WN (I,1,I) ,WN(I,2,1J ,W FP (I,1,1) ,WFP(I,2,1)
X P1,NFN)

10 FIJPMAT (IOX ,*AT F R000E NUMBEP *,F7.4,~ FREQUENCY RANGE IS •.
1 Fl.’.,’ TO *,F7,4,* AND WAVE LENGTH RANGE IS * ,
2 ~7.4,* TO •,f7,4)

C
PwS (1,Nd,1):FQWS (j,NB,1).1.0
NB NB—1
UM IN 100.0
O~l AX = 0.0
DUME= 100.0

C
C FIND MINI MUM OMEGA MINIMUM
C MAXIMUM OMEGA MAXIMUM
C

DO 511 JJ 1,NFN
P (WN(J J,1,1) .LT.OMIN) OMJN=WN (JJ,1,I)
IP (w N (JJ,2,1) .G1.OMAX ) OMAX=WN (JJ,2,1)

511 CONTINUE
C
C LOAD OMEGA AR RAY FROM LOWEST FREQUENCY
C CLIP HIGHER FREQUENCIES IF BEYOND BOUNDS (50 FREQUENCIES)
C

DOMEMIN=OMIN /EL
N~ R 1
O IEN (1) UMIN
DO 531 N=2,30

C
C FINU MINIMUM DELTA OMEGA AT OMEGA AND ALL SPEEDS
C

DUME= 100 .0
DO 525 JJ=1 ,NFN

C
F IB FN (JO) ‘CUSR
IP((JMEN(N—1 ),GE.WN (JJ .2,1)) GO TO 52~-
D (OMEN (N—1).GE .WN (JJ,1.1)) GO TO 520
DELTA WN (JJ,1,1)—OMEN (N— 1)
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I~ (OELTA .LT.DO HE) OOMEZDELTA+0.00001
GO TO 525

C
520 CONTINUE

C .

FNB2z2.*FNB
DELTA~ WN (JJ,2,1)_OM (N (N_j)
IF (DELT A .LT.DOME) DOME ZDELTA

C
IF(KASE(1 .EQ.1) OMEG~~(l.,SQRT(I.~ 4.*FNH.oMEN(N~ j))),FN82IF(KASE(1).EQ .2) OMEGz(1.~~SQ RT ( 1. —4. *FNB*OMEN( N_ 1) ))/FNB2
IF (KASE (1).EQ.3) OMEGZ (1.,SQRT (1..4.*FNB.OMEN (N—1)))/FNB2
RwSS=TWOPI/ (OMEG’OP4EG)

C
DL) 521 I=1,NB
IF (RWSS.GT .RWS(1,I,1,1)) GO TO 521

C
A RWSS/TWOPI
SA SQRT CA)
DA RWS (2,1,1) /TWOP I
DLLTA ABS( (FNB/ (A*A)— .5/ (SA*SA*SA) )*UA)
IF( (OMEN(N—1) .1.5*OELTA) .GT.WN (JJ,2,1))

1 DELTA=wN (JJ ,2 , 1)—OMEN ( N— 1)
GO TO 522

C
521 CONTINUE

C
522 CONTINUE

P (DELTA.LT.DO PAE ) DOME=DELTA
C

525 CONTINUE
If (DOME.LT.DOMEMIN) DOME=DOMEMIN
OMEN (N) OMEN (N—i ) .OOME
N~ P=NFR+ I

C
IF (OMEN (N ).LT .(oMAx—0.0000l) GO TO 531
OMEN (N) OMAX
GO TO 532

C
531 C~ NTINUE
532 CONTINUE

C
w I I TE (6,11) NFR,OMEN (1) ,OMEN (NFR)

11 FURMAT (1H0,6X, *ANAL YSIS WILL BE BASED ON •,I2.
* FREQUENCIES FROM •,F7.4,’ TO ‘,F7,4)

C
C
C GO LXECUTE ANALYSIS
C

CMLL AETSKC (SLPGM1B)
77 CONTINUE

KASE (i) 0.
I F WANG NBTAS,1 .EQ.777.) JC 3
P (I O.E’~.2 .UR . ID.EQ.—1 CALL AETSKC (SLMOT3S)
P (LP.Eo.O SAND. IP.EQ .O .ANO. NUW,EO .O) CALL AETSKC (SLM,j135) ,
If (LP.LE.0 .AND. IP .LE.0) CALL AETScC(4LPGMS)
E~ D
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OVERLAY (OVFILE,O,0)
PROGRAM MAIN ( INPUT*5j2,OUTPUT~ 512,T APE23=512,TAPE48=5i2,

X TAPE5=INPUT,TAPE6wQUTPUT)
C
C

COMMON/SRY1/ NPAG,TITLE (8),PATT (13),RATIO
CJMMOr4/SR’r2/ ID,IG,IP, IND,ISD,ISTART,JA,JB,JC,K,LP .MAXD ,MONO,M5,

X NIX,NLOOP,NSD,NSO,NSTR,NUX
CUMMON/SRY3/ NOS,NM(30),BEAM (30),URFT (30)-,AREA (30),MPSC30),

x I)MA (30),AVDA(30),AVBMC3O),ST (30),IN (30),SQAR(30),
X X (30,20),Y (30,20)

CUMMON/S RY4/ NUT,NON,NO E , X S ( 2 0 ) , Y S ( 2 0 ) , X X C 1 9 ) ,Y Y ( 1 9 ) , O E L ( 1 9 ) - ,
X SNE ( 19 ) ,CS E( 19 )
CLIMMON/SRYS/ VOL,XIP,DST,PS1,BAM,1)PT,AIR,AMPI.,AUP2,DS (30) ,SS(30)
COMMON/SRY6/ NOW,NOL,NsP,NST,WINI¼ (5),SHLT (6),SPEED(6),STAT(20)
CUMMON/SRY7/ NFN,NFNS,FN (6) ,FN5 (b)
CUMMON/SRY8/ NBTA,NBTAS,NBTAT,NBTAQ,WANG(8),COSBET (3),SINPET (3)
CUMMON/SRY9/ NFR,NFRS,OMEN (30) ,OMENS (30) ,OMIN ,OMAX ,DUME ,OWAX
CUMMOtJ/SRY1O/*ZHB,XZPB,XZFO,XZvL,)cV,Kw
CJMMON/SRY11 /CHRDA,THKA,SPNA ,FAL ,XZFA .CLFA ,DEPA,FAY
CJMMON/SRY12/CHRDB,THKB,SPNB,F8L,XZFB,CLFB,DEPB,FBY
COMMON/SRYI3/GRAV,OEPCAT,SD (6) ,PBMST (10) ,RBMHT (10)
COMMON/SRyi 4/EL,GCB,GYR,GYRT,GM ,~,MT,GMTS,VCG,RF33,pP35,RM55
CL~MMON/SRY15/A26 (4,30),A62(4,3O),A46(4,3O),A64C4,3O),A66(4,30)
CUMMON/SRYI6/A22 (30),A44(30),A24 (30),DSR (30),DRR (3o)
CJMIION/SRY17/ASY (30) ,05Y(4,30) ,AY (30) ,DY (4,30) ,ARY (30) .URY (30)
CUMMON/SRYI8/B22(4,30),B26(4,30),B62C4,30),B46(4,30),B64 (4,30),

X B66(4,30),B24(4,30),B44C4,30,3)
CUMMON/Serl9/OMEGA,UN,PAS (19),PVS(19),PAR(19),PVR (19)
CUMMON/SRY~~0/BLUGU 9,19 ,YLOG(1-~’1 9)
COM MJN/SRY?I/KASE(4) ,MIL(4),CWRI (4),CWR2(41,WFP (4,30,3),

X W N ( 4 , 3 O , 3 ) , S W ~~( 4 , 3 0 , 3 ) , R W S ( 4 , 3 O , 3 )
CUMMON/SRY22/II,EFS,EMR,EMY ,EKR (4, 30 ,3) ,EKY (4, 30, 3)
COMPLEX II,EFS (4,30,3),EMR (4,30,3),EMY (4,30,3)

C
C END OF COMMON DECK
C (MAKE ALL CHANGES ABOVE THESE CARDS)
C

CUMMON/ENDCOM/ENDCOM
C

DATA PATT/6H MOT24,6H6 SW,6HAY, RO,6HLL AND,6H YAW M,6HOTIONS,
X 6H OF ,6H PAGE/
N~ TASz0
GO TO 1001
CALL FLAGSV
CALL. PLOTDD

1001 CONTINUE
JC= 0
CALL. AETSKC (6LM0T246 )

END
C •**•NOTE*’*THE FUNCTIONS XMIN, XMAX, SIMPUN , AND ATAN3 AND THE
C •**.SUBROUTINE S NILS, DAVID , MATIN S , AND SEAST ARE THE SAME FOR BOTH
C •***M0135 AND M0T246. THE SUBROUTINE QDF CN AND THE PROGRAMS PGM4 AND
C •*..PGMLA APE THE SAME FOR MOT3S AND MO1246 EXCEPT FOR THE COMMON
C “BLOCKS AND THE REFERENCES TO MOT3S.
C ‘*.*SOBSTITUTE THE COMMON BLOCKS SRYI—S)~Y22 FOR MPI—HP2O.
C •e**CHANGE STATEMENTS AT THE END OF PGM4 AND P M 1A FROM
C “CALL AETSKC (SLMOT3S) TO CALL AETSKC(6LM0T246).
C •***T HE ABOVE ROUTINES WiLL NOT BE REPEAlED IN THE M0T246 LISTING .
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OVERLAY (1,O)
PROGRAM M0T246

C
C OFFSETS MUST BE READ IN. THE X AXI S IS THE TRANVE RSE BASE LINE OF
C STATION 10. THE Y A XIS IS THE VE RTICAL CENTER LINE OF STATI oN 10.
C Y IS POSITIVE UP AND X IS POSITIVE TO THE RIGHT.
C LOOKING FORWARD (iN THE STARBOARD HULL AND STARTIN G AT THE ROW THE
C OF F SETS ARE READ IN COUNTER—CLOCK WISE A STATION AT A TIME .
C HULL SEPARATION DISTANCE MUST ALSO BE GIVEN , IT IS I[’cMT IFLEU AS
C SO (NSD) WHERE NSD IS THE NUMBER OF HULL SEPAPA IIUN~ T O BE ~u uN .
C THE HULL SEPARATION 15 THE DISTANCE ~RUM THE CENT~~R LINE Of THE
C CATAMARAN TO THE CENTER LINE OF STATION 10.
C
C

COMMON/SRY1/ NPAG,TITLE (8),PATT(8),RATIO
CUMMON/SRY2/ ID,IG. IP, IND, ISD,ISTAPT ,JA,JH ,JC,K,LP,MAXD ,MONO ,M 5,

X NIX,NLOOP ,NSD,NSO,NSTP, SUX
CUMMON/SRY3/ N O 5 , N M ( 3 0 ) , B E A M ( 3 0 ) , D P F T ( 3 0 ) , A R EA ( 3 0 ) , M P S ( 3 0 ) ,

X DMA (30),AVDA (30),AVBM(30),ST (30),LN (30),StJAR (30),
X X (30,20),Y(30,20)
CUMMON/SRY 4/ NUT,NON,NOE,XS(20),YS(2O ),XX(19),YY (1’fl,UEL(1~fl,

K SNE (19),CSE (19)
CO’IMON/SRYS/ VOL,XIP,DST,PST,BAM ,OPT,AIP,AMP1,AMP2,DS(30) ,SS (30)
CUMMON/SRY6/ NOW,NOL,NSP,NST,WINK (5),SHLT(6),SPEED (6),STAT (?U)
COMMON/SRY7/ NFN,NFNS,FN (6) ,FNS (b)
CUMMON/SRY8/ NBTA,NBTAS,NBTAT ,NB1AO ,WA JG (H ),COSBET (3),SINRET (3)
COMMON/SRYQ/ NFR,NFRS,OMEN(30),OMENS (30),OMIN,OMAX ,00ME,UWAX
CO~ MON/SRY1O/XZHB,XZPB,XZFO,XZVL,KV ,KW
CJMMON/ SRY1 1/CHRDA,T HKA,SPNA .FAL ~XZf A ,CLF A ,DEPA,FAY
CuMMON/SRYI2/CHRDB,THKB,SPNH ,FRL ,XZFB,CLFB,DEPE4,FBY
CJM MO~4/SRY13/GRAV ,DEPCAT,SD (6),PBMST (iU),PBMHT(1O )
C)!~ ’ J/SRY14/EL,GCB,GYR,GYRT ,GM,UMT ,bM1S,V~ G,p f 33,RP35,~~ i5~-,CUM~~, N / S P Y 1 S / A 2 6 ( 4 , 3 O ) , A 6 2 ( 4 , 3 0 ) , A 4 6 ( 4 , 3 O ) , A 6 4 ( 4 , 3 O ) , A 6 6 ( 4 , 3 0 )
CUMMON/SRY16/A22 (30),A44 (30) ,A24 (30),DSR (30),OPR (30)
C MML)N/SRY17/ASY (30),D5Y (4,30),A~~(30),L)Y(4,3O),A kY(3O) ,UPY(iU )
CoMMON/SPY 18/B22 (4,3O),B26(4,30),B62(4,30),B4f,(4,30),B~~.O..3O),x 1366(4,30),R24 (4,30),r444(4,30,j)
CoMMON/s~~y19/OMEGA,uN ,PAS (19),PVS (I~~),PA P (1 .~),~-’v R(19 )
CUMMON/SRY20/BLUG (1 9,19),YLUG (1~~,1t~)
CJM MON/SPY21/KASE(4) ,MIL (4),CWR1O.),CwR234),wFP(’.,30,3),

X WN (4,30,3),SWR (4,30,3),,IWS (4,30, 3)
COMMUN/ Y22/II,EFS,EMR,EMY,~

j
~P (’s,3O,3),LPY (4,30,3)

CO MPLEX II,EFS(4,3O,3),EMP (4,30,3),EMY (4,3O,~~u
C
C END OF COMMON DECK
C (MAP(E ALL CHANGES ABOVE THESE CAPI)S)
C

CJ MMON/ENDCOM/ENDCOM
C

DI MENSION YJK(20),YBG(30)
1 FURMAT( 8A 6)
2 FORMAT( 12I5 )
3 FURMAT(BF1O .5)
4 FuRMAT (4F9 .’.,2I9)
S F~~PMAT(jHI,15A6,18X,A 6,It ./)
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6 FURMAT (1hO,5x,S4HSTATION 10.0 NOT GIVEN — READ INPUT DATA FUR NEXT
I SHIP)

7 FORMAT(4F10.5,2I5)
8 FURM4T(1H0,5X,23HCOMPUTEQ FROUDE NUMBERS)

9 FURMAT(/ * DATA INPUT CARDS’/ 10X’~~1’,9X,’2.,9X,*3’,9X,*4’,9x,
X ‘5’,9X,.6’,9x,*7’,9x,’$’/1X,8(~~123456789O’))

40 FOPMAT (8F9.4)
51 FURMAT( 1X,BA 6)
52 FURMAT (IX ,1215)
53 FURMAT (1X,8F10 .5)
54 FU RMAT (1X,4F9.4,2I9)
57 FURMAT (1X,4F10.5,215)

3000 P URMAT (12H1 END OF JOB )
335 FOPMAT (30X,9HSTATION ,F9.4)
78 N”AG=O

I’- (JC.EQ.2 .AND. NIITAS.GT.0) CALL AETSKC (5LPGM1A)
IL) = I

Pt AD (5,1) (TITLE (I),I=1,8 )
P~~AD(,,2) MONO,JA
P (JA .LE.O) GO TO 77
READ (S.3) SCALE .GPAV
P~~A D ( 5 . ? )  NFP,NBTA,NfN,P4S0,NSTP,NOS,NLUOP,I&,LP,IND
Rt.AU (5,3) (UMEN (I),I=1,NFp)
RtAD(5,3) (WANG(I), 1=1,NBTA )
Rt AO (5,3) (FN(I ),J=I,NFN)
Pt AD (5,3) (50(I) ,1 1.NSD )
Pt. A D ( 5 , 3 )  (RBMST (I),I=1,NSTP)
P L A D ( ’ E ’ , 3 )  (RF 3MHT (I),I=1,N5TR)
U 1 IN~~~MLN (1)
Nb T A T ~ B I A

Nr~1A S O
WANG ( NB TA T . 1 )  . 777 •
Nd TAO 0
DO 17 I= 1,NBTA
P (WANG (1).LT.90.) NI3TAQ=NBTAQ.1

17 CONTINUE
NE RS = NE P
DO 18 I=1,NFR

18 O IENS(I) OMEN (I)
J 0 1
IF (NBTAO .NE.0) JC=2

DO 19 I=1,NFN
19 F~~S (I) FN( 1)

NE N S NF N
KASE (I ) =0
NPAG=NPAG . I
W4ITE (6,5) (PATT (I) ,1 1,7) , (TITLL (I) ~1 1,R) ,PATT (8) ,NPAG
wRITE (6,9)
wRITE (6,S1) (TITLE (I),I 1,8)
W R ITE (6,52) MONO,JA
WMITE (6,53) SCALE,GPAV
WRITE (6.52) NFR .NBTA,NFN,NSD,NSTP,NOS,NLOOP, IG,LP, IND
WRITE (6,53) (Ot4EN (I) ,I=l,NFRJ

go



WRITE(6,SJ) (WANG(Ilti•ltNBTA> 
WRITEC6,5J) <FNCI)tl•ltNrN) 
WRlTE(6,5J) CSDCI)ti•ltNSO) 
WRITEC6t53) CRBMST<l)tl•ltNSTR) 
WRITEC6t53) CRBHHT(I),J=ltNSTR) 
IFCSCALE.LE.O.) SCALE•l. 
IFCGRAV,LE.O.) GRAY•l2.174 
trcNSD.G£.1) GO TO 79 
NSD•l 
SO(ll:sO. 

79 If(JC.NE.2> GO TO 43 
IfCJA.NE.2> GO TO 43 
IfCNFN.GE.ll GO TO 144 
Jt:i=l 
FNCl>=O.O 
GU TO l:.J 

144 CONTINUE 
c 
C FOLLO~ING OR QUARTERING SEA CASE 

C REAU IN ~OUNOS FOR RWS AND DELTA RWS 
C (RWS !S REAL WAVE LENGTH I LENGTH OF SHIP> 
c 
C STURE BOUNDS IN RWSCltNtl) N=l•NB 
C INCREMENTS RWSC2tNtl) N=l•NR-1 
C NUMBER OF BOUNDS IN RWSC3,lt1) 
c 
C ROUNDS MUST BE IN ASCENDING ORDER FROM MINIMUM TO MAXIMUM 
c 

c 

c 

RtADI5t31 CRWSCltNtl)tN=lt8) 
PtAD{S,J) CRWSC2tNtlltN=lt8) 
~lAD(S,J) OMIN,OMAXtDOME 

Nd=Q 
Oli 301 1:::1,8 
IF (RWS ( ~-.,I, 1) .LE.O.O ) GO TO 302 
N8=NB+l 

301 CONTINUE 
302 CONTINUE 

Rw'S(J,l,l>:::NB 

WHITE(6,Jl CRWSCl,N,l>,N=ltNB) 
N!-l=NH-1 
WHITE(6,J) IRWS(2,~tlltN=ltN8) 
W~ITEC6t3l UMINtOMAXtDO~E 

43 RtADCSt3l ELtGYRtGYRTtGCBtVCGtGMT,OEPCATtBRCL 
REA0(5t3l FAL,FAY;OEPAtCHROAtSPNAtTHKAtCLFAtXZrA 
READ ( 5 t3 l FBL, FBY, OEPR-, CHROB 'SPNtj, THKI::It CLFBtX ZFB 
RtAD(5,7l XZFOtXZVLtXZHBtXZPBtKVtKW 
R t. AD ( 5 '4 l < S T C I ) t eEAM ( I ) , DRF T ( I ) tARE A ( 1 ) t NM ( I ) , MPS ( I ) , 1 •1 , NOS) 
WRITE(6,5Jl ELtGYRtGYRTtGCBtVCGtGMTtUEPCATtBRCL 
WRITE(6,53) FALtfAYtDEPAtCHRDA,SPNAtTHKAtCLFAtXZFA 
W~ITE(6,53l FBLtFBYtDE~B,CHRUB,S~NBtTHKBtCLFBtXZFI::I 
WRITEC6,57> XZFOtXZVL,XZHBtXZPAtKV,KW 
WRITE (6 t54) (ST C I) tBEAM (I) tDRF'T ( 1>, Ar~EA ( 1) tNM Cl) tMPC\ Cl) t I=ltNOS) 
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MSaO
DO 30 I~~1,NOS
I~~(ST(I),NE.10.) GO TO 30MS~ 1
GO TO 31

30 CONTINUE
P4 S~ 0

31 NIXZNM(1)
01) 10 1 2,NUS
IP (NIX.GE ,NM(I)) GO TO 10
NIX~NNU)

10 CONTINUE
I.’~(1 )*IABS (N M (1))
NUX IN (1)
DO 20 I=2,NOS
I i ( I) 1*11S (NM ( I)
IF NUX .GE .INCI)) GO TO 20
NUX IN (I)

20 CONTINUE
DO 21 1 1,NUS
BtAM C I) BEAM ( I) ‘SCALE

21 D~FT (I) =DRFT (I) ‘SC ALE
If (NUX.LE,O) GO TO 13
N’~AG NPAG+ 1
W~UTE (6,5) (PATT (I),1 1,7),(TITLL (I),I=1,R),PATT (8),NPA(,
KIM=0
DO 11 I=1,NOS
Y~
(i (I) O.

If(I N (I).LE.0) GO TO 11

NtJT IN C I)
If (N UT.LE.8) GO TO 14
L~ E 5

14 KIM=KIM+LEE
If UcIM .LE ,50 GO TO 15
pcl M=LEE
N~AG NPAG. 1
W~ ITE (6.S) (PATT (J) ,J :j , 7)  (TITL1~(J) .J 1,8) ,PATT(8) ,NPA(,

15 w~ ITE (6,335) ST (I)
Pt.AD (5.40) (X (IiJ).J 1.NUT)
Rt.AD(5,40) IY(I.J),J 1,NUT)
W~ ITE (6.40) (X.(I,J),J 1,MJT)
w~UTE (6.4O) (YU,J),J 1,NCJT)
DO 165 J=1,NUT
X (I .J) * (I ,J) ‘SCALE
‘V ( 1, J) =Y (I J) ‘SCALE

165 YJK(J) ’VU ,J)
YL&S XMAX (NUT,yJP~)YSML=XMIN (NUT .YJ~ )DP.~FT (I) ~YLGS—YSML
Y~
(., (I) YLGS

11 CONTINUE
13 IF (SCALE.EO.1.) 60 TO 23

EL EL ‘ SC ALE
VC6 VCG*SCALE
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G”lT=GMT~ SCALE
flt PCAT=DEPCATaSCALE

L CL * SC ALE
DL) 22 1 1.NSI)

22 SiJ (I)~~SO (I)*SCALEDL) 24 1 1.NSTP
24 RlM~fJ ( 1)  =l~MM~iT II) ‘SCALE
~~ PtAI)(5,?) NOW .NOL.NS~~,NST

I~ 
(NOw.LE.O) GO TO 75

Qt A I I(5 ,3)  (*INK (I),I=l.NOW )
Pt A () (~~ e3 ) (SPIL T (I) , 1 1  ,NOL )
p
~~Afl (5,~~) (SPEEl)(j).1~~1,NSP)I.~t.At)(5.3) (SIAT (1),1 1.NST )
w’~ITE (h. 3) 

(
~~I NIc(1) .I~~1~ NOW)

w~~LTE (~~,3) (S~1LT (I),I~~1,NOL )
w~~ITE (.~,3) (SPEEU (1) ,I=1,NSP

)
w-~ITE (6.3) (STAT (I).1~~I,NST)
N~ N~NOL*NSP
I~ (NF N.(;T.4 .OR. Jb.EO .3 ,OP. JA.NE.fl Gu 10 77

w~~1T~ (h . 8)
JJ= 0
FACT~~1 .~,H8
I~~(IiPAV.LT.32.) FACT= .304R’FACTDL) 150 L 1sNOL
1)’) 150 M~ 1,MSP
Jj=JJ .1

l Sfl F’J(JJ)=FACT*SPEED (M)/SORT (GRAV*SPILT (L))
w~~1TE (h .3) (FN (JJ).JJ=j,t’4FN)

75 1~ (M5.NE.0) 1,() Tu b9
W- [T~ (b.6)(,J TO TM

Aq 1) I M=X M A X ( NO S .Y F 4 & )
flu le, 1~~1.NO s
NU1 iN C I)
J~ ( Nt JT .LE.0) GO 10 16
PU 12 J 1,NUT

12 V ( 1  .J )= V  ( 1  .J )—DUM
1~’ LONTINU~

CULL AET~ KC (4LPGM1)
77 I~ (L P.LE.O .AND. I~~.LE.O) GO TO MO

t ’41)FILE ~eM
c NDF ILE 4~4
L~~IN() 4H

~40 f~ (INP).E(J.O) GO 10 777
1= 7 7 1
W ITE (23) 1.1.1
E ”JDFILE 23
Pc.WINL) 23

777 W ” IT E(b. iOOO)
E”~1()

C. ....~ UNCT II)NS XM IN , x M A ~~, AND SIMPUN NW L ! ST L I )— — S ~~L MOT 3 - , LISTPPG.*’*
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UV1P~LA V (2,0)
P,4OGRAM PGM 1

C
C

C JMMON/SRV1/ ~PAG.TITLE (8),PATT (M ),4ATIo
CJMMON/S~ Y2/ IL). IG.IP.IND,ISU. IS IA ~ T,JA .JH ,JC.K.LP,MAXD,MONO,M5,X NIX,NLOOP,NSD,NSO,NSTp,NUx
CUMMON/SWY3/ NOS,NMC3O ) ,BEAM(30) ,DWF T (30) .AREA (30) ,MPS(30),

X t)MA (30).AVI)A (30),AVMM(30),ST (30),IN (30),SUAP(30),
X X ( 3 0 .2 0 ) .Y ( 3 0 ,2 0 )
CUMMON/S~ V’i/ NLIT,NUN,NOE,XS(20),YS(20),x* (lq),yy (19),OEL(19),

sNE(1~P),csE (1q)CUMMON/SRV5/ VOL,X1P.OST,PST,RAM,W .~T,AIp,AMP1,AMp2,DS (30) ,SS(30)CUMMON/SPV6/ NOW,NOL.NSP,NST,WINK (5),Sr4LT (6),SPJEEU (6),STAT (20)
CJMMON/SkY7/ NFN,NFNS,FN (6),FNSC6)
CJMMON/SI~Y8/ NP3TA .NHTAS ,NRTAT ,NHTAO ,wArIG(8) ,COSBET(3) ,sINRET (3)
CJMMON/S~ Y9/ NFI~,NFPS,UMEN (30),OM1NS (3O),OMjN,UMAX,flUME,OWAXCUMMON/SI~Y1O/XZHH,XLPR.XZFO,XZvL ,KV,KWCO MMON/ S RY 11/C HPL)A , IP I KA ,SPNA, FA L,X Z FA,C L FA,DEPA,FAY
C iMMON/SRy12/CHRD8.THK ~~,SPNA,FBL,xZ~~j ,cLfPI,l)EpM,F~~y
CUMMON/SRY13/G~~AV.U1PCA T ,S D (6 ) , P)~MS 1( 1 Q) , I~~MHT ( 10)
C UMMON/S RV14/E L,GC H,oy ,? .GYPT ,GM ,OMT ,GMT S ,vcG ,p F33 ,~~PJb,p.~M55
COMMON/Sky 15/A26(4,30),A62(4,30),A4b(4,30),46414,3O),Abb(4,30)
CUMMON/SP~Y 1 b/ A 2 2 ( 3 0 ) ,A 4 4 ( 3 O ) ,A 2 4 ( 3 O ) , D S P c 3 0 ) , O R p ( 3 o )
CUMMON/SMY17/ASY (30) .DSV (4.30) ,AV (30) ,OV (4.30) ,A~ Y (30) .0kV (30 )
CUMMON/SRV1P3/H22(4,30),F326(4,30),b62(4,30),B4b (4,30),M64(4,30),

~166(4.30).~324(4.3O) 
,P444(4,30.3)

CUMMON/Skyl9/OM€GA,UN,PAS (19),PVS (19),PAi.~(19),Pvk (19)
CUMMON/SPv20/HLOG (19.19 ,YLOG (19i19)
CJMMON/SRY2I/KASE (4)  ,MIL (4)  .CW P1 (4 )  ,Cw P~2 (4 )  , W FR (4 ,30 .3)

X wN (4,30.3),SWk(4,3O.3),P~wS (4,3Q,3)
CU M M O N / S H V 2 2 / I I . E F S . L M R , E M V , U c P~ (k , 3 0 , 3 ) , E ) cy ( 4 , 3 O , 3 )
COMPLEX I J , t .F S ( 4 .3 0 .3 )  .EMP(4 ,30 .3)  ,EM Y (4 , 30 ,3 )

C
C END OF COMMON OEC’c
C (MAKE ALL CHANGES AMOVE THESE CAWOS )
C

C UMMON /E NOCOM /ENOC OM
C

DIMENSION SAS(30) ,SHH (30) ,HSMflO) ,XI (20) ,VI (20)
DIMENSION FJC3U ).VCbS (30)

1 FUkMAT C 1IsO ,7X ,*LENGTH HETWEEN PEIWENUICULAP~S = •.F1O.5,IX,A6)
2 FORMATI22X ,~ HEAM AT MIDSHIP = ‘,~~1O.~~,1X,A 6)3 FO~MAT (21X.’DPAFT AT MIDSHIP = •,F1O,5,1 X,A6)
4 fUkMAT (25X,ISHULSPLACEMENT = F~iO.3,10H LONG TONS)5 FoRMAT (1H1,15A6,18*.A6,14)
6 FUkMAT(20X,2OMALOCK COEFFICIENT = F 10.5)
7 FURMAT (6X,’LONGITUL)INAL CENTEP OF HUOVANCY = ‘,F10.5,1X.A6,IX,

X ‘AFT OF f .P,*)
8 Fu~ MAT (6X,34HLONGITUOINAL CENTER OF I~UUVANCY = F1O.5,9H STATIONS)
9 FURMAT (5X,’LONGITUDINAL CENTER OF FLOTATION = *,F10.5,1X,A6.

X ‘ AFT OF F,P•*)
10 FL)kMAT(5X,3SHLON~jIT (iDjNAL CENTEP.~ OF F LOTATION = F1O.b,9H S T A T I O N S )

411 FUR MAT (10X ,’VEWTlCAL CENTER OF HUOVANCY = ‘.F10.5.1X .A6,
~ FROM THE DESIGNEU LOAD WATERL INE’)
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11 FUPMAT (I2X,2$HRADIUS OF GYRATION/L.B.P. a F10.5)
12 F URMAT (44H0 STATION BEAM DRAF T AREA COEFFICIENT)
13 FURMAT (4F9.4)
14 FURMAT (6X,1OIISTATION a F9.4,6X,3OHAREA COEFFICIENT CHANGED FROM Fl

10 .4 .2* ,2HTO,2X ,F10 .4)
15 Ft~RMAT (1H0)
69 FORMAT(13X,27PIGIVEN CENTER OF BUOYANCY a F10.5,9H STATIONS)
90 f ORMAT (3F9.4,E15.8)
92 FURMAT(1HO.5X,3OHMINIMUM CRITICAL ENC. FREQ. • F8.4,16H DUE TO STA

1TI ON F7.4)
206 F URMAT (1Ii0,30x,23H*’*DATA FOR ONE HULL”)
300 FURMAT (27X,13HBEAM/DRAF T a F10,5)
301 FORMAT (26X,14HLENGTM/BEAM a F10.5)
66 F URMAT (1PI0,5X,41HTHE HEAVE—HEAVE RESTORING COEFFICIENT IS F10.5/6X

1.41PITP$E HEAVE—PITCH RESTORING COEFFICIENT IS F10.5/6X.41HTHE PITCH
2—P~ITCH RESTORING COEFFICIENT IS F10.5)

193 FURMAT(6X,32MCRITICAL ENC. FREO. FOR STATION ,F7.4,3P1 = F8.4)
U~(ITS= 6MFEETIF (GRAV.LT.32. UNITS=6HMETERS
F ST EL/20.
GYRZGYR*GYR
GYRT=GVRT’GYRT
VCG=VC~ ,EL
GMT GMT/EL
DO 16 I~=1,NOSIi (.IN (K).GT.O) GO TO 17
SUAR (,c)=AREA(K)*BEAM (K)’DRFT (K)
VCBS(K =0.
GO TO 20

17 NUT=IN (K)
VCBS (K) =0.
VC8A 0.
VCBB=O .
01) 18 J=L,NUT
‘VI (J ) =V ()c ,J)

l B XI (J) *(K,J) • 50(1)
YSML=XM IN (NUT ,Y I
00 190 1J1 1.NUT
NNN=IJI
I~ 
(YSML.EO.YI (IJI)) GO TO 191

190 CONTINUE
191 IJI NNN

1r(MO NO .GT. 1) GO TO 199
I J I J I—i
01) 122 J=1,IJ

122 VCbA=VCBA .ABS((X(K,J).X (K,J.1))’(Y (K,J~”2—Y (K,J.1)”2))’0.2SSOER=SIMPUN(YI ,XI ,IJI)
SQER=ABS (SQER)
00 195 JJJ IJI,NUT
If(JJJ.EQ.NUT) GO 10 127
VC~B VCBB,ABS((X (K,JJJ),X (K,JJJ.1))*(Y (K,JJJ)**2—Y (K,JJJ.1)**2))*
‘0.25

127 CONTINUE
P(IcK JJJ—IJI.1
XI (KKK ) XI (JJJ)
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195 Y1 (KKK )=Y1 (JJJ)
SOLR2=SIMPUN V I ,XI ,KtcK)
IF (P4ONO—1)Sb,57 .199

56 SOAR (K)=ARS(SQER2)—SQER
VCHS Pc =VCHS K •VCBB•VCBA
GO TO 55

57 SOAR (K)=SQER • SQER2
I P ( X(K .1) ,LE. 0, .AND. X (K.NUT) .LE. 0.) 60 TO 59
V C BS (Pc ) =V C H S ( K )  ~VCBB’VCBAC,U TO 55

5’4 VLMS (K)=VC~ S(K •VCBA—VCBB
r,u TO 55

199 S JEP=SIMPUN(Y 1,X1,NUT)
SoAR ( K )  =2.’ABS (SQER)
NA T = NUT—i
DO 125 J 1.NAT

125 VLr~S(K) VCPiS (K).O.25*ARS ((X(K,J).X (K,J+1) )‘(V (K.J)”2—V (K,J•I)’~12))
V CF4 S ( K )  =2. ’V C BS ( K)

55 )U 196 ~J i.NUT
V I (J) Y ( K ,J )

196 X I ( J ) = X ( K , J )
B L A M ( K ) = X I ( N U T ) — X L ( 1 )
I~~(MONO.6T . l)  P I E A M ( K )  = 2.’F3EA M(IS )
IF (HEAM (K).NE,0.0) GO TO 600
AREA(K)=SOAR(K)/OPFT(K)..2
X (K, 1) X (K~ 1) —0.001
XI (I) X(K,1 )

TO 20
600 A R E A ( P c ) = S UA R ( K ) / ( R €A M ( K ) . D P F T ( K ) )

20 SS ( Pc ) F S T * S T ( K )
16 SAS CK ) SS (K) ‘SOAP(K)

LSU=0
jr (N IX , GT . O )  GO TO 21
flU 32 K =j .N05
1~~(NM(K).GT.0) 60 10 12
I~~((,~EAM (K).LE.0.).Ok.(DRFT (K).LE.O.)) GO 10 32
A IR A .? EA ( K )
P~ T= 0.5*HEAM (Pc)/DPFT (K)
T4P 1 .0/RAT
It (

~~AT .L E.1.0) GO TI) 33
R L O  • 29456* (2 • 0_TAR )
C,))  TO .34

33 kL=Q.29456* (2.O—RAT)
3” UL O .09M125’tRA I+TAR+lO.O )

IP(AREA (K).6T .I~L) GO TO 35
A~ LA (~ 

) =HL•0.0001
GO TO 36

35 I~~(A WEA (K).LT.UL) GO It) 32
A~ EA (K) UL—0.0O0l

36 If (KPK .GT.Q) GO TO 37
K~ K KPK. 1
N~ A(,NPAG.
WkITE (6,5) (PATT (I) .1=1.7) .(TITLE (J) .J=1,R) .PATT (8) .NPA(,
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WP(ITE(6,1S)
37 WRITE (6.14)ST(K),AIR,AREA (K)

LSD~LSD.1SOAR (K) aAREA (K) ‘BEAM (K) ‘DRF T (K)
SAS (K ) aSS (K ) ‘SOAR (K)

32 CONTINUE
21 IF(NU*.LE.0) GO TO 25

It (KPK .GT.0) GO TO 93
Nt’AGeNPAG.l
WWITE(6,5) (PATT(I),I.1,7),(TITLE(J),J.1,8),PATT(8),NPAG

93 W~4ITE (6,l2)
DO 22 Kal,NOS
IF(IN (K).LE.0) GO TO 22
LSL)aLSD • 1
IF(AREA (K).LT.1000.0) GO TO 91
WRITE (6,90)ST (K) ,BEAM (K) ,DRFT (K) ,AREA (K)
GO 10 22

91 wMITE (6,13)ST(K).BEAM(K),DRFT(K),AREA (K)
22 CONTINUE

IF (MIX.LE.0) GO TO 25
o* 100.0
IF (LSD.LT.23) GO TO 201
NP~.4G NPAG.1
W k IT E(6 ,5) (PATT (I),Ia1,7).(TITLE (J),J l,8),PATT (8),P4PAG

201 WRITE (6,15)
01) 23 K I,NOS
If (NM (K).LE.0) GO TO 23
iF (8EAN (K) .ME , 0.0) GO TO 601
FJ(K) = 0.0
1,0 TO 602

601 CON1INUE
4=3. I415927~DRFT (K) /BEAM(K)A:A/TANPI(A )
FJ (K) SQRT (A*EL/DRFT (K))

602 CONTINUE
I~~(F J(K).GT.UX) GO TO 233OX FJ (K)
JUMNaIc

233 wRITE (6,l93)ST Uc),FJ(K)
23 CONTINUE

wRITE (6,92)OX,ST(JOPIN)
25 CONTINUE

VOL SIMPUN (SS,SQAR,NOS)
IF (BEAM (MS).EQ,Q,O) GO TO 703

BLUCK VOL/ (EL*BEAM (P’IS) ‘DRF T (MS))
(.‘0 T0 704

703 BLOCK O.O
704 CONTINUE

VC8 SIMPUN (SS,VCBS,NOS) /VOL
ROY SIMPUN (SS,SAS,NOS) /VOL
Ct~LaBOY/FSTIF (GCB.LE.0.0) GO To 68
ROY FST’GCB

68 DO 19 Ical,NOS
S’18(K)z(SS (K)—BOY)’BEAM (K)
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19 HSB (K)~~(SS (K)—B OY)*SMR (K)
EL2=EL*EL
A’4PI SIMP’UN (SS,BEAM,NOS) /EL2
A *’2 SIMPUN (SS,P4SB ,NOS) / (EL2’EL2)
CUN EL2*EL/ VOL
Pt 33=CON~ AMP1
Bu ABS (VCG’EL.VCB)
kMS5 CON*AMP2~ BG/ELP~ 35=SIMPuN (SS.SMB ,NOS) /VOL
G4TS 0.
It (ABS(G MT).GT,l.(—04) GO 10 403
DL) 402 K 1,NUS

402 SH~~(K)= t3EAM (K)**3
GMTS SIMPUN (SS,SPIB ,NOS) / ( 12.’EL’VOL ) —F36/EL

403 CFL=I30V.EL’kP35/RF33
F LC=CFL /F SI
PsT=FSTaCBL
FACT=35,$9744
it (GRAV .LT.32.) FACT ,02832*FACT
VUL VOL/FACT
NP’AG NPAG+ 1
WRITEL.5) (PATT (I),I=1,7),(TITLE (J).J 1,8),PATT (8),NPAG
wRITE (6.206)
WRITE (6.1) ELsUNIIS
wRITE (6,2) MEAM (MS).UNITS
WRITE (6.3) DRFT (MS),UNITS
wRITE (6.4) VOL
VUL VOL*FACT/EL**3
wRITE (6,6) HLOCK
WRITE (6.7) PST,UNITS
WRITE (6,b)CbL
I~ (GCB.LE.O.0) GO TO 67WRITE (6.69)GCB
PST=FST*GCH

67 WRITE (6.9) CFLSUNITS
WRITE (b,10)FLC
WRITE (6.11 1) VCR .UNITS
BOR BEAM (MS) /DRF T (MS)
WRITE (6, 300) BDP
If (I3EAM (MS).EQ.0.0) GO TO 700
ELP3R=EL/8EAM (MS )
GO TO 70 1

700 ELt~R O.0
701 CONTINUE

WRiTE (6,301 )ELBR
WRITE (6,66) RF33,RP3SsRMS5
00 31 K l,NO5
SS (K) SS(K)/EL
SOAR (K) SQAR (K) /EL”2
Rt.AM (K) =aEAM K /EL
O~4 F T ( K) = D R F T ( Pc )/E L
IF (NM (tc).LE,0) GO TO 31
NUT IN (K)
DL) 24 J 1,NUT
X (K.J) =X (K,J) /EL
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24 Y (K,J) Y (K,J)/EL
31 CONTINUE

PST =PST/EL
CALL NILS(NOS,MS,ST,DS,JFK)
IF (JFtc.GT.O1 60 TO 76
IL) —I
GO TO 77

76 If (OMIN .LE.0.0.OR.JA .EQ,3) GO TO 77
C
C TRA NSFER TO LOOP TO CALL PGM2 AND PGM3
C

CALL AETSKC (5LPGM1A )
C
77 CONTINUE

It (ID.EU.2 .OR. ID.EQ.—l ) CALL AETSKC(6LM0T246)
CALL AETSKC (4LPGM4 )
END
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U~IEPLAY 
(3,0)

PROGRAM PGM1B
C
C
C

COMMON/SRY1/ NPAG,TITLE(8),PATT(8),PATIO
CUMMON/5RY2/ IDsIG, IP.IND,ISU,ISTART ,JA,JB,JC,K,LP,MAXD .MONO.MS.

X NIX,NLOOP,NSD,NSO,NSTR,NUX
CUMMON/SRY3/ NOS,NM (30),BEAM(30),ORFT (30),AREA (30),MPS (JO),

X DMA (30),AVOA (30),AVbM(30),ST(30),IN (30),SOAR (30),
X X(30,20),Y(30,20)
COMMON/SRV4/ NUT,NON,NOE,XS (20),YS (20),XX(l9),YY (19).OEL (19),

x SNE(19),CSE (19)
CUMMON/SRYS/ VOL,XIP,DST,PSI,RAM,DRI.AIR,AMPI,AMP2,DS (30),Ss (30)
COMMON/SMY6/ NOw,NOL,NSP,NST,WINtc (5).5tLT (6).SPEE.ij(6),STAT(20)
CUMMON/5HY7/ NFN,NFNS,FN (6) ,FNS(6)
CL)MMON/S RV B/ N B TA , N BT A S , N B IA T , NB TA Q ,W A N G ( 8 ) , C O S B E T ( 3 ) , S I N B ET ( 3 )
COMMON/SRY9/ NFR,NFRS,OMEN (30),OMENS (30),OMIN,OMAX,00ME,OWAX
COMMON/SPY 1O/XZHB,XZPB,XZFO,XZVL,IcV,KW
COMMON/SPY 11/CHROA ,TPIKA ,SPNA,FAL,XZFA,CLFA,DEPA,FAV
C0MM0N/S~ Y12/CHROB,THK8,SPNB,F8L,*ZF8,CLFB,DEP~ .FBV
CO MMON/SPY 13/G RAV ,D EPCAT,SD( b)  ,RbMST (10) ,PMMHT (10)
CUMMON/S~ Y14/EL,GCB,GVR,GYRT,GM ,GMT ,uMTS,VCC,,PF33.RP35,RM55
COMMON/S PY 15/A26 (4 .30) .A62 (4 .30) ,A46 (4 ,30)  ,A64 (4 ,30) ,A66 (4, 30 )
COMMON/SPY 1 b/ A 2 2 ( 3 0 ) ,A 4 4 ( 3 0 ) ,A 2 4 ( 3 0 ) , D S R ( 3 0 ) ,O R R ( 3 0 )
CUMMON/St~t17/ASY (30),DSY (4,30),AV(30).DY(4,3O).ARY(30),ORY(30)COMMON/St Y 1~3 /R2 2 (4 ,3 0) , R2 6 (4 ,30 ) , B 6 2(4 , 3 0 ),B4 6 (4 , 3O) , B 6 4(4 ,3O) ,

x B66(4,30),B24(4,30).H44(4,30.3)
CUMM O N / S t V 1 9/ O M E G A , U N , PA S ( 1 9) , P V S( 1 9) ,t ’A R( 19 ) , PV N( 1 9)
CUMMON/ S RV2O/ t4 L06 C 19, 19) ,Y LOti ( 19. 19)

‘1/ S P Y 2 I/ KA S E  (4 )  ,MIL (4 )  , CW R1 (4 )  .CW R2 (4 )  .w FR (4 , 30. 3)
X WN(4,30,3),SWR (4,30,3),RWS(4,30,3)

CUMMON/ SPY 22/ I i,EFS ,EMR ,EMY ,EKR (‘4 , 30 .3) ,EKY (4, 30, 3)
( UMPLEX I I, LFS(4 ,30 .3)  .EMR(4,30,J)  ,EMY(4 ,30 ,3)

C
C END OF COM~~ur. DECK
C ( MA K E ALL CHANGES ABOVE THESE CA RDS )
C

COMMON /ENDC tiM / E NUC OH
C

COMPLEX TEMP
T~~uDL= 2./EL
CUN 1 .6M8
It (G RAV. LT .32 .)  CON .3048*CO~4
CUN=SOR T (GRAV’EL ) ICON
FMC T =SQRT (GRAy/EL )
FAPO =O .017453293
850= BEAM (MS) ‘EL
DL) 205 ISD=1,NSO
HrIS=2,0* (50(1St)) )—BSL)
It (MSI) •LE. 1.E—07) GO TO 88
PAT 1O=HHS/BSD
GO TO P37

88 puflO=pjtj5

8 7 It (MONO •GE . 1) RAT IO O.
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SDI=S0(I SO) /EL
SD(ISD)z SO!
IF (AB S (G MTS ) .GT. 1 .E— 04 )  GMTZG MTS ,S DI*S0I*A MPI/VO( .
IF (GMTS.GT.1.E-04) WRITE (6,1?6) SD( ISO ) .GMT
IF(ISO.GT.1) FAY FAY .E L’ (SD ( ISO )— SO ( I$D—l))
IF (ISO.GT.1) FBYSFBY+EL’(SD( !SD) —SO (ISO—1))
CALL AETSKC (5LQPGM2)
IF (ID.GT.1) CO TO 77
CALL AET SKC (6L~ PGM28)
IF(ID.GT.1) GO TO 77
CALL AET SKC (5LQPGM3)
IF (NOw.GT .0) GO TO 78

5 FORMAT (jHI,15A6,18X,A6,14 )
171 FORMAT (3x,’WAVE HEADING =‘,F6.1,’ OEGREES’/)
172 FORMAT (3x,’ABSOLUTE DISPLACEMENT, VELOCITY, AND ‘,

X ‘ACCELERATION AT STATION ‘,F5.1,’ AND HEIGHT ‘,F5.1)
173 FORMAT (//3X,’SPEED =‘,F5.1,’ KNOTS’)
174. FORMAT ((SX ,F10.2,3(7X,F 8.3),5X ,F10.k))
115 FOPMAT (3x,’ENC PER (SEC)’,6X,’ABS OISPL’,12X,’VEL.’,8X,

X •ACCEL/G’ ,7X,’WAVE L/L’)
176 FORPIAT (////1QX,’CALCULATEO GMT = ‘,E12.5,’ FOR SEPARAT ION •

X ‘DISTA NCE OF •,F7.2)
00 150 KI=1,NSTR
LINES=2
NPAG=N PA Gil
WRITE (6,5) (PATT I ,I=1 ,7),(TITLE(I),I=1,8),PATT (~~~,NP4G
RBMSTK=R BMS T (KI )
RBMP4 TK=RBMHT (Kt )
WRITE ’6, 112) RBP4STK,R P3MHTK
AR M= Et .*( PST — .05 ’ RBMST K)
00 150 MM=1 ,NBTA
00 160 JJ:1,NFN
LMT MIL ( JJ)
IF(L.MT.LE.0) GO TO 160
SPID=FN ( JJ) ‘CoN
LINES LI NES+LMT ‘5
IF (LINES .LE .60) GO TO 89
LINES=5
NPAG NPA Gil
WRITE (6,5 (PATT(I),! j,7),(TITLE (I),I l,8).PAT T(S),NPA~
WRITE (6, 172) RBMSTK ,RBMHTK

89 WRITE (6,173) SPIO
WRITE (6,171) WANG (MM )
WRITE (6, 175)
DO 170 N=1 ,LM T
TEMP=EFS (JJ,N,MM)
SWAY=REA L (TEMP)
OELTA=FA RD ’AI MA G (TEMP)
TEMP=EMY (JJ,N,MM)
YAW TWoDL*REAL ( TEMP)
EPSIL=FARO ’A IMAG (TEMP)
TEMP=EMR (JJ,N,MM)
ROLL zREA I (TEPIP)
RPHASE=F ARD ’A !MAG (TEMP)
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A t 3 M A ’ S W A Y ’ C O S ( O E L T A )  + A R M ’y A W ’ C O S ( E p S I L ) —p p M R T ~~~R OLL ’C3S (RP ~ A3r )
ABM8ZSWA Y’SIN (OELTA ) ,ARM’YAw’SIN (EPSIL) —RflMI4TW ’ROLL’SIN (RP~~A SE )
ARMC=SQR T (ABMA ’A8P4A.ABMq’ABMB )
OMEGAE=O MEN (N)’FACT
ENCP 6.2 831853/OMEGAE
VEL=OMEGAE’48M0
ACC€ L= OM E~GAE’VEL/GRAV

170 WRITE (6,174) ENCP,A8MO,VEL ,ACCEL,R WS (_J,P~,MM)
160 CONTINUE
150 CONTINUE

ro~ i
77 CONTINUE

IF( INO.EQ.0)  GO TO 78
00 8 1 JJ 1,NFN
DO 81 N 1,NFR
00 81 MM= 1,NBTA
EMR(JJ , M ,M M ) = E K R ( J J , N , M M ) 4 I I ’ A I M A G ( E M R ( J J , W , MPI ) )

81 EMY (JJ ,N,M Mt EKV( JJ ,N ,MM)+II A IMAG (EMY (JJ ,N ,Ht1)
W~ ITE (23 ) NFN,NFR,N8TA
WR IT E (2 3 ) ( FN( 1 , I = 1 , N F N ) , ( O M E N ( ! ) , I = 1 , N F P ) , ( W A F I G ( I ) . I z l , N B T A )
W R I T E ( 2 3 ) ( ( ( W F ’~(JJ ,N,PIM) ,EFS (JJ , N,MMJ , EMR ( JJ,N ,t1l1) ,F~1Y (JJ ,N,MM )

X JJ=1,NFN ),N=1 ,NFR),MM=1,NO TA)
78 CONTINUE

I F ( J A . F Q . 2 )  CAL L A E T S K C ( 5 L P G M I A )
IF( I0 .E~~.2 • QR . ID.EO.— 1 ) CALL  A E T S K C ( 6 L M~~T 2~~6)
IF LP.EQ .0  .AND.  IP.EQ.0 .AN D. f 4 O W . E Q . 0 )  C A L L  A E T s k C bL,loT2 ’46 ,
TF (LP .EQ.O •AND.  IP.E0.0)  CALL  A ET S K C (~~LDGM~~)

2 C 5  CONTINUE
END
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PROGRAM OPGM2
C
C

COMMON/SRY1/ NPAG,TITLE (8),PATT (8),RATIO
CUMMON/SRY2/ ID. IG, II’, IND. ISO, ISIA PT ,JA,JB ,JC,K,LP,MAXO ,MONO,MS,

X NIX,NLOOP,NSD.N50,NSTR,N(JX
CUMMON/SRY3/ NOS,NM(30),BEAM (30),OPFT(30),AREA (30),Me’S (30),

K OMA (30),AVDA (30),AVBM (30),ST (30),IN (30).SQAR(30),
X X(30,20),V(30,20)
CUMMON/SRY4/ NUT.NON.NOE,XS(20),YS(20),XX(19),VY(19),DEL(19),

X SNE(19),CSE (19)
CUMMON/SP~Y5/ VOL,XIP,DST,PST,BAM,DRT,AIR,AHP1,AMP2,DS (30) .55(30)
CVMMON/SRV6/ NOW,NOL,NSP,NST,WINIt(5),SHLT (6),SF’EED (6),STAT (20)
CUMMON/SRY7/ NFN,NFNS,FN(6) .FNS(6)
C JMMON/SRYH/ NBTA ,NL3TAS,NBTAT,NBTAQ,WANG(8 ),COSBET(3) ,SINRET (3)
CUMMON/SRY9/ NFR,NFRS,OMEN (30) ,OMENS (30 ,OMIN,UMAA ,00ME ,OWAX
COMMON/SPY1O/XZHB,XZPF3,XZFO,XZVL ,KV.KW
CUMMON/SRY11/CHRDA,Tt-$KA,SPNA.FAL,XZFA,CLFA,DEPA ,FAY
COMMON/SPY 12/CHRDB,TIIKB,SPNB,FBL,XZFt3,CLFB,DEPB,FBy
COMMON/SPY 13/GRAy • DEPCAT , SD (6) , RBMST ( 10) , RBMHT( 10
CUMMON/SRY14/EL,GCB.GYR,GVRT,GM ,(jMT,t,MTS,VCG,RF33,RP35,RM55
CUM~ ON/SRY15/A26(4,30),A62 (4,30) ,A46(4,30) ,A64(4.30) ,A66(4,30)
CUMMON/SPYI6/A22 (30),A44(30),A24 (30),DSR (30),DRR (30)
COM MON/SPY ! 1/ASY (30) ,DSY (4,30) ,AY (30) ,DY (4,30) ,ARY (30) .DRV (30)
CJHPiON/S~~~18/H22 (4,30).B26(4,30),B62(4,3O),B46 (4,30),B64(4,3O),

K B66(4,30),824(4,30),B4’4(4,30,3)
CU’-~~ON/SRY19/OMEGA,UN.PAS (19).PVS(19) ,PAR (19) ,PVP (19)
CU~4MuN/SRY20/RLUG ( 19. 19) , YLO& ( 19’ 19)
COMMON/SPY21/IcASE (4) ,MIL (4) ,CWR1 (4 )  ,CWR2 (4) • WFR (4.30. 3)

X WN (4,30,3),SWR (4,30,3),RWS (4,30,3)
CUM~1(:~ ‘SRY22/II,EFS,EMR,EMY,EKR (4.30,3) ,EKY (4,30,3)
CUMPLEA II.LFS(4,30,3) ,EMR(4,30,3) ,EMY (4,30.3)

C
C END OF COMMON DECK
C (~~A~~ ALL CHANGES ABOVE THESE CARDS)
C

CUMMON/ENDCOM/ENDCOM
C

1 FORMAT(1 HQ,5X,’DYNAMIC COEFFICIENTS OF THE EQUATIONS OF MOTIUN’
K / // /6~~,*A22 IS SCALED BY M. */ /
X 6X,’A2’., A26 AND A62 ARE SCALED BY *,4HM*L.//
K bX ,*A 4’., A46, A64 AND A66 ARE SCALED BY *,6HM*L’L.//
K 6X.*B22 IS SCALED BY •,l2tI M’SQRT (G/L),//
K 6X, *P324, B26 AND 862 ARE SCALED BY *,I2HM*SQRT (13,L),//
K 6X,’B44, 846, B64. AND 866 ARE SCALED BY ‘,141-$M’L’SQRI(G’L).//
X 6X,4H844’,’ IS B44 EXCLUDING CROSS—FLOW DRAG CONTPIBIJTIONS .’//
X 6X.’M IS THE DISPLACED MASS .*//
K 6X,*G IS THE ACCELERATION DUE TO GPAVITY .*//
K 6X,*L IS THE DISTANCE BETWEEN PERPLNDICULARS .’////
x 6X,’FN IS THE FROUDE NUMBER = (FORWARD SPEED)/SQRT (G’,4H*L).//
X 6A, *p3E~~A IS THE WAVE HEADING ANGLE IN OEGREES.*/
K bX ,*t3ETA = 180. FOP HEAD SEAS.*//
K 6X,*OMEGA IS THE ENCOUNTER FREUUENCY NON—DIM€NSIONALIZED*
K * HY SQRT(G/L),’//
K 6X,*IHE HULL SEPARATION/BEAM PATIO IS THE DISTANCE’/
X 6X,*METWEEN THE HULLS DIVIDED BY THE BEAM OF ONE HULL.’)
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2 FURMAT (1HO,SX ,’BARE HULL POTENTIAL FLOW ADOEO MASS CU~FFIC1ENTS*/
K 6X,’FN = 0

X F5.3//10x,.OMEGA*,7X,,A22e,3x,’A24 A42,,7X,~ A26,,7X,*Ah2.,7*,
K •A44’.7X,’A46’,7X,*464*,7X,’A66’)

3 FURMAT (IHO ,SX,’BARE MULL POTENTIAL FLOW DAMPING COEFFICIENTS.,
K 6X,’FN =

~ 10 X , ’OMEGA’ ,7K , *822* ,3X, *B24aB42* ,TX , *B26* ,7X , *1462’ ,7X , *B440 .
K 7X.’t~46’.7X,*A64’,7X,*B66*)
4 FURMAT (F15.4,8F10,6)
5 FOR MAT (IHI,15A6,18X,46,I4)

11 FOR MAT (1h0,5X,8HSTATION,F7,4)
150 FORMAT (IHO,80X,*HULL SEPARATION/BEAM =‘.F7,4)
205 FURMAT (1H0,5X,43HPROJECTED AREA 0F THE SuBMERG€ .O HULL/L”2 =,E15.6

I/~ X,13HMOMENT/L”3 z.E15,6,SX,24HMOMENT OF INERTIA/L”4 =,€IS. 6
DI MENSION XJK(20)
COMPLEX F2D,F401,F4D2,F60,ICOSRK,EKD2X,CEKXC
IF(i.EQ.0) CALL PGM1B
QRI = 0.7853982
EL2=EL*EL
RVOL VOL*tL *EL2
NSO NOS
I1 (0 .0 .1 .~~

)
DO 12 MM=1~~NBTA
W AN D WA NG (MM ) ~.O1745329252
CUSBET (MM ~ COS (WANt))

12 SINBET (MM~ = zIN (WANO)
CA LL QDFCN
00 151 JJ I,NFN
DO 151 N=1,~~~R
DO 151 MM~~I,~J BTA

151 QwS (JJ.N,MM ) =1 ./SwR (JJ,N,MM)
DO 40 N 1,NFR
4d2 (N) =0.
A~ 4 (N) 0~A44 (N) =0.
DSP (N) =0.
DRR (N) 0.
A SY (N) 0.
A Y ( N ) 0.
A RY (N) 0.
DRY (N) =0.

40 CONTINUE
DO 50 JJ 1,NFN
DO 50 N=1,NFP
OSY (JJ.N )0.
DY (JJ.N) 0.
B~2 (JJ,N) 0.
DO 50 MM=1,NP3TA
EPS (JJ.N,MM) = (0. ,0.)
EMR (JJ,N,MM)=(0. .0.)

50 E~ Y (JJ,N,MM ) = (0. ,0.)
SIA SIM S I  I SIR SIRM SIRR O.
PR0A PROM~ PpOI O,
DU 60 K=1,NOS
XIP PST—SS (K)
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XIP2~ XIP’XIP
OS T= OS ( Pc
NUT=NM (K)
IF (NUT .EQ. 0) GO TO 60
DO 333 IJKal,NUT

333 XJK (IJK)=X (K,IJK )
)(LGZXMAX (NUTs XJK )
XSM XMIN (NUT ,XJK )
AVBM (K) =XLG—XSM
BAMZBEAM (K)
DRT DRFT (K)
AIR AREA (K)
DA DST*AVBM (K)
P RU A= PR 0 A + DA
PNOM=PROM—X IP’DA
PROI=PROI.X1P2*OA
NON NOT— 1
NUE 2’NON
DO 62 J=1,NUT
XS (J) X (K,J ) + S 0 ( I S D )

62 yS(J)=Y( tc,J)
YSML = XMZN (NUT,YS)
YLG XMAX(NUT,YS)
OM~~~LG—YSML
DMA (K) DM
4V0 .5’ (YLG+YSML )
A VDA (K) =AVD
048=OST’DM
SIA SIA+DAB
51M=~~IM.DAB’XIP
S1.I=SL +OAB’XIP2

C MD IS A NEGATIVE NUMBER
DAB=DAB .AVD
SIR SIR—DAB
SLRM SIRM—DAB’XIP
SIPR=SIPR.DAB’AVO
DO 65 IJI = 1. NUT
NNN = IJI
If(YSML.EQ.YS (IJI)) GO TO 66

65 CONTINUE
66 MAXD NNN

IF (MONO .GT. 1) MAXD I
DO 63 J*1,NON
XA (J):0.5~~(AS(J).XS(J.1))
YY (J)zO,5*(YS(J) .YS(J.1))
XINTaXS(J.1 ) —XS (J)
YINT YS(J.1 )—YS (J)
DEL (J) aSQRT (XINT”2.YINT”2)
SNE (J)2YINT/DEL (J)

63 CSE (J)ZXINT/DEL (J)
CALL FRANK
IF(ID.LT.2) GO TO 60
STAT IONa2O.0*SS (Ic)
WRITE (6, 11) STATION
GO TO 77

60 CONTINUE
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WRITE (6.205) PROA,PROM,PROI
DO 70 Nzi,NFR
GA I OMEN (N)
DLB GXI*VOL
DtA GXI’DEB
Ad2 (N) 422 (N) /OEA
A’.4 (N) 444(N) /OEA
A~4 (N) A24 (N)/DEA
DRR (N) DRR (N) /UEB
DSP (N) DSR (N) /OEB
ARY (N) ARY (N) /DEA
DRY (N) DRY (N) /L)EB
A SY (N) ASY (N) IDEA
A Y (N) =AY (N) /DEA
DO 70 JJ 1,NFN
OSY (JJ,N) =DSY (JJ.N) /OEB
DY (JJ,N) 0Y (JJ,N) /DEB
822 (JJ.N) B22 (JJ,N) /DEB

70 CONTINUE
DO 71 N=1,NFR
GXI OMEN(N)
GA2 GX I *t3( I
00 71 JJ 1,NFN
F aJ=FN tJJ )
Pt~6 FNJ/GX2
P56 =F r~ J *p 26SM ASY (N)
S~~~R26’M22 (JJ,N)
A~ 6 (JJ.N) =SA+SB
Ab 2 (JJ,N)=SA—SB
5M t)5Y (JJ,N)
SH FNJ*A22 (N)
H~6 (JJ.N) =SA—SB
852 (JJ.N) =SA’SH
SA P26*DSR C N)
S~~ APY (N)
A’.6 (JJ,N) =SB+SA
A54 (JJ,N) SB—SA
SA=DRY (N)
S~i=F NJ’A24 (N)
846 (J~J,N) =SA—S8
B54(JJ,N) SA+SB
A66 (JJ.N)=AY (N) +R66’A22 (r4)
856 (JJ,N) =OY (JJ.N) +R66’R22 (JJ.N)

71 CONTINUE
It (IG.LT.2) GO TO 306
WAG=NPAG+ I
WRITE (6,5) (PATT (I),Ia1,7),(TITL ~.(J),J*1,8).PATT (8),NPAb
WRITE (6,150) RATIO
WRITE (6.1)
DO 73 JJ=1,NFN
LMT MIL (JJ)
I~ (LMT.LE,0) GO TO 73NRALi NPAG+1
WRITE (6,5) (PATT (I),I~~I,7),(TITLE (J),Ja1,8),PATT (8).NPAG
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w~~1TF (6.150)WATIU
W~~ITL (~~

,
~~) FN(JJ)

W RlTE (~~.4) (UMEN (N),A (N),A24(N),A ~ b (JJ,N),Afd (JJ,N),A44(N),
K A’.6(J.J,N),A64(~JJ,N) .At~6 (JJ,N),N=1,LMT)

WRI T E ( s , 3 )  FN(J J )
WRITE (6,’4) (UMEN (N),H22 (JJ,N),OSR (tg) ,H26(JJ,N),P362(JJ,N),Dpp (N).

K t446(JJ.N) ,H64(JJ,N) ,BfSÔ(JJ,N),N 1,LMT)
TI C~~NTIN (JE

30~ CONTINUE
Cs A = C H Pt) A * S P ‘~ A
CSB C’-4W1 )H*SPNR
A It 4= (JPI*CSA* (CHRDA+THKA)/RVUL
AtiEH=UPI*CSH~ (CHWDK+THPcR)/RVOL
F~~YEL2=FAY*FAY/ EL2
F-i YLL2=FHY*F P4Y/EL2
V~~AB (CLFA *F AYIL2*CSA+CLFB’FP4YEL2’CSU) / (€L2’VOL )
A ~1AB=FAYLL2*A1 )FA .FHYEL?*ADFH
SuI=S0 ISO)
1 4451=Pi.fflA*SI)I ~‘SuI +5~~

p~
HALVL .~~~XZVL/VUL

~ U 7? N~~1 •NF
p

(,A1=OMFN (N )
G K = L XI OX I
A .4(N) =A44 (N) +AM A ~
U’’ 72 J i 1.NFN
F .~J=FN (JJ)
V (SF ~~~~~vL~~FNJ*FNJ/ (,X?
Ac~5(JJ,’~ )=Ad6(JJ .N)+V1SF*SIA
A.e6 (JJ,N)=A46(~JJ,N )+vTSF*SIP
A b6 (JJ• \J) =Ab 6 (JJ’N) .vTSF*SIM
V I~~F~~HX~~VL*F NJ
S~~~VISF~~SIM
R/6 (JJ,N =H1?6 (JJ.N).SA
Hr2 (J . 1,N) H62 (JJ,N) +‘~A
S~~~DPR (N) +FNJ*VMAH.VISF*134451
DL) 7~, MM= 1,IIHTA

75 H44(JJ.N,MM)=SA
4(JJ,N) DS~~(N) +vISf’SIp

S A V  1SF 4~S 1PM
846 ( JJ, N) =846 ( JJ .N) .S4
H- ’. (JJ,”U H 64 (JJ.N) +54
8~~6(JJ,N).Hb5(JJ,N )+VISF*SII

72 H?2 (JJ,N) =1122 (JJ,N) .VTSF’SIA
DtPCAL=OEPCA I/EL
Do MO JJ=1.NFN
L 4I MIL (JJ)
i~ (LMT.L ~..O) GO TO M O
HALV L= .S’F N (JJ)  ‘Xi VL
0) Hi MM 1,NH IA
C )Sh CUSMET (MM)
SsIN S~II*SIN’~ET (MM)
(JO HI ~~i,L MT
C A Y W N( jJ .N ,MM )
ILUSHK I I*CAY*CUSH
EK I) 1*1’ (—CAY*I)LPCAL)
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F20=f’.[jl =~ 4f~2=F 6fl: (0 • ,fl • )
00 82 k=j,NOS
XIP=PST- SSI K)
0 0 MA C K)
02=—AvoA (K)
CE KXC=CEXP (ICOSBK’x !P)’DST
F KD2X=EXP(— CAY ’12)’CEKX C
F2fl?F20i D’EKD2X
IF (CEPCAT.LE .0.) EKc=Exp(_ cAY .ApEA (K ).o~ rT (~~))

C DEPC A I DEFINED FOR SWA TU
r~ A PEA(~~)~~CPVT(K) GIVES (CR053 SECTIONAL APEA)/ 1,~ •~~~~

F 4.ij AV 8 M (K) EKD’CEKXC
F~~D2~~F~~O 240’C2~~EKC2x

t~~ Ft~fl=F’.fl,xtP’0’EK02X
C O P 1 = I4 X Z V  L W FP (JJ,P4, P 4 W )
A P G = C A Y  ssjNq
COI’lc=CCN ‘CoS (A ~~G)
IFS (JJ .N,MIl):EFS(JJ.N,MM)-CONC’F?D

~~~ (JJ.1 ,MM) EMP (JJ,N,MM )_CO~1~ SflI SI N (A~~~)’Ft. -
FMV ( J J , N ,MM)~~EMV (J J , P ,M M ) — C O N C ’ F6 O

gj CONTP~UE
80 CDNT INU~
77 CONTINUE

CALL A IR TPN’C
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PROGRAM QPGM2I3
C
C

COMMON/SRY1/ NPAG,TITLE (8),PATT (8),RA1IO
CUMMON/SRY2/ IO,IG,IP,IND, ISO. ISTAPT,JA,J8,JC,,c,LP,MAxO,MONO,Ms,

K NIX,NLOOP,NSD,NSO,NSTP,NUX
COMMON/SRY3/ NOS,NM (30),BEAM (30),DRFT (30 ,APEA 3O),MPS(30),

K DMA (30),AVDA(30),AVBM(30),ST (30),IN (30),SQAR(30),
K K (30 .20).Y(30e20)
COMMON/SRY4/ NUT,NON,NOE,x5(20),YS (20),XX(19),yy (19),OEL (19),

K SNE(19).CSEU9)
COMMON/SRYS/ VOL,XIP,DST.PST ,BAM,DRT ,AIR,AMP1 ,AMP2,D5 (30) .55 (30)
COMMON/SRY6/ NOW,NOL,NSp,NST,WINK (5),SHLT (6),Sf’EEO (6),STAT (20)
COMMON/SRY7/ NFN,NFNS,FN (6),FNS (6)
COMMON/SRY8/ NBTA,NBTAS,NBTAT,NBTACJ ,WANG (8),COSBET(3),S1NBET (3)
COMMON/SRY9/ NFR,NFRS,OMEN (30),OMENS (30),OMIN .UMAX,00ME,OWAX
CUMMON/SRY1O/KZHB,XZPB,XZFO,XZVL,KV,PSW
CUMMON/SRY11/CPIRDA,TPsKA,SPNA,FAL,XZFA ,CLFA,DEPA,FAY
COMMON/SRY12/CPiRDB,THKB,SPNB,FBL,XZFB,CLFB,DEPB,FBY
COMMON~’SRY1 3/GRAV,DEPCAT,5O (6) ,PBMST (10) ,RI3MHT (10)
COMMON/SRY14/EL,GCB,GYR,GYRT,GM,(,MT ,GMTS.VCG,PF33,RP35,RM55
CUP4MON/SRY15/A26 (4,30),A62 (4,30),A46(4,30),A64(4,30),A66(4,30)
COMMON/SPY 16/A22(30),444(30),A24(30),OSR(30),DRR(30)
C’JMMON/SRY17/ASY (30) ,DSY(4,30) ,AY (30) ,DY (4. 30) ,ARY(30) .L)RY (30)
COMMON/SPY 18/822(4.30),B26 (4,30),B62 (4,30),B46(4,30),B€4(4,30),

X 866(4,30),824(’4,30),844(4,30,3)
COMMON/SPY 19/OMEGA,UN,PAS (19),PVS(19),PAR (19),I~’VR (1 9)
CUMMON/SRY2O/BLOG (19,19) ,YLOO (19,19)
CUMMON/SRY21/KASE(4) ,MIL(4) .CWR1 (4) ,CWP2(4) ,WFR(4,30,3),

K WN (4,30,I) ,SWR (4,30.3),PWS(4,30,3)
CUMMON/5RY22/II,EFS,EMR,EMY,EKR (4,30 ,3) ,EKY (4,30, 3)
COMPLEX II,EFS(4,30,3) ,EMR (4,30.3) ,EMY (4,30,3)

C
C END (IF COMMON DECK
C M~~cE ALL CHANGES ABOVE THESE CARDS )
C

CJMMON/ENDCOM/ENDCOM
C

DIMENSION DTMA (30)
COMPLEX EGS,ENR,ENY,SEMR (4.30,3)
COMMON /PR23B/ EGS (4,30,3),ENR (4,30,3),ENY (4,30.3)
COMPLEX CZIR,COSBK,SINBKS,ERKSP,LrncSM,EK,EXPL,EXMN,CZZRS,CZIf*4.

x F4OMP,TA,CZIS,CZIY,SZIR,IKS,CEXPA,CLXPB,CEKMA,CEXMB,PA,pB,
K Ei’~DA,EKDB

S FORMAT (1H1,15A6,1BX,A6 ,I4)
7 Fop.(MAT (F15 .4,8F10.6)
6 FORMAT (1HO,5X,eEXCITING FORCE. MOMENTS AND PHASES*////
K 6X,*THE SWAY FORCE IS SCALED BY *,SHM’(j*A.//
X 6X,’THE ROLL AND YAW MOMENTS APE SCALED BY •,6HM’G’A .//
X 6X,7H*MOMENI,’ DENOTES THE MOMENT SCALED BY ‘,
K 2OHM’G’A* (wAVE NUMBER).//
K 6K,*M IS THE DISPLACED MASS.*//
K 6X,’G IS THE ACCELERA TION DUE TO (iPAVITY .’//
K bX ,’A IS THE WAVE AMPLITUDE .*//
X 6X,’L IS THE DISTANCE BETWEEN PEPPLNOICULAR~ .’////
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K SX,*FN IS THE FROUDE NUMBER z (FORWARD SPEED)/SQRT((j’,4H’L).//
K 6X,’BETA IS THE WAVE HEADING ANGLE IN OEGREES.’/
K 6X.’BETA ~ 180. FOR HEAD SEAS.’//
K 6K,*OMEGA IS THE ENCOUNTER FREQUENCY NUN—OIMLNSIONALIZEO’.
K ‘ BY SQRT (G/L).*//
K 6X,’THE PHASE ANGLE IS MEASURED IN DEGREES WITH PESPECT’/
K 6X.*TO THE WAVE AT THL CO. ‘ii
K 6X.’L/LA M = L / (WAV E LENOTH).*//
K bX ,’FOR FOLLOWING SEAS THE FREQUENCY DOMAIN IS DiVIDED INTO’.
K * THREE*/6X,*REGIONS SEPARATED BY TWO CRITICAL SWRe DENOTED ‘.
K •CWRL AND CWR2.’)

B FOR MAT()h0,5X,*EXCITING FORCE, MOMENTS AND PHASES’/
K 6X,’FN = •,F5.3/6X,’BETA =
K * REGION ‘.11.’ CWRI = ‘,F9.4,’ CWP2 = ‘,F9.4/6X,’OMEGA.,SA ,
K ‘L/LAM* ,4X,’SFORC(*,5K,*PHASE*,3X,’RMOHENT*,5X,’(’HASE’,3x,
K 7H’MOM [.NT,3x,*YMOMENT* ,5X,’PHASE.,3X,7H*MOMENT,5X,’LAM/L.)
9 FURMAT( 1HO,5X,*EXCITING FORCE, MOMENTS AND PHASES’/
K 6X,’FN = ‘.F5.3/6X,’RETA =
K 6X,*OMEGA* ,SX,*L/LAM’,4X,’SFORCE’,5X,*PHASE*,3X,ePMUMENT’,
K SX,5HPHASE,3X,7H’MOMENT,3x,7HYMOMENT,5X,SHPHASE,3x,7HeMOMENT,
K 5X,SHLAI ./L)

10 FORMAT ( (1 X,F1O.4,F10.4,F1O.5,F10.3,2(F1o.5,F1o.3,F1o.5) .F10.4)
13 FUPMAT (1HO,5X,eAODED MASS COEFFICIENTS’/bX,’FN =

K iOX, *0ME~,A* ,7X,3HA22,3X,7HA24=A42,7X,3HA26,7X,3HA62,7X.3HA44,
K 4K. 38A46,7X,3H464,TK,3H466)
x 3HA66)

150 FURMAT (1,-sc,80X,23HHULL SEPARATION/BEAM = F1.4)

212 FJ R M A T ( 1 HO ,5X , *FN = ‘,F5.3/6X,’BETA = ‘,F6,1/1QX ,
K *OMEGA~~,5X,*SWAY * ,5K,*PHASE’,6X,*pOLL*,5X,*P,1A5E*,7)c,*YAW* ,5X,X *PHASE* ,5A ,LAM,L*)

213 FoRMAT ( (5X,F1O.3,3 (F10,5,F1O.3) ~I- 10.4 ) )
214 FURMAT //6X,*EQUATIONS OF MOTION SOLVED USING b44 EXCLUDING “

K ‘vISCOuS EFFECTS’)
215 FURMt%T (//6K,*EQUATIONS OF MOTION SOLVED WITH CROSS—FLOW *

K ‘VISCOUS DAMPING AND ROLL WAVE EXCITING MOMENT INCLUDED’)
410 FURMAT(1HO,5x,*OAMPING COEFFICIENTS*/6X,’FN =

K 6X.5PIOMEGA.7K,3HB22,3X,7H824=842,7X,3H844.7X,3HB66.7X.3H826,
K 7X,3H862,7x,3M845,7K,3H864,6x,4H844’/35X,6HBETA =1
K 35X,F6.1/)

411 FORMA T (LX ,F1O .4,91 10.6)
412 FORMAT(1H0,5x,’DAMPING COEFFICIENTS*/bX,’FN =

K 6X,5pIOMEGA,7X,3H822,3X,7H824=842,2 (7X,3HB44),7X,3HB56,7X,3H826,
K 7X,3P1862,7x,3HB46,7X,311R64,6x,4HM44’/31K,2 (4X,6HBETA )/
K 31X,2 (4X,F6.1))

41 3 FURMAT(IX ,FI0,4,1OF1O.6)
414 FOR MAT(1H0,SX,*DAMPING COEFFICIENTS’/bK,’FN = ‘,F5.3//

K 6X,5HOMEGA,7X,3H822,3X,7H824=F342,3(7K,3H1444) ,7X,3H1166,7X.3h1126.
K 7X,3P1862,7X,3H846,7K,6HB64,6X,4HB44*/31X,3(4X.6HBETA ) /
x 31X,3 (4X,F6.1))

415 FUWMAT (jx,F10,4,11F1O.6)
500 FORMAT (///5X.*RULL AMP FAILED TO CONVERGE FOR BETA = *,F6.1.

K * FN = ‘,FS.3/6X,’LAST TWO VALUES = ‘.E12.5,’ AND ‘.E12,5,3ti*”,
K ‘CALCULATION CONTINUES’)

501 F ORMAT(/,,SX,.ITERATION NOT USED. MAX AMP = •,E12.5)
502 FURMAT (5X,*NUMBER OF ITERATIONS ‘,I2)
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IF(1.CQ.0) CALL PGM1B
P1z3. 14159
SLJIZSD (ISD )
St)2~SD I’SDlRF ACT~ SOI
IF MON0.E.Q.2) RFACT ..S’BEAM (MS)
IF UG.NE .3) GO TO 29
KRaO
NPAG~NPAG . 1
WR1TE (6,5) (PATT (I),j~~1,7), (TITLE (I),I 1,8),PATT (8),NPAG
WRITE (6,150) RATIO
W PITE (6,214)
CALL SOLVE (2,VOL,1,NFN,1,N8TA,1,NFR,RFACT)
00 28 JJ 1,NFN
LMT I4IL (JJ)
IF (LMT.LE,0) GO TO 28
DO 27 MM=1,NBTA
LM4 LMT +4
IF 55—KR.GE.LM4 GO TO 26

NRAG~NPAG+ 1
WRITE (6,S) (PATT (I),I=1,7),(TITLL (I),1 1,8),PATT(8),NPAG
WRITE (6,150) RATIO
WRITE (6,214)

26 WRITE (6,212) FN (JJ),WANG (MM)
WRITE (6.213) (OMEN(N),EGS(JJ,N,t4M),ENR (.JJ,N,MM),ENY (JJ,N,MM),

K RWS (JJ,N,MM).N~ 1,LMT)KR KR+LM4
27 CONTINUE
28 CONTINUE
29 CONTINUE

DO B3 JJ 1,NFN
DO 83 N=1,NFR

83 OY(JJ,N) 844(JJ,N,1)
ELEL=EL*EL
FA YEL FAY,EL
FBYELZFBY/EL
DEPAL OEPA/EL
Dt.PBL=DEPB/EL
DEPCAL=OEPCA 1/EL
F ALP=PST—FAL/EL
FBLP=PST—FBL/EL
IF(CLFA .LE.0. •AND. CLFB.LE.0. (30 TO 399
CUNA= ,5*SPNA*CHRDA*CLFA*FAYEL/ELLL
CUNBz .5*SPNS*CHROB’CLFB’FBYEL/ELf.L
DO 80 JJ I,NFN
LMTaMIL (JJ)
It (LMT.LE.0) GO TO 80
00 81 MM*1,NBT*
CUSBzCOSBET (MM )
SINB*SINBET (MM)
DO 81 Nzl,LMT
CAY WN (JJ,N,MM )
CAYB CAY*SINB

111



SYA~SlP1 (CAYB’FAYEL)
SYt3~SIN (CAYB’FBYEL )
CAYB*CAY*COSS
WLA*CAYB’F ALP
WLB~CAYB*FBLPCUNzWFR(JJ,N,MM) ‘FN(JJ)
FtXA*CON’EXP (—CAY*DEPAL) eCONA’SYA
Ft.Kb~CON*EXP (—CAY’DEPBL) eCONB’SYB

81 EMR(JJ,N,MM )zEMR (JJ,N,HM )—FEX~ *CEXP(LI*WLA)—FEX8*CEX tJ (II*WLR)
80 CONTINUE
399 IF (KZFO.XZFA+KZFB.LE.0.) GO TO 73

C .21221 2/(3’PI)
C .O0~=A/EL=EMPIRICAL FACTOR
C CONI (.005’EL)’.21221’KZFO/EL

cUNT~~.O01061*KZFU
CONS CONT /VUL
CON 2,/ (3.’PI’ELEL’EL)
CUNEA CON’XZFA’F AYEL’CHPDA*SPNA
CUNEB*CON*KZFB*FBYEL*CHRDB.SPNR
CONOA CONEA’F A YEL/ VOL
CONDB*CO~EB*F8YEL/VOL
DO 70 JJ I,NFN
LMTzMIL (JJ)
IF (LMT.LE.0) GO TO 70
DL) 71 MM= 1,MBTA
ILOOP — 1
If ( IG .NE.3)  GO 10 78
K R 0
N 1-’ 40= NP AG + I
WRITE(6.5i (PATT(1) .1=1.7), (TITLE (I) ,I=1,8),PATT (8).NPAO
WR1TE (6,150) RATIO
W RIT E (6 ,215)
LM4 LMT+4

78 DO 74 N 1,LMT
74 SEMR(N)—EMR (JJ,N,MM)
555 ILOOP ILUOP.1

CALL SOLVE (2,VOL,JJ,JJ,MM,MM,1,LMT,PF ACT )
IF (IG.NE.3) GO TO ~2IF(55— KR.GE.LM4) GO TO 79
K R 0
NPAG NPAG+ 1
WRITE (6,5) (PATTII),I=1,7),(TITLE (I) ,I=1,8),PATT(8),NPAG
WRITE (6,150) PATIO
WRITE (6,2 15)

79 WRZTE (6,212) FN (J~.H,wANG (MM)WRITE (6,213) (OMEN (N),EGS (JJ,N,MM),ENR (JJ,N,MM).ENY (JJ,N,MM).
K RWS (JJ,N,MM)eN=1,NFR)
K R K  R .LM4

82 IF (NLOOP.LE.0) GO TO 21
DO 54 N=1,LMT

S4 DIMA (N)=REAL (ENR (JJ,N,MM))
ENRMXL ENRMX
ENRMX ZXMAX (LMT ,DTMA)
IF (ENRM*.GT..01) GO TO 556
WRITE (6,501) ENRMK
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ILOOPsNL OOP
GO tO 21

556 IF(ILOOP.LE .0) GO TO 21
IF (ABS (1 .—ENRMX /ENRMXL ).LE.. 1P GO TO 71.

C COMPUTE CROSS-FLOW VISCOUS DAMPING ANO WAV E— EX CITING MOMENT
C

21 DO 75 Nz I,LMT
6*!’ OMEN (N)
CA V. WN CJ J,N, MM)
OMEG .WFR (JJ,N,MH)
WDW zOMEG/GX I
WWxOMEG’ 6*!
COSB=COS BET (MM)
SINB’SIN BET (MN)
EKD=EXP ( —CAY’DEPCAL )
EK QW.WDW ‘(IcO
COSBK=II ‘CAY’COSB
SINBKS=I I’SDI’CAY’SINB
EBKSPZc( XP (SINBKS)
EBKSP’I=tE XP (-SINBKS)
TA~ EGS (JJ,M,MPq )
ZRSZREAL (TA)
ZISZAIM*G (TA )/5?.295?79
CZIS:ZRS ‘CEXPC— II ZIS)
TAzENR(JJ,N,ICM)
ZRR=REAL ( T A )
ZIR=A IMA G (TA)/57.295779
CZIR ZRR ’CEXP (— II’ZIR)/RFACT
TA=ENY (JJ,N ,MPI)
ZRYZREAL (TA)
ZIY=A IMAG TA /57.2957T9
CZ T~~=ZRY ‘CEXP (—II’ZIY)
CZI ; S=II’CZIR
SZI~~zSD! CZIR
B44DMP=0 .
F4.DMP= (0 .10.)
00 72 K 1,NOS
XI PzPST— SS (K)
0=0 MA (K)
02=—AVDA( K)
002 0’D2
AV B=AVBM (K)
DST=DS (K )
EX=CEXP ( XIP COSRK )
EXPL=EX ’ EBKSP
EXMNaEX ’ ERKSM
IF (DEPCAT .LE.rJ) EKDW=W DW EXP (~ CAY *AREA (K ) 0RFT (K))
ZRSOZCAB S (SZTR+EKOW EXPL)
ZRPD CAB S (SZIR—EKOW ’EXPIN)
EPI X=EXP ( —CAV’02)
WX WDW’E P4K
CZIR II CZ IS•XIP’CZIY.02’CZIR
YISDzCABS (I I’CZIRM WX’EXPL )
YIPO=CAB S (II’CZ!RM—WX’EXMN)
Bl.l.DMPzR44OMP.(S02’AVBØ (ZRSO,ZPPO),002*D2’ (YISD+YIPO))’DST
F~,QMPzF4OMP~ (II’AVB SOI’ (ZRSD’EXPL ZRPD’EXNN)-

K 002’ CY ISD’EXPL+YlPO’EXMN ) P ‘OST
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72 CONTINUE
EKDA.E*P (—CAY’DCPAL) ‘CCXP (COSBK’F ALP)
Er L)BaEXP (—CAY’DEPBL) ‘CEXP (COSBK’F EPLP)
Cl ~W0W’EKDAC2 WOW’EKDB
IPcS.I I’CAY’SINB
PA IKS’FAYEL
Pd IKS*FBYEL
CtXPA.CEXP (PA)
CtXMA CEKP (—PA )
CtXPB=CEXP (PB)
CEXMB=CEXP (—PB)
ZSORDA.CABS (FAYEL’CZIR+Cl*CEXPA
Z~OR0A=CABS (FAYEL’CZIR—Cl.CEXMA
ZSOPOB=CABS (FBYEL’CZIR+C�*CE XPB)
ZPOPOB=CABS (FBYEL’CZIR—C2’CEXMB)
R’4(JJ,N,MM)=DY (JJ,N).CONS*GXI*8440MP+GXI’(CONDA’(ZSORDA .ZPOPDA)

X •CONDB’(?SORDB+ZPORDB))
EMP (JJ,N,MM) SEMR (N) .WW’CONT’EKD*F 4OMP+ I I’WW*CONEA’EKDA’

K (ZSORDA*CEXPA—ZPOROA ’CEXMA) +1 I’WW’CONEp3*EKDB’ (ZS0PDB’CEXPB-
* ZPORDB’CEXMB

75 CONTINUE
IF(NLOOP .GT.IL OOP GO TO 555
WRITE (6,S0O) WANG (MM),FN(JJ),ENRMXL,ENRMX

71 CONTINUE
70 CONTINUE
73 DO 85 JJ 1,NFN

LMT2MIL (jJ)
IF (LMT.LE.O) GO TO 85
DU 84 MM 1,NBTA
DO 84 N=1,LMT
EFS (JJ,N,MM) EFS (JJ,N,MM) /VOL
EMR (JJ,N,MM) =EMR (JJ,N,MM ) /VOL
ElY (JJ,N, MM) =EMY (JJ,N,MM ) /VOL
Z RS CABS C EFS C JJ. N, MM )
ZRR CABS(EMR (JJ,N,MM))
ZRY CABS (EMY(JJ,N,MM))
ZLS=O.
IF (ZRS.GT.O.)

K ZIS —57,295779’ATAN2 (AIMAG (EFS (JJ,N,MM)),REAL(EFS (JJ,N,MM)))
1F(ZIS.G1.90.) ZIS ZIS—360.
ZIR=O.
IF (ZRP.GT.O.)

K LIR=—57,295779’ATAN2 (AIMAG (EMp(JJ,N,MM)),REAL(EMR (JJ,N,MM)))
IF (ZIP.LT.—270.) ZIRzZIR+360.
ZIY=O.
IF (ZRY .GT.0.)

K ZIY —57,295779’ATAN2 (AIMAG (EMY (JJ,N,MM)),PEAL (EMY (JJ,N,MM)))
I P (ZIY.LT.—270.) ZIY ZIY,360.
EGS(JJ,N,MM) =CMPLX (ZRS,ZIS)
E’iW (JJ,N,MM) CMPLX (ZRR.ZIR)
E’~Y(JJ,N,MM )=CMPLX (ZRY,ZIY)
CA = wN C JJ,N, MM)
EKR (JJ,N,MM ) 2RR/CAY
EKY (JJ,N,MM) ZRY/CAY

84 CONTINUE
85 CONTINUE 114



IF (IG.LE.0) GO TO 77
IF(I G.EQ.1) GO TO 111
DO 95 JJ 1,NFN
NP~AG NPAG+1
WRITE (6,5) (PATT (I) ,Ia1,7) ~ (TITL L (I) .121,8) ,PATT(8) .NPA (3
WRITE (6,1S0) RATIO
WRIT ((6,13) FN(JJ)
WWITE (6,7) (OMEN (N),A22(N),A24 N),A25(JJ,N),A62(JJ,N ,A44(N).
* A46(JJ,N) ,A64(JJ,N) ,A66(JJ,N) ,N=l,NFR)
GO 10(401,402,403) NBTA

401 WPITE (6,410) FN (JJ),WANG(1)
WPITE (6,411) (OMEN (N),822(JJ,N),t324 (JJ,N),844(JJ,N,1),

* 866(JJ,N),B26(JJ,N),B62(JJ,N),b46(JJ,N),864(JJ,N),Oy(JJ,N),
K N 1,NFR)
GO TO 404

402 WRITE (6,412) FN(JJ),WANGU ),WANG(2)
WPITE (6,413) (OMEN (N),822(JJ,N),B24(JJ,N),(844(JJ,N,I),I=1,2),
* B66(JJ,N),826(JJ,N),862(JJ,N),4346(JJ,N),b64(JJ,N),Dy (JJ,N),
K N~ 1,NFR)
GO TO 404

403 WPITE (6,414) FN(JJ),(WANG (I),I=1,3)
WRITE (6,415) (OMEN (N),822 (JJ,N),b24 (JJ,N),(844(JJ,N,I).I=1,3),

K B66(JJ,N),826(JJ,N),862(JJ,N),b46(JJ,N),B64(JJ,N),DY(JJ,N),
* N=1,NFR)

404 CONTINUE
95 CONTINUE

111 NP!GaNPAG+1
WRITE (6,S) (PATT (I),I.1,7),(TITLL (J),J 1,8),PATT(8) ,NPAO
WRITE (6,150) RATIO
~RLTE (6,6)
NPAGt ‘IPAG+ 1
WRITE (6,5) (PATT (I) ,Ix1,7) , (TITLL(J) eJ 1,8) ,PATT(8) ,NPA(i
WPITE (6,150) RATIO
K R O
DL) 104 MM=1,NBTA
DO 100 JJ=1,Nf N
LMT MIL (JJ )
IF(LMT.LE.O) GO TO 100
LM4 LMT.4
IF(S5—KP .GE.LN4) GO TO 103
K R 0
NPAG NPAG+ 1
WRITE (6,5) (PATT (I) ,I=1,7) , (TITLL (J) ‘J 1.8) ,PATT(8) ,NPA(.,
WRITE (6,150) RATIO

103 IP (KASE(JJ).EQ,0) GO TO 101
WRITE (6,8) FN (JJ),WANG (MM),KASE (JJ),CWRI (JJ),CWR2 (JJ)
GO TO 102

101 WRITE (6,9) FN(JJ),WANG(MM)
102 WRITE(6,10) (OMEN(N),SWR (JJ,N,MM),EGS (JJ,N,MM),ENR (JJ,N,MM),

K EKR(JJ,N,MM ),(NY (JJ,N,MM),EPcY(JJ,N,MM),pWS (JJ,N,MM),N=l,LMT)
KR KPl.LM4

100 CONTINUE
104 CONTINUE
77 CONTINUE

CALL AERTRNK
END
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PROG RAM UPGM3
C
C

COMP4ON/SRY1/ N P AG , T I T L E( 8 ) , P A T T ( k S ) , PA T I O
CO MMON/5Rv2/ ID,IG,IP,IND,ISD,ISTART,JA ,JR ,JC,,c,LP.’,MAXD,MONO,Ms,
* NI X,NLOOP,NSD.NSO,NSTR,NUX
CUMMON/SRY3/ NOS,NM (30) ,BEAM (30) ,DRF T (30) .AREA (30) ,MPS(30),

* OMA (30),AVDA(30),AVP3M (30),ST (30),IN (30),SQAR(30),
* *(30,20),Y(30,20)
CUMMON/SRY4/ NUT,NON,NOE,XS(20),YS(20),XX(19),yy (19),DEL (19),

K SNE(19),CSE (19)
CUMMON/SWY5/ VOL,XIP,OST,PST,BAM,ORI,AIR,AP4P1,AMP2,fl5(30),SS (30)
COMMON/SPY6/ NOW, NOL , NSP,NST ,W IN Ic ( 5 ) , SHLT (6 ) ,S PEED(6 ) , STAT (2 U)
COMMON/SPY7/ NFN,NFNS,FN(6).FNS(6)
COMMON/SRYB/ NBTA,NBTAS,NBTAT,NBTAQ,WAt.46 (R),COSBET (3),SINBET (3)
CUMMON/SRY9/ NFR,NFRS,OMEN (30),OMENS (30),OMIN,OMA (,00ME,OWAX
COMMON/SPY 10/*ZHB,XZPR,*ZFO,XZVL,KV,IcW
CUMMON/SRYI1/CHPOA , THIc A, SPNA , F AL . K ZFA , CLFA , DEPA , FAY
CUMMON/SRY12/CHRDR,THKB,SPNB,FBL,XjFb ,CLFB,DEPB,FBY
COMMON/SPY 13/GRAy ,DEPCA1 .SD (6) ,RBMST (10) ,RBMHT (10)
COMMON/SPY 14/EL,GCB,GYR,GY RT ,GM.GMT ,GMTS,V CG,RF33,RP35,RM55
CUMMON/5PYIS/A26 (4,30) ,A62 (4,30) ,A46(4,30) ,A64(4,30) .A66(4,30)
C LMMON/ S RY16/A 22 (30 )  ,A44 (30) ,424 (30)  ,DSR (30) ,DRR (30 )
COMMON/SPY 17/ASY (30),DSY(4,30),AY(30),DY(4,30),ARY(30),DRY (30)
CUMMON/SRY1B/822(4,30),826(4,30),t162(4,30),B46(4,30) ,B64(4,30),
* 866(4,30),R24(4,30),1144(4,30,3)
CUMMON/SPYI9/OMEGA ,UN.PAS ( 19) .PVS( 19) ,PAR ( 19) , PVR ( 19)
COMMON/SRY2O/BLOG(19.19 ,YLOGCI9’19)
CUMMON/SR Y21/KAsE (4~ ,MIL (4) ,CWR1 (4) ,CWR2(4) ,WFR (4,3O~ 3)~
* WN(4,30,3),5WR(4,30.3),RWS(4,30,3)

COMMON/SRY22/ II ,EFS,EMR,EMY,EKR (4, 30, 3) ,EKY (4 .30,3)
COMPLEX II.EFS(4,30.3),EMP (4,30,3),EMY (4,30,3)

C
C END OF COMMON DECK
C (MAKE ALL CHANGES ABOVE THESE CARDS)
C

COMMON/ENDCOM/ENDCUM
C

COMPLEX EGS,ENR,ENY
COMMON /PR2311/ EGS (4,30,3),ENR(4..30,3),ENY (4,30,3)

I FUPMAT (Ih0,5X,*MOTION AMPLITUDES AND PHASES*////
K 6X,*THE. SWAY AMPLITUDE IS SCALED BY A .*//
K 6X,’THE ROLL AMPLITUDE IS SCALED BY *,6112*A/B.//
* 6X,’THE YAW AMPLITUDE IS SCALEL) BY ‘,6H2*4/L.//
K SX.SH*POLL ,* DENOTES ROLL AMPLITUDE SCALED BY ‘.

* 4H A’,*(WAVE NUMBER).*//

* 6X,411*YAw,* DENOTES YAW AMPLITUDE SCALED BY *,

* I S H A ’ (W A V E  NUMBER) .//
K 6K,’A IS THE WAVE AMPLITUDE.e//

* 6X,’B IS THE TOTAL HULL SEPARATION FOR TWIN—HULL SHIPS.*//
K 6X,*f3 IS THE BEAM AT MIDSHIP FOP MONO—HULL SHIPS.*//
K 6X,’L IS THE DISTANCE BETWEEN PERP~ NDICULARS.*/,//

* 6X,*FN IS THE FpOUOE NUMBER = (FORWARD SPEED /50pT 0*,4H,L)./)
2 FORMAT(6A,’BEIA IS THE WAVE HEADiNG ANGLE IN OEGREE5.’/
* SX,’P3EIA = 180. FOR HEAD SEAS.’//
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* 6*.’OMEGA IS THE ENCOUNTER FREQUENCY NON—DIMENSIONALIZEO’,
* ‘ BY SQRT(G,L).’//
* bK ,*Ti1E PHASE ANGLE IS MEASURED IN DEGREES WITH RESPECT’
K * Ti THE WAV E At T$( CS. • / /
K 6X.’L/LAM L/(WAVE LENGTH) .*//
K 6*.*FOQ FOLLO WING SEAS THE FREQUENCY IS DIVIDED INTO THPEE’/
* 6*,~~PEO1ONS SEPARATED BY TWO CRITICAL SWR, DENOTED CWRI AND *
K •CWP2.°)

5 FORMAT (lHi,15A6,18X,A6,14)
B FURMAT (I HO,5x,2811M (JTION AMPLITUDES AND PHASE5/6X .

X ~HFN = ,FS.3/6*,7MBETA = ,F6,1// 8
IM REGION I1,Bh Cwp1 = FB ,4,$M CWW2 = F8.4/6X,SHOMEGA,7*,3115wP,5x,5
X H  SWAY.5X,SHPPIASE,6*,4HROLL,5X,5PIPHASE,4X,5H’ROLL,5X,3HYAW,7X,
* 5rIPHASE,5*,4H*YAW,5*,514L4M/L )
9 FORMAT (lriO, 5X,’MOTION AMPLITUDES AND PMASES’/
* 6X,’FN = ‘.F5.3/6X.’BETA = ‘,Fb .1//6X, SH
X UMEGA, 5X ,SHL/LAM,6X ,4P4SWAY ,5A ,5 HPe HA SE. ,5X,4 PIROLL.5X,5 HPHAS E,5X,
X 5H*POLL,7X,3HYAW,SX,5HPHASE,6X,4H’YAW,5X,5HLAM/L )

10 FOPMAT((iX,2F10.4.F1O.5,F10.3,2 F1 0.5,F1O.3,F1O.5 ,FiO .4)
150 FUPMAT (lFiO,80*,23HHULL SEPARATION/BEAM = F7,4)

Ifr (1 .EQ .O ) CALL PGMIB
PFACT $D (ISO )
11 (MON (~~EQ.2~ RFACT..5’BEA M (MS)
CALL SOLVE (3,1.,1 ,NFN,1 .NB1A ~ 1 ,NFR,RFACT)
DO 20 JJ 1,NFN
LMT MIL (JJ)
IF (LMT ~E.O) GO TO 20
00 30 N=1,LMT
DL) 30 MM L,NBTA
EFS (JJ,N,MM) =EGS JJ,N,MM
EMR (JJ,N, iM)=ENR (JJ,N,p4P4)
EMY (JJ ‘N,MM) =ENY (JJsN .MM)

30 CONTINUE
20 CONTINUE

NRA G NPA~ ~i
WNITE(6,~~) (PATT (I),I.1,7),(TITLE (J),J 1,8),PATT(8),NPAG
WRITE (6, A5 0)RATIO
WRITE (6,)
WRITE (6,2)
K P 0
NPAG .NPAG . 1
WRITE(6,5) (PATT (j),I.1,7),(TITLE (J),J~ 1,8),PATT(8),NPAG
WRITE (6,150)RATIO
DO 44 MM=1,NBTA
DO 40 JJa1,NFN
LMTaMIL (JJ)
IF(LMT.LE.0) GO TO 40
LM4 LMT+4
IF((55—KR .GE.LM4 GO TO 43
IcR* 0
NPAG.NPAG+ 1
WRITE (6,5) (PATT (I),I.1,7),(TITLE (J),J’l,S),PATT (B),NPAG
WRITE (6,150)RATIO

43 IF(KASE (JJ).EQ.0) GO TO 41
WRITE (6,8) FN(JJ),WANG (Mpl),KASE (JJ),CWR1 (JJ),CWR2 (JJ)
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GO TO 4?
41 WRITE (b.9) FN (JJ),WANG (MM)
4? WRITE (6.10) (OMEN(N).SWR(JJ,N,MM ),EFS (JJ.N,MM ).EMR (JJ,N,MP4),

K LPcR (JJ.N.MM),EMY (JJ .N,MM),LKY(JJ,N,MM),PWS (Jj,N,MM),N 1,LMT)

~~~ KR.LM4
40 CONTINUE
44 CONTINUE

C’~LL AE RTRN
E ~)
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SUBROUTINE SOLVE ( IOPT,CON,IFNF,IFNL,IBTAF,IBTAL,IFRF,IFRL,RFACT
C
C

CUMMON/SRY1/ NPAG,TITLE (8),PATT (8),RATIO
CUMMON/SRY2/ ID, IG, IP, INO, ISO, ISTART ,JA,JB,JC,K,LP,MAXD,MONO,MS,
* NIX,NLOQP,NSD,NSO,NSTR,NUX
COMMON/SRY3/ NOS,NM(30) ,BEAM (30) ,DRF T (30) ,AR (A (30) ,MPS(30),
* OMA (30),AVOA(30),AVBM (30J,ST (30),IN (30P,SQAR(30 1 ,
* K(30,20),Y(30.20)
COMMON/SRY4/ NUT,NON,NOE,XS(20),YS(20),Xx(19),Yy(19),OEL(19),

K SNE(19),CSE (19)
COMNON/SRY5/ vOL,XIP,DST,PST,BAM,DRT,AIR,AMP1,AMP2,DS(30) ,SS(30)
COMMON/SRY6/ NOW,NOL,NSP,NST,WINK (5),SHLT (6),SPEED(6),StAT(20)
CUMMON/SRY7/ NFN,NFNS,FN(6) ,FNS(6)
COMMON/SRY8/ NBTA,NBTAS,NBTAT.PJBTAQ,WANG (B),COSBET (3) ,SINBET (3)
CUMMON/SRY9/ NFR,NFRS,OMEN (30) ,OMENS (30) ,OMIN,OMAX,00ME,OWAX
CUMMON/5RY1O/XZHB,XZPB,XZFO,XZVL,PcV,KW
COMMON/SPY11/CHRDA,THKA,SPNA ,FAL ,XZFA,CLFA,DEPA,FAY
CUMMON/SRYI2/CHROB • THKB,SPNB,FBL,XZFB,CLFB,DEPB,FBY
COMMON/SRY13/GRAV,DEPCAT,SD (6),RL3MST (10),PBMHT (10)
COMMON/SRY14/EL,GCB,GYR,GYRT,GM,GMT,GMTS,VCG,RF33,RP3S,RMSS
COMMON/SRY15/A26(4,30) ,A62(4,30) ,A46(4,30) ,A64(4,30) .A66(4,30)
COMMON/SRY16/A22.(30),A44(30),424(30),DSR(30),ORR (30)
COMMON/SPY17/ASY (30) ,DSY(4,30) ,AY(30) .OY(4,30) ,ARY (30) ,ORY(30)
COMMON/SRYI8/922(4,30),B26(4,30),86214,30),B46(4,30),B64(4,30),

K 866(4,30),824(4,30),B44(4,30,3)
CUMMON/SRYI9/OMEGA,UN,PAS (19),PVS (19),PAR (19),PVR(19)
COMMON/SRY2O/BLOG (19,19) ,YLOG (19,19) -

COMMON/SRY21/KASE (4) ,MIL (4) ,CWR1 (4) eCWR2 (4) , WFR (4,30,3)
* W N(4 ,30 ,3) ,SW R(4,3 0 ,3) ,RWS (4 ,30 ,3)
CUMMON/SRY22/II,EFS,EMR,EMY,EKR (4,30,3),EKY (4,30,3)
COMPLE � II,EFS(4,30,3),EMR(4,30,3),EMY(4,30,3)

C
C END OF COMMON DECK
C (MAKE ALL CHANGES ABOVE THESE CARDS)
C

COMMON /ENDCUM/ENOCOM
C

COMPLEX EGS,ENR,ENY,TA
COMMON /PR238/ EGS(4,30,3),ENR(4,30,3),ENY (4,30,3)
DI MENSION TOD(6,6),ROD (6,6),BOD(6,1),INDEK (6,3)
DO 10 JJsIFNF,IFNL
LMT*MIL (JJ)
IFCLMT.LT.IFRfl GO TO 10
IFRLL.IFRL
IF(LMT.LT.IFRL IFRLL.LMT
DO 20 N IFRF ,IFPLL
G*I=OMEN(N )
6A2 GXI * GXI
A~ 4V=A24 (N) —VCG
TOOl 1,1) =—6A 2* (A22 (N +1.)
TOO (1.2) =—GX2’A24V
TOD( 1,3) =—GK2’A26 (JJ,N)
TOO( 1,4) GXI’822 (JJ,N)
100(1,5) GXI’P324 (JJ.N)
TUD (l,6)=GX1’826(JJ,N)
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100(2,1 )=—GX2’A24V
100(2,2) =—GX2~ (*44(N) .GYRT) +GMT
TUO (2,3) =—GX2eA46 (JJ,N)
TOO (2.4) G*I’B24 (JJ.N)

C TOD (d.S) DEFINED IN BETA LOOP
TUD(2,5) =0.
TL)D(2,6) GXI’B46(JJ,N)
TOO (3.1) =—GX2*A62 (JJ,N)
100(3.2) = GX2’A64 (JJ.N)
TLIO (3,3)=—GX2’(A66(JJ,N).GYR)
TU0(3,4)=GXI*R62 (JJ,N)
TUD (3,5)=GXI*B64 (JJ,N)
TOt) (3.6) =GXI’B66 (JJ.N)
100(4 ,1) —T O D ( 1,4)
100(4.2) =—TOD (1.5)
100(4,3) —TOD (1.6)
101) (4.4) =TUD (1,1)
100(4,5) =TDO ( 1,2)
ToO (4,6) =TOU ( 1.3)
100(5,1) =—T0D 2.4)
100(5.2) = —T O D (2 . 5 )
100(5,3) —TOD(2 .6)
100 (5 ,4) =101) (2. 1)
TOO (5,5) =100 (2,2)
TOO (5.6) =100 (2,3)
TOt) (6. 1) —TOD ( 3,4)
T0D(6.?)=—TOD (3,5)
TOt) (6.3) —TOD (3.6)
TUD (b,4)=tOD (3,1)
TUO(6,5) TOD (3,2)
TOD (6 .6) =TUD ( 3, 3)
DO 4 11=1 .6
1)0 45 1P 1,b

45 ROD ( IT.1P =TOD (IT.IR)
DL) 30 MM=IBTAF ,IBTAL
00 46 11=1,6
DO 46 IP=1,b

46 TUD (IT~ 1 R = ROD (IT,IR)
SA GX I* H44 (JJ .N ,MM)
100(2,5) =SA
TOt)(5,~~)=—SA
1u:EFS (JJ,N,MM) /CON
RUD (1.1 ) REAL (TA)
800 (4,1) =A IMA G (TA)
TM EMP (JJ,N,MM)/CON
A OL) (2.1) =REAL (TA)
ROD (5,1) =A I MAG(TA )
T M EMY (JJ ,N,MM)/CON
800(3.1) =PEAL (TA)
BUD (6, 1) =A IMA G ( TA)
CMLL MATJNS (TOO,6,6,F300,1,1,LJTPM,ID,INI)Ex)
I~ (ID.EQ.1) GO TO 32
EF S (JJ,N,MM) (O.,0.) ‘

ElP (JJ,N,MM) (0. ,0.)
Erl y (JJ,N,MM)= (O. .0.)
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!F(IOPT.EQ.2) GO TO 32
EKR (JJ,N,MN )~~0,EcY (JJ,N.MM ).0.
GO TO 30

32 SA BOD (1,1)
S~~8OO (4. 1)ZRS~SQRT (SA’SA+SB’SB)
Z15 —S7.295179.ATAN3 (SB,SA )
SA BOD (2,1)
S~~BO0 (5, 1)
ZRR2RFACT,S4èRT (S*’SA+SB’SB )
ZIRZ—57.295779,ATAP43 (SB,SA)
SA BOO (3, 1)
SB BOD (6,1)
ZRY .S’SQRT (SA’SA.SB’SB )
ZIY’—57.295179’ATAN3 (SB,SA )
IF(ZIS.GT,90,) ZIS~2IS—360.IF(ZIR.LT.—270.) ZIRaZIR+360.
IF (ZIY.LT,—270.) ZIY.Z1Y+360.
EGS (JJ.N,MM) ICMPL* (ZRS,ZI5)
ENR (JJ.N,MM ) =CMPLX (ZRR.ZIR)
ENY (jJ,N,MM) .CMPLXCZRY,ZZy)
IF (I OPT.EQ.2 GO TO 30
CA Y=wN C JJ ,N. MM
EKR JJ,N,MM ) ZRR/ (CAY’RFACT)
EKY (.i ),N,MM) 2,*ZPY/CAy

30 CONTiNUE
20 CONTINUE
10 COkT1N~.E

R~.1URN
END

C “SUBROUTINES NILS AND ODFCN NOT LISTEO——SEE M0T35 LISTING”
C “COMMON BLOCKS IN (.JDFCN SHOULD BE IDENTICAL TO THOSE IN MAIN.”
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SUBROUTINE FRANK
C
C

COMMON/SRY1/ NPAG,TITLE(8),PATT (8),RAT IO
CJMMON/SRY2/ ID,IG,IP,IND ,ISD,ISTAPT ,JA,JP-4 , JC,K.LP,MA*D.MONO,MS.

K NIX,NLOCJP,N5D,NSO,NSTP,NUX
CUMMON/SPY3/ NOS,NM(30),HEAM (3O),I)PFI (3O),AREA (30),MPS(3O ),

K t)MA(30),AVDA (30),AVBM(j0),ST(3O ),IN (30),SQAR(3o),
K K(30.20).Y(30,20)
CUMMON/SRY4/ NUT,N0N,NOE,XS (t~O),YS(20),KX (j9),YY(19).L)1L (19),

K SNE (19),CSE (19)
CLMMON/SRY5/ VOL ,XIP,DST,PST,BAM ,DRT,A IR,AMPI,AMP2,DS (30) ,SS (30)
COMMON/SRY6/ NOW,NOL,N5P,NST,WINK(5),SMLT(o),cPEEt)(#0,51AT (~~Q)
CJMMON/SRY7/ NFN,NFNS,FN (6),FNS (b )
CJMMON/SRYB/ NMTA,NBIAS,NATA .T,NHTAQ ,WANG($ ),COSHEI(3).SINRET (3)
CUMMON/SRY9/ NFR,NFPS,QMEN (3U),OMENS (30),OMIN,UMA*,l)UME,UWAX
COMMON/SPY 1O/KZH~4,XZPR ,KZFO,XZVL ,KV,KW
CO MMON/SPY 11/CHPDA ,TPIKA, SPNA,FAL,XZFA,CLFA ,DEPA .FAY
COMMON/SPY 1~~/CHPDR,Tt1KB,SPNR.FBL,XZFB,CLFH,I)EPB,FBY
COMMON/SPY 13/GPAV , OEPCA T . 50 (6) , PHMST C 10) , RBMMT ( 10)
CJMMON/SPY14/EL,GCr3. (,YR.GYRT,GM.0MT,GMTS,VCG,PF33,RPJ~~,RM55
CUMMON/SRYI5/A26(4,30),A62 (4,30),A46t4,30),A64(4,30),Abf,(4,30)
COMMON/SRY16/A22 (30).A44 (30),A24 (30),DSR(i0),DRP (30)
COMMON,SRYI7/ASY(30) ,DSY (4.30),AY(30),1)Y(4,30),ARY(30),DRY(30)
COMMON/SMY1H/H22 (4,30),A26 (4,30),H62 4,30),846(4,3O),B~ 4 4,30),

K P 66 (4 ,3 0) ,P24 (4 ,30 )  ,B44 (4,30,J)
COMMON/SPY1 Y/OMEGA , PJN, PAS ( 19) .P VS ( 19) , PAR ( 19) , PVR ( 19)
CJM MO d / S P Y 2 O / A L O G (  19. 19) , YLOCJ ( 19, 19)
COMMON/S~~y?I/KASE (4) ,M IL (4) .CWPI (4 )  ,C WR2 (4) ~ W F P (‘., 30. 3)

X W N (4 , 3 0 ,3 )  ,S W R (4 ,3 0 , 3 )  , R W S ’4 . 3 O . 3 )
CJMMON/sPy2~~/II, EFS ,EMP ,EMY 

, EKR (4 , 30 , 3) , E K Y  (4 ,  3 0 . 3)
CO MPLEX 1I,EFS(4,30,3),EMR (4.30,3),LMY (4,30,3)

C
C END OF COMMON DECK
C (MAKE ALL CHANGES ABOVE THESE CARDS)
C

CUMMON/ E NDC U M/EN DC OM
C

COMPLEX *U,LK*CD,EKZDY, IDW,E TA ?3 S,F ~b,F4,
(,
~?6,C,4,

x SF?6(4,3O,3),5(,25(4,3O,3),5F4(s.,30,3)
9 FOPMAT (1hO.5X,3 IHMATPIX 15 SINGuLAR FOR OMEGA = F1.4 )

C~4ONO 1.
1 P (MONO .EO,~~) CMONO=2.
SAPEA AREA (K) ‘BEAM ( K )  ‘DRFT ( K)
I~ (BEAM (S) .LE. 1.E—08 SAP EA=ARLA( PS )*UPFTK )**?
I~~(MPS(K).NE.1) CALL FIN IT
00 10 N=l,NFR
O~lEGA=OMEN (N)
I) ~~OMEGA*OMEGA
10W 1  I/OMEGA
j P~(MPS (K).NE.1) GO TO 12
I)SSA EP(P (1 .N, 1)
I)SSB EP<R (?,N, 1)
DSR A=E PSR (1 ,N,2)
DSRH=EKP (?,N,2)
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I)R RA EPS P (1 ,N, 3)
DPRH= EKR (?.N,3)
GO TO 17

12 CALL PRESS
I~ (ID.EJ.l) GO TO 11
WPITE (b,9 OMEGA
Rc~T URN

11 ()SSA O.
DSSB O.
DSRA O.
OSMB=O .
DkPA O.
D - ~RH O.
Di 20 I=i,NON
CON —DEL (I) *SNE (I)
j t~ (MONO .EQ.2) CON=2.*CON
DSSA DSSA.CUN*PAS (I)
f)~~St4=0SSB.C0N’PVS ( 1)
CON I)EL C i )  * ( X X  ( I )  *CSE ( I)  +Y Y  ( 1)  ‘SNE ( I ) )
j
~ (MOPa).[Q.d) CON=2,*CON
DSR4=L)SRA .CON*PAS (I)
DSRB~=DSR8,C0N*PVS (I)
DPNA=~~RPA .CON*PAR (I)

20 D~ PB=OR PH.CUN*PVR (I)
J t (MPS(K).Ni.2) GO TO 17
EKR(1,N,1)=DSSA -

E”R (2.ni,i ) USSA
E~SP Cl .N , 2 )  USRA
EKP (2.N,2) =OSRR
E~”P (1 .N.3) OPRA
E’S P (2 .N,3)  =DRRH

17 D S T X = O S T *X I P
!ThTXX=DSTX IP
A~~2 (N)  A?2 (N) +DST * DSSA
ASY (N) ASY (N) .OSTX’DSSA
A’( (N ) AY (N) +DST*X*DSSA
A .~4 (N) =A24 (N) .UST*OSPA
DSR (N) 1)SR (N) +DST’L)SRR
A’.’. (N) A44 (N) .L)ST*L)RPA
DRR (N) URR (N) +UST’DRRR
A HY (N) APY (N) +OSTX*DSRA
OPY (N) =DRY (N) .VSTX’OSPB
DU 30 JJ 1,NFN
XtJ XIP. 11)W*F N (JJ)
CONS 1 0 .
CONSA O.
IF (K.GE.KV •AND. K.LE .KW ) GO TO 90
CUNST JN* SA RE A’ K ZHB’FN ( JJ) *cMo~9o
CUNSA = XZPH * CONST

90 H~~2(JJ,N)=H22 (JJ,N)+DST* (DSSB+CONST)
DSY (JJ,N)=DSY(JJ,N).DSTX’(DSSR4CONS1 )
C) Y C JJ .N) DY C JJ ,N) .OST*X* (OSSB-~CONSA )
IF (MIL (JJ).LT.N) GO 10 30
DO 33 MMZ I,NHTA
CUSH COSBET (MM )
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SZNH=SINHET (MM)
T WFP C JJ .N • MM

C A Y WN C JO ,N , MM )
WLJW WNT/OME (,A
Ec*CD CE KP (1 I’CAY*XIP’COSB) ‘DST’LMONO
I~~(MPS (c .NE.1 GO TO ISO
Fd ô=SF26 (JJ,N .MM )
Cu~6=SG26 (JJ,N,MM )
F ‘.SF4 ( jj ,N , MM
GO TO 160

150 Fc~b ( O. .O .)
F.. (0..0.)
G?e= (0. .0.)
c,.. =(0..0.)
I~ (PlONO ,NE~~1) GO TO 32
1)0 41 I=1,NUN
X*1 xX (I)
Y Y I=YY (I)
E~cLUY=CE X P (CA Y* (YYI_ II*KK I*SIN P ,))eDEL (I)
E I A 2=— SNE C I)
F I A 3=CSE (I)
EtA 23S= (_ETA3 .II*ETA2*SINP).EK7l )Y

• ErA2*EKLUY
Gdô=G26 • ETA? 3S ’ A S ( I .II ’~’V s I ) )
F4F4 • (XKI*ETA3—YY I*ETA 2 )*EKZDY

• ETA23S*(PAR (I).II’PVP (I’)
41 CONTINUE

G~ 6=WOW*G2b
F .= F 4+ WI ) W ’ 64
GO TO lB

32 00 31 I=1.NUN
Y Y I YY (I)
X~~I~~XX (I)
E~~LU=EKP (CAY*YY I ) *L)EL (I)
E I A ?=— SN E (I)
E l A 3=CSE (I)
CA YYS CA Y *XX I’SINH
SLN~~YS SIN (CA YYS)
E 1A 23 (El A2*SINB*COS ( CAY YS) 4 El A3*SINK YS)
F~ 6=F26 • ETA2*SIN’cYS’EKZD
Gdb=G26 • ET A 2 3 * ( P A S ( I ) . I I * PV S ( I )
F.. F4 • (XXI*ETA3_ YYI*ETA2)*SINKYS*LcLU
G. 64 • F T A 2 3 * ( P A P ( I ) . I I * P V R ( I ) )

31 CONT IN UE
F~-~~=_ I I* F26
C,~ 6= II ‘WDW’626
F’.1 1* (~dUW’G4—F4)

1 R Ir (MPS (K).NL.2) GO TO 160
S~ 26( JJ.N .MM ) F?6

~~~~~ (J J ,N.MM ) =626
S~ 4 (J.i.N,MM) =F4160 E~~S (JJ.N,MM) EFS (JJ,N.MM ) • (F?6.026)*EKXCD
EMP (JJ1N ,MM) EMR (JJ.N,MM ) • f4*EI’XCD
EMY JJ,N,MM =EMY (JJ,N,MM • (KIP’F26,XU*026)eEPSXCU

33 CONTINUE
30 CONTINUE
10 CONTINUE

Rt_ TURN
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SUBROUTINE FINIT
COMMON/SRY2/ IO,IG,IP,IND,I5D,ISTART,JA,JB ,JC,K,LP,MAXD,NONO,MS,

* NI*,NLOOP,NSD,NSO,NSTR,NUX
CUMMON/SRY4/ NUT,NON,NOE,XS (20),YS(20),XX (19),YY (19),OEL (19),
* SNE (19),CSE(19)
CUMMON/SRY2O/BLOG(19,19) .YLOG (19.19)
DIMENSION X (20),Y(20)
EQUIVALENCE (*S,X) , (YS,Y)
P1=3,1415927
D~NL3O.
OCNLzO.
PPL=0.
PCL=0.
DO 10 I=1.NON
*M1 XX C 1 ) — K  C l )
YM 1=YY (I) —Y (1)
YPL=YY (I) •Y II)
FPRL= .S’AL OG (XM1”2.YM1”2)
FCRL= .S’ALOG(*M1*’2.YPI’*2)
APR1=ATAN2 (YM1 ,XM1)
ACRI=ATAN2 (YPL ,XM1)
I~~(I ,GE, MAXO ) GO TO 30
I F (Y M 1  .LT.0.) APR1~ APRI,2.’PI
IF YPI.GE. 0.) ACP1 —P I

30 CONTINUE
IF (MONO .EQ. I) GO TO 35
XI~1= XX (I +X (1)
F -‘L 1~~. S ‘ALOG C XP1’*2. YM1*’2 )
FCLI= ,5’ALOG(*P1*’2.YPL”2)
A PLI=A TAN2 (YM1,XP1)
ACL 1=A T AN2 (YP1,XP1)

35 CONTINUE
DO 10 J=1,NON
XM2=XX (i ) —X (J.1)
YM2:YY (I )—Y (J.1)
YB2 IY (I) +Y(J.1)
FPR2= • S’ALOG (KM2*’2.YM2Ø’2)
FCR2= ,5’ALOG C *M2*’2.YP2’*2)
APR2=ATAN2 (YM2,XM2)
IFU .GE. MAXO) GO TO 20
JI 1 J+1
If (I .GE. J11 .AND . APR2 .LE. 0,) APR2~APR2.2.’PI
IF(J11 •GT. MAXD .AND . APR2 •LT. 0.) APR2zAPR2,2,*Pj
IZIP (APR1—A PR2) ‘10000.0
ZIP=IZIP
Z1P=ZIP/10000.0
IF (ZIP .GT. P1) APR12APR1—2,’Pj
IF(XM2 .GT. 0.) GO 10 4
GO TO S

20 Jl=J.1
IF(XM2 .61. 0.) GO TO 4
IF(J1 •GT. I) GO TO 6

C ‘*“ CARDS BELOW ARE FOR CONVEX OR CONCAVE TOP DECK “
IF(YM2 .LT. 0.) APR2~APR2.2.’PI
GO TO 5
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C oe” LARDS BELOW ARE FUR CUNVEX ,FLAT OP CONCAVE BOTTO M “
6 I (Y M2 •GE . 0.) AP R2 AP R2—2 , ’PI
S I F ( Y P2  •LT. 0.) 60 TO 4

ALR2=—PI
C,O TO 3

4 ACR2 A T A N2 ( Y P 2 . * M 2 )
I SLMJ SNE (1) ‘CSE (J) —SNE (J) ‘CSE (I)

CI MJ CSE (I) ‘CSE (J) ~SNE (I) ‘SNE (J)SIPJ=SF4E ( I)  ‘CSE (J) .SNE (J) ‘CSE (I)
CI PJ=CSE 1 ‘CSE CM —SNE (I) ‘SNE CJ )
DPNR=SIMJ’ (FPPI—FPR2).CIMJ’ (APP1—APR2)
P~ R=CSE (J * (XM1*FPR1—YMIeAPPl—XMl—XM2*ff’p2 .YM2’APR?,AMfl •SNE ( J ) ’ ( Y

lMt*FPPi .*Mi*A PPi_YMI_YM2*FPP2_X PA~ *APR2.YM?)
DCNR=SI PJ* (FCRI—FCR2).CIPJ* (ACPI—ACRd)
PCP= C S E ( J ) * ( X M 1* F C W I _ Y P 1 *A C P 1_ K M l_ X M ~~*FC R 2 .Y P ? * A C P2 ,X M 2 ) + S N E ( J ) * ( y
)Pd*FCR2.XM?*ACR24YP1 YP1*FCP1 XML*A CPL— YP? )
Ir(MONO •EO. 1) GO TO 37
X~~2=K X (I).X(J+I )
F~~L2=.~,*ALOG C ~cP2**2,YM2**2)
FCL2= .5*ALO& ( *P2**2,YP2*’2)
A.-~L~~zATAN2 (YM2,XP2)
ALL2=ATAN2 (YP2,XP2)
D.~NL=S IPJ * ( F P L2 — F P L 1) .C I PJ * (A P L?— A P L I)
P~ L= C S E ( J ) * (X P 2* F P L2_ Y M 2 * A P L2 _ X P2 _ X P i , F P L 14 Y M 1* A P L 1,X P 1 ) . S N E ( J ) * (Y

IM1*F PL1.*P1*APLI,YM2_YM2*FPL2_XP2*APL2_YM1 )
D C N L= S I MJ * ( FC L 2_ FC L L) .C I M J* (A C L 2— A C L I)
PLL=C S E( o ) * (X P 2 * F C L 2 ~~YP2*ACL 2~~X P2~~X P I* F C L l + Y P l *A C L 14 X P 1) + S N ~~( J ) * ( Y

IPc~*FCL2+ XP2*ACL2_ YP2_ YP1*FCL1_X P1*ACLl+YP1 )
37 CUNT INUE

PLUG C 1. J) =Dt- ’NP—UPNL—DCNP+OCNL
YLOG ( I ,J)=P P—PPL—PCR.PCL
I~~(J.EQ.NON) GO TO 10
K 41~~X M2
Y ~~~~~~~~
F
FCPI=FCP2

c **** NEXT CARD HANDLES ANGLE DIFFEPENCE ACROSS MAX D POINT ‘**e
I~ (I .LT. MAX () S AND. (j.1),Eu. M4X() ,#N O . APR2 .LT. 0.) APR2 APP2

1• 2.’PI
A~’R1=AP P2
ALP 1=ACP2
Y~ l YP2
I~ (MONO •EU. 1) 60 TO 10
x~’ l=X P2
F’-~LL=FPL2
FLL1 =F CL2
A~-L l APL2
ALL L ACL2

10 CONTINUE
Pt T URN

41)
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SUBROUTINE PRESS
CUMMON/SRY2/ IO,IG,IP,IND,150,ISTAPT,JA,JB ,JC,K,LP,MAXD,MONO,MS,

K NIX,NLOOP,NSD,NSO ,NSTP,NUX
CL)MMON/SRY4/ Nt ) T , N O N , N O E , X5 ( 2 O ) , Y S (2 O ) ,X x ( 19 ) ,yY ( 19 ) , 1~E L( 1 9) ,

K SNEC19),CSE(19)
CL)MMON/SRVS/ VOL .*IP.DST,PST,BAM,DPT,AIR,AMPI,AMP2,0S (30) ,5S(30)
CUMMON/SRY19/OMEGA,UN ,PAS (19),PVS(19) ,PAR (19),PVR (J9)
COMMON/SRY2O/BLOG C 19, 19) ,YLO D( 19, 19)
DIMENSION CON (38,2 ,CT (38,38),SOUW(19,19),WAVECI9,19)
DIMENSION INDEX(38,3)
DI MENSION X (20).Y(20)
EQUI VALENCE (*S.X),(YS,Y)
DPL O.
PPL O.
DW L O.
PWL O.
DO 10 1=1,NON
NI NON.I
CUN ( 1.1) =0.0
CUN ( 1.2) =0.0
SN SNE (I)
CtJN(M1 .1) —OMEGA’SN
CON(NI ,2) =OMEGA’ (XX (I) ‘CSE C I ) +YY (I) ‘SN)

22 XRI UN’ (XX (I)—X (l))
Y R1 —UM’ ( Y Y  ( I)  +Y ( 1 ) )
CALL OAVI D( KR1,YRI .EJ 1,Cx p 1,SXR1 ,RAR1,RBR1,CRI ,SR1)
IFCM ONO .EO. 1 GO TO 37
*L1 UN’ (XX (I) .X (1))
YL1 YR1
CALL OAVID (XLI,YLI,EJI,CxL1,S*L1,RALA,RBLI,CL1,SL1)

37 CONTINUE
DO 10 J=1,NON
NJ NON+J
SIPJ=SNE (I)’CSE(J).SNE J ’CSE(I)
CIPJ=CSE (I) ‘CSE (J) —SNE (1 ‘SNE (J)
KR2=UN’(XX (I)—* (J.l))
YP2 —UN’ (YY (I) .Y(J.1))
CALL DAVID (X82,YR2,EJ2,CXR2,SXR2,RAR2,RBR2.CR2,SR2)
DPR=2.’(SIPJ* (CR1—CR 2)—CIPJ’(SR1—SR2))
PPR 2./UN’(SNE (0) * (RARI—RAR2) .CSE (0)’ (RBR1—RBR2))
DWR=6.2831853’(EJ2’(SXR2’CIPJ—CXR2’SIPJ)—EJ1’(S*R1*CIPJ—CKR1’SIPJ)
1)
PWR Ô.2831853/UN’(EJl’(SXRl*CSE (J)—CXRl’SNE (J) )—EJ2’(SXR2’CSE (J)-
1CXR2’SNE (J)))
IF (MONO .EO. 1) GO TO 38
SIMJ=SNE (I)’CSE (J)—SNE (J)’CSE (I)
CIMJ CSE (I) ‘CSE (J) ‘SNE (I )*SNE (J)
XL2 UN~~ XX (I)+X (J.1))
YL2 YR2
CALL DAVID(XL2,yL2,EJ2,C)(L2,SKL2,RAL2,RBL2,CL2,5L2)
DPL 2.’ (CI NJ’(SL1—SL2 )-SIMJ* (CLI—CL2 ))
PPLi2./UN* (SNE (J) ‘ (RAL1—RAL2 ) .CSE (J)’(RBL2—RBL1))
DWL 6.2831853*I(EJ1’(S*L1*CIMJ—CXL1’SIMJ)—EJ2’(SXL2’CIMJ—CXL2’SIMJ)
I)
PwL~ 6,2831853,iJN’(EJ2e(5xL2*CSE(J).CXL2’SNE(J) )—EJ1’(SXLl’CSE (J)1CXL1’SNE (J)))
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38 CONTINUE
CT (I,J)=HLOG (I,M .UPR—DPL
c i (NI ,NJ) CT (1 .J)
CL (1 ,NJ) DWP—DWL
C I (NI .J) =—CT (I .NJ)
SOUR (I ,J)=YLOG ( I ,j) .PPR—PPL
W A VE (I ,J)=PWP—PWL
IF (J.E~~.NON ) GO TO 10
X~~1=KR2
YR1=YP2
EJI=EJ2
CPI=CR2
SR I SR2
PAR I RAP2
RHP1 Rr3P2
CAP 1=CXR2
S* R1~~SXR2
I~~(MONO .ED. 1) 60 TO 10
XL1 XL2
YL 1 =YL2
CL1=CL2
SL I SL2
PAL I PAL2
Pt-4L1=R13L2
CXL 1=CXL2
SAL 1=SXL2

10 CONTINUE
CMLL MAT INS (CT ,38 .NOE,CO N,2 ,2 ,DTR M,Iu, INUEX )
I~ (ID.ED.2) RETURN
DL) 20 I~~1,NUN
PAS (I)=0,
PVS ( I )0.
PAP (I) =0.
PVR (I) =0.
Do 30 J=i,NUN
NJ NON.J
CJ COh4 (J,1)
C’aJ=CON (NJ. 1)
WV WAVE (I .J)
S~~ SOUR ( 1,0)
PA S ( I)  =PAS C 1) .CJ’WV—CNJ *SP
PVS ( I )  =PVS (I) +CJ’SR.CNJ’WV
CJ CON (J.2)
C ~J=CON C NJ .2)pap (I) =RAW (1) .CJ’WV—CNJ’SR

30 PVP (I) =PVR (I) .CJ’Sk+CNJ’WV
PAS C 1) =OMEGA’PAS (I)
PYS (I) OMEGA*PVS (I)
PAR (.1 ) OMEGA*PAR (I)

20 PVR (I)=’)MEGA’PVR (I)
77 Rt.TUR N

E ‘~1)
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C “SUBROUTINE DAVID, FUNCTION ATAN3 . SUBROUTINE MATINS . AND PROGRAM
C “*P6M4 NOT LISTED——SEE MOT35 LISTING”
C “COMMON BLOCKS IN PGM4 SHOULD BE THE SAME AS THOSE IN MAIN .”
C “THE LAST 2 LINES IN PGM4 SHOULD BE CHANGED TO THE FOLLOWING”

CALL AETSKC C6LM0T246)
END

~ 
•..,

OVERLAY (5,O)
PROGRAM PGM5

C
C FOR C~UTURE CALCULATION OF RESPONSES TO IRREGULAR SEAS

CALL AETS KC (6LM0T246)
E ‘~1)

C “SUBROUTINE SEAST NOT LISTED——SEt . M0135 LISTING”

C “PROGRAM PGM1A NOT LISTED——SEE M0T35 LISTING”
C “COMMON BLOCKS SHOULD BE THE SAME AS THOSE IN MA IN. ****
C “THE LAST 4 LINES IN PGM1A SMOULL) BE CHANGED TO THE FOLLOWING”

IF (I D.Eo.2 .OR . IO.EQ.— 1 ) CA LL A~.T5KC(bLMOT246 )
I~~(LP.EQ.2 .OR. ID.EO.— 1 ) .AND. NUW.E~~.0) CALL AETS KC ( bLMOT24o)
IF(LP.LE.0 •AND . IP.LE.0 CALL AETSKC(4LPGMS)
E ~L)

C.”

12q



APPE NDIX C

Deter m ina tC Of l  of Encounter Frequencies

in Fol lowing Waves
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For cases whe re B, t he wave heading ang le , is at least 90 degrees , mot ion

ca lcu la t ions are made as a funct ion of the encounter frequencies s p e c i f i e d  by
the input v a r i a b l e  OMEN( I) .  These va lues and the Froude number , F , are used

to ca lculate corresponding wave frequencies and wave lengths.  Howe ve r , for p

va lues where 0<8<90 the frequencies are caluclated using the inpu t variables

i nd ica t ing the desired wave length range and the Froude numbers. The program

PGM IA Is used to determine the encounter frequency va lues .

The determination of encountering frequency is d i v i ded  int o th ree reg ions:

1. Waves which propagate faster than the ship speed , V < ~V

2. Waves which propagate at about the same s peed as the ship speed .

V <V
5 w

3. Waves which propagate slowe r than ship speed , V > V

where V is the ship speed and V
w is the wave s peed .

The above th ree reg ions are cons i dered in sequence. In the input , the

RWS~l ,1 ,l) va l ues indicate the desired (wave length)/(shi p length) va l ues and

the RWS(l ,I ,2) va l ues indicate steps to be used between successive wave length

values . These va ) ues and the requested Froude numbe r values are used to

determine what comb i nations of Froude number and encounter frequency f a l l

within each reg ion.

The rela t io n shi ps be tween the non-dimensional wave frequency, .~~~~~, and the

non-dimensional encounter frequency, , and Froude number , F , for each reg ion

a re de sc r ibed be low .

I. Wave Frequencies in Reg io ns 1 and 2.

For the wave frequency , 
~~~~~ 

the ce lerity of the wave , C , in deep water is

g ive n by

C =

t~Jo

where g is the gravitationa l acceleration

When the ship velocity U is less than C sec B, we find the wave-encounterinq

frequency by
U~i cos BU 0 <IT

u (I — ) w (1 - ) fo r  0 - B — (l~o C sec B o ci 2
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If we let

I)
— A — , and F — -

~~~~~~
-g~~~W0 O g ’ t n igi

where L is the ship length (g i ven by EL in the program) and A is the wave
leng th , we get

— 2i~
tA)
0

1
- F~/~~~co~ ~) for F~<7!~~~cos B (2)

We can also write as

— 1 ± /i - 4~~~ F~~cos BUJ
O 

=

2 COS B

1
We note tha t for ~ < 4F f, cosB , we have two differen t wave frequencies or wave
leng ths for a g i ven encounter frequency , shi p speed and wave headino. That

means that there exist two diffe rent va l ues of A , say A.~ and A 2, to prov i de
an iden ti ca l w by Equation (2) for fixed va l ues of F and B .n

From Equation (1), we can der ive

(A) 

~~~ 
- F

or

n —

COS 8 (1 - —
~~ 
) (4)

Case 1 (Reg ion 1) :

— 1 + / 1 - 4 ~~~F cos B (5)(A)
0

2 cos B

For g i ven arrays of (or~) and B, the minimum Froude number can be obtained

by

1 1 (6)
(F) 2(0)M cos B 

= 
2/~~~ cos ~
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from Equation (5) where the subscr ip ts  m and M respectively mean minimum and

maximum val ues. Fo r g i ven arrays of and B and a minimum values of u

(defi nes as OMIN in the program) , the maximum Froude number is obtained by

1 
_____(Fn ) — 

~ 
) cos B (1 

~~~~~~ ~ (7)
o m  o m

1 ( I -  
Wm

B /21T/3
~M 

cos B

from Equation (4)

Case 2 (Reqion 2):

- ir- 4~~ F~~cos B

2 F cos B

(F )..o
n m

(F) — —
~~~~ 

1 (9)
n M  2(w i cos B

0 0  2/~~ cos B
A m

2. Wave freq uencies in Reg ion 3

Case 3 (Reg ion 3):

=~ ‘: (Fy’~~ cos B-I) for F<

cos B (10)

F~ = 
i~0 ~os B (

~
— - 1) (11)

— 
= 

1 +[1 + A
~~ F~ cosTh

2 F ~~cos B (12)

( F )  = 
2
~~o~m 

COSB 
= 

2
~~~~

1T COS B (13)

= _ _ _ _ _ _ _ _ _ _

‘ n ’M /21T/T~ COS B ( ________ 
- 1) (14)
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For g iven arrays of w and 8, proper bounds of F0 
are found in Cases I

through 3, and If any of the F~ va lues g iven as input data are found w i t h i n

the bounds In each case, the encounter frequencies are calculate d by

Equa tion (2) for Cases 1 and 2 and by Eq uation (10) for Case 3. The

foregoing procedure is performed in PGM1A .
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DATA FORTRAN
SETt FORMAT COLUMNS NAME DESCRIPTION

8A6 1-148 TITLE (J ) Descriptive title to be used at the top
of each output page

2A 215 5 MONO Define as:
0 for twin-hull configuration
I for mono-hull confi guration with

asymmetr ic cross sections
2 for mono-hull confi guration with

symmetric cross sections

10 JA Define as:
1 if all wave heading angles B (WANG (I))

are such that 900< WANG(I) ~~~~

2 if any B is less than 900
3 if only preliminary geometric
computation s are desired.
Recon~iended for first run .

28 2FlO .5 1-10 SCALE Scale factor for all linear i nput
(except the data input for the fins).
Default value of 1 .

11-20 GRA y Default valiae of 32.174. Use 9.807 If length
w its are g iven in meters rather than feet.

3 1215 
~~~~~~ 

NFR Number of frequencies (OMEN(I)) to be
g iven. Maximum va l ue of 30

10 NBTA Number of headin g angles (WANG(I)) to be
g iven. Maximum va l ue of 3.

15 NFN Numbe r of Froude numbers (FN(I)) to be
g iven. Maximum va l ue of 4.

20 NSD Numbe r of hull separations . (SD(I))
for twin-hull confi guration onl y. Define
as I

24-2 5 NSTR Number of locations (RSMST(I)) for calculation
of absolute motion , ve l oc i ty and acceleration .
Relat lv c motion is also calculated in M0T35.
Maximum value of 10.

29-30 NOS Numbe r of statior~s for wh i ch offset information
is g iven. Maximum va l ue of 30.

35 NLOOP Maximum numbe r of iteration s for solution
of damping and motion equations in PR2B .
Va l ue of 3 should be adequate.

~“ A unique data identifier indicates that a new card should be used . If an array is be i ng

defined , a data set may cons i st of more than one card of the same format.
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DATA FORTRAN
SET FORMAT COLUMNS NAME DESCRIPT I ON

40 lG Control var iable whIch determines the extant
of the printed output. Values for motions
and phases are always g i ven .
Defin, as:
O for no additional output
I for exciting forces and moments
2 for exciting forces and momsnts and added
mass and damping coeffIcients

3 for exciting forces and moments added mass
and damping coefficients , and Intermediate
values of motions If NLOOP > 0.

45 LP Controls charactron plotting
Define as:
0 for no plots
I for plots of offsets (Define JA as 3.)

50 IND Define as:
o for typ ical computer runs
I for storing motion data on file. For use
wlth a modif ied version of SMOTION which
prov i des motion results in Irregular seas .

4 8F10.5 OMEN(I) Non—dimensional encounter frequencies for
wh i ch calculation s are des i red. OMEN(1) —

w / /~7~t where EL is defined in data set
10. ThIs input is used for calcu lations

for all speeds 900 < B ~ l80°.
(I< NFR<30)

5 4FlO .5 WANG (I) Ang le of incidence of wave train relative to
the direct ion gf ship, g i ven in degrees .
Defined as 180 for head seas , 0 for followIng
seas. Must be givçn in the order of increasi ng
values between 0 and 180. (I<NBTA.c3)

6 8FlO.5 FN(I) Froude numbe r — (forward veloc l ty)/Ig(EL).
(I<NFN<4)

7 8F10.5 SD(I) For twIn—hull ship define as half the
distance between the centerlines of hul ls.
(IcNSD.c6) For mono-hull use blank card .

8A 8FlO .5 RBMST(I) Desired l ong itudinal locations at which
absolute displacement , ve locity, and
acceleration as well as relative displace ment
(MOT3S only) are to be calculated . The
va lues should be g i ven as distances from
ST(I) — 0. to the point of interest in the
same unit as EL times (20./El) (See Data
Set 13) (I~ NSTR~ lO)
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DATA FORTRAN
SET FORMAT COLUMNS NAM E DESCRIPT I ON

8B 8Flo .5 ReNHT(I) Desired vertical locations of the hull at the
long i tud inal locat ions g ive n by RBMST(I ) from
the calm waterline at wh i ch absolute lateral
displacement , ve l oc i ty and acceleration are to
be calculated . This input is needed only for
M0T246 . Give blank card(s) for M0T35. The
va l ues should be g iven in the same dimensiona l
unit as EL. A positive or negative si gn should
be ass i gned depending on whether the point is
above or below the calm waterline (I<NSTR ~ l 0).

THE FOLLOWING DATA SET IS TO BE INCLUDED ONL Y IF AT LEAST ONE VALUE OF WANr . (I’)
IS LESS THA N 90. (THAT IS , IF JA — 2)

9A 8FlO .5 RWS(l ,I ,l) Bounds of 1L (wave length divided by EL) for
which calculations are desir ed. Maximum of 8
values.

9B 7FlO .5 RWS(2 ,I ,l) Increments of ~/L to be used between successive
pa rs of RWS ( l ,I .l) to RWS(l , 1+1 , I) in
increments of RWS(2 ,I ,l), for up to 7 sets.

9C 3F10.5 1-10 OM IN Minimum va l ue of encounter frequency d iv ided
by V~7~t for wh i ch calculations are desired.

11-20 OMAX Maximum va l ues of non-dimens i onal encounter
frequency .

21-30 DOME Increment to be used for non-dimens i ona l
encounter frequency .

10 8FlO.5 1-10 EL Distance between Station 0 and Station 20.
This va l ue is used for non -dimensiona lization
in the program and should be used in defining
GYR , GYRT , OMEN(I), FN (1), RWS(l ,I .l) .
RWS (2 , I , I

11-20 GYR The p itch or yaw radius of gyration divided
by EL.

21-30 GYRT The roil radius of gyration divided by EL.
Meeded for ~lOT2146 only.
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DATA FORTRAN
SET FORMAT COLUMNS NAME DESCR IPTION

31-40 GCB long itudinal center of buoyancy ci ven in
station numbe r , normally between 0. and 20.
Does not have to be an integer. W i l l  be
calculated in prnqram if de~~inn~ as 0.

141-50 \J~~ Vertical center of gravity re ferenced
to waterline (Positive if above wat e rline .
negative otherwise).

5 l-~ O CMI Transverse metacentric hei ght. Used in
M0T246 on l y. Wi l l  be calcul ated in MOT2Le6 if
define as 0.

61-70 DEPCAT If MONO 0 ftw in-h t j l fl 1 o f i r~~ as v e l t
distance (po sitive nun~her) betwe~ n w at er Ii r~
and maximum breadth point of h u l l .  0th~ rwise
define as 0.

71-80 BRCL Used only in irr e qu lar sea calcu la tions (NOW’O)
V MflP’Ifl 0. define as distance (r o cit i v e
niji,b~ r) between waterl ine and the bat t- ~-’ n’
cro~.s deck . Otherwise defined as 0.

DATA FOR FIN A AND FIN B

h A  8FlO.5 1-10 FAL Long itudi nal distance between Station 0 to
quarte r chord of fin

11-20 FAY Transverse distance be tween longitudin a l plane
of symmetey of two hulls (or one hull  for •-tumo-
hull) and the centroid of fin

2 1- 30 DEPA Vertical distance between waterline and niean
depth of fi n

31-40 CHROA Chord of fin

141— 50 SPNA Geometric span of fin . If the fin is fu ’h-s pan
(spans the entire distance between hulls), then
define as half tha t distance .

51-60 THKA Maximum thickness of fin S

61-70 CLFA Lift-curve slope (per radian) f(~ ti n.

71 80 XZFA Drag coefficient . Approx i mated L~~j 1 .2 . the
value for a flat plate attached to a wall in
a un i form flow normal to the p late.
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DATA FORTRAN
SET FORMAT COLUMN NAME DESCRIPTION

8F10.5 FBI Data for second fin.

FBY

DEPB

C HR D B

SPNB

THKB

CL FB

XZFB

12 XZFO Body cross-flow drag coefficients denoted
as CD in Re ference 1. For SWATH with
circular cross sections for main hull ,
0.5 has been used.

XZVL Body viscous-lift coefficient denoted as
a0 in Reference I. For SWATH wi th circular
cross sections for main hull , 0.07 has
been used.

XZHB Heave viscous damp ing coefficient for effect
of bulbous bow shape . Used only in M0T35.
Define as zero except for mono-hull or
conventional catamaran which has a bulbous
bow.

XZPB Pitch viscous dampin g coefficient for
ef fec t  of bulbous bow shape. Used only
in M0T35. Define as zero except for mono-hull
or catamaran wh i ch has a bulbous bow.

45 KV Sequenced intege r numbe r (counting from the
foremost station as 1) of fi rst station
witho ut bulbous shape .

50 KW Sequenced integer number (counting from the
foremos t s ta t  ion as 1) of last stat ion
without bulbous shape .
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ONE CARD OF THE FOLLOW I NG FORMAT MUST BE PROV I DED FOR EAC H STAT I ON . A TOTAL OF

NOS CARDS MUST BE GIVEN . AT PRESENT ONLY ST(J ) ,  NM (I ) AND MPSQ ) NEED BE DEFINED.

(THE OTHER VARIABLES ARE USIP IN DT k ER PROGRAMS FOR MONO-HULL SHIPS FOR THE LEWIS-

FORM FIT WHICH IS NOT INCLUDED IN THE Pp F ’E t~r P~ C~ P AM s)

DAT A FORTRA N
SET FORMAT COLUMNS NAME DESCRI PTION

13 4F9.4, 2 9 1-9 sli ) S ta t ion  number of the Ith section g i ven in
a scale of 20.0 from the forward reference
station desi gnated as Station 0. The va l ue
can be negative if the station is ahead of
Sta t on 0 or it can be greater than 20 , if
the station is aft of Station 20. The
sta t ions corresponding to ST (1) , ST(I)
— 0, ST (I) — 10., ST(I) — 20.. ST(NOS)
should always be g i ven. The stations
between the foregoing stations should be
chosen such that pa i r s  of ~‘ven spacing be-
tween the stations starting from ST(I)
— 0, and ST(I) — 20.0 in either direction
can be maintained.
(I . iHO S ~ 30)

10-18 Beam Ci )  Define as 0.

19-27 DRFT (I) Define as 0.

28-36 AREA (I) DefIne as 0.
44-4 5 NM 1) Number of offse t poin ts used to describ e

the Ith station . Maximum of 20. For
mono-hull ships . 10 is usually adequate .

54 MPS (I) Used to indicate location of par -l li -~
middle body

Define as:
O is station is not part n ’ the p ?rel !el
middle body
1 for first station of parallel m i lA le
body
2 for all but the fi rst station which is
r, .~ rt of the pa ra l le l  middle body

DATA SET ~L. IS REPEATED NOS TIMES , ONCE FOR f~~~H STAT ION

114 8F9.4 X(I,J) The va l ue of the x-coordinates of the
points on the i mmersed cross sectional con-
tour g iven in the same dimensional unit as
EL w ith rec~~’ct to the coordinate system
shown in qti re 2. (1 ~NOS in . .;~ NM 

(j~. ~0)All value s (NM(I) in r~umbe i~) for the Ith
station are to h. g iven with B per card.
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DATA FORTRAN
SET FORMAT COLUMN NAME DESCRIPT I ON

SF9.14 Y (1 ,J) The va l ues of the y-coordinate of the point
cor responding to X(I ,J) as shown in Fi gure 2.
(I’NOS’3O) , J(NM ( I)c2O) A l l  va lues (NM( 1) in
numbers for the Ith stat ion are to be g iven
with 8 per card.

15 1415 5 NOW Number of si gnificant wave hei ghts (WINK (11 )
to be chosen.

10 NOL Number of ship lengths (SHLT(1)) to be chosen

15 NSP Numbe r of ship speeds (SPEED(I)) to be chosen

19-20 NST Numbe r of stations (STAT (I)) to be chosen

CARD SETS l6A-16D ARE TO BE USED ONLY IF NOW IS GREATER THAN 0. THEN THE
FOLLOWING DATA ARE USED TO COMPUTE MOT I ONS IN IRREGULAR SEAS USI NG THE
P 1 ERSON-MOSI(OWITZ SPECTRUM FORMULA.

16A 8F1 0.5 WINK(I) Si gnificant wave hei ghts in feet (I.~NOW.-5)

368 8FlO.5 SHLT(I) Ship length (as defined by EL but not
necessa ri ly the same va l ue) (I<NOL .-6).
When this va l ue is other than that g iven
by EL, all the shi ps dimensions are
proportionally scaled.

16C 8F10.5 SPEED (1) Ship speed in knots. (I<NSP<6)

160 SF10.5 STAT(I) Station number g iven in a scale of 21) si r ’ i l a r
to 51(I) (See Data Set 13) where si g ni fi cant
amplitude of absolute and relative (M0T35
only) displacement , velocity and acceleration
are to be calculated (I<NST~ 2O )

USE THE FOLLOWING DATA SET ONLY WHEN PLOTT I NG OFFSETS (LP=l)

17 3Al O NAME 1 User ’ s name .

NAME2 Use r ’ s code .

NAME3 Use r ’s telep hone extension .

IN ORDER TO MAKE CALCULATIONS FOR ADDITIONAL SHIP CONFIGURATIONS , REPEAT
DATA SETS 1-16 FOR EACH CONFIGURAT I ON .

ISA Blank Card.

188 Bla nk Card .
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APPENDIX F

PROGRAM FOR IRREGULAR SEA CALCULATIONS
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Irregular-sea calculations can be made for any wave head ing with the

use of transfe r functions from M0T246 and M0T35 and the Center 1 s SMOTION

program. The prog ram SMOT I ON is used to calculate ship responses usHg

the Plerson-Moskowltz formula as well as results of spectra l analys is of

323 samples of real sea condition s measured at Station IND IA in the North

At~antlc.
8 

Data for these spectra is not Included in the program and

must be provided on separate permanent files . SMOT I ON can be used to

calculate the sing le amplitude ship responses . In these results the

si gn i f i can t wave hei ght is given in feet.

The program SMOT I ON has been modified to include the option of p roviding

transfer functions from a tape . As discussed in the section on output ,

transfe r functions can be written on tape (or a permanent file) by defining

IND as 1 in the programs when the wave heading ang le , B , is between 90 and

180 degrees.

SMOT I ON is written such that heave and pitch or sway , roll and yaw

transfe r funct i ons can be provided . Heave and pitch must be provided on

a device usin g the loca l file name TAPE22 ; sway , roll and yaw are provided

on a device usinq the ~oca1 fil e name TAPE23. If data is p rov i ded from both

programs , the same data deck must be used for both programs . If both sets of

da ta are no t p rov i ded , the undefined data will be defined as zero. There

transfer functions can be used In SMOT 1 ON to calculate absolute and relative

motion trans fer functions at specified locations . All length units should be

g i ven in feet.

When running the programs M0T35 and M0T21e6 care should be taken to define

the range of the dimens i onal wave frequency from 0.025 to 2.0 rad/sec.

Al though the transfe r function may be constant for some of the range , it is

i mportant to provide data at intervals of the frequency of about 0.3 in the

con stan t reg ion in order to assure proper evaluation in the interpolation routine.

For wave heading angles less than 90 deg rees the transfer functions

must be prov i ded on computer cards . The absolute and relative motion trans fer

functions for locations must also be provided on computer cards . In this

case va l ues must be prov i ded for frequencies of 0.025 to 2.0 in constant

intervals of 0.025 or for specified (wave length)/(ship l ength) va l ues wh i ch

span the frequency range from 0.025 to 2.0.
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Results can be plotted us i ng the CALCOMP plotting routine . A listing

of SMOTION is provided bel~~ . Data Input descriptions are Included in the

program listing .
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PPWGRAM SMOTION(ZNPUTz5Z2,001PU1 512.TAPE7,TAPE2 S12,
* TAP 4 512,TAPE22’3512,TAPE23=512.TAPLS3.INPUT,TAPE#,=OUTPUT)

C THIS PROGRAM COMPUTES SHIP RESPONSES —— SINGLE AMPLITUDE
C (A) SIGN IFICANT VALUES, (B) MOST PPO~ ABLE EXTREME VALULS,
C AND (C) EXTREME VALUE FOR DESIGN CONSIOEPATION
C FOR ANY OF THE FOLLOWING IWAP’ISFER F UNCTIONS
C (1) RELATIVE BOW MOTION (RBM). (2) HEAVE , (3) PITCH,
C (4) ROLL. (5) VERTICAL SHEAR, (6) BENDINC, MOMENT,
C (7) ABSOLUTE MOTION, OP (8) HYDROFOIL LOADING
C If’ RBM IS INPUT, ONE OF THE FOLLOwING MAY ALSO BE COMPUTED
C (1) WATER CONTACTS ‘, (2) OEC~ WETNESSES,
C (3) HULL SLAMS, (4) HYDROFOIL ae~OACHI NGS,
C (5) SIGNIF ICANT PRESSURE S e , op 6 C—S SLAMS *
C • RELATES ‘TO CATAMARAN CROSS—STRUCTURE
C IF ROLL IS INPUT, LATERAL ACCELERATION S MAY BE COMPUTED
C IF ABSOLUTE MOTION IS INPUT, VERTICAL ACCEL&.RATIONS MAY ~iE COMPUTEU

C wAVE SPECTRA USED ARE (A )PIEP~ ON—MUSKOwITZ FORMULATION AND
C (B) 323 ACTUAL SEA SPECTRA MEASURED AT STATION IND IA

C RESPONSE AMPLITUDES AS A FUNCTION OF SIGNIFICANT WAVE hEjGI-~T
C AND PERCENTAGE EXCEEDANCt . API. TABULATED AND WRITTEN ON TAPE?
C FOR PLOTTING ON CALCOMP 936

COMMON /BLI/ SHIPN (6), TFT (B). YT (24), Y12 (32), TCLP (l6), ~~IT (3).
• PCTIT (3), BUFF (10~4), XP(325), YP(3~5), XM IN, XMAX , XINC, XL&,
• VMIN , ~‘INC . ZMIN, ZINC. ISYM, TWS (3). V, L, CLR, RPL

, DISPL , H
COMMON /BL2/ SWH (323), RA (323,3). P2(323). NK,
• SWHPM (51), RAPM(S1,3), k2PM(51)
COMMON /BL3/ GP(36), GP2(36), YPL(36.2), ZPE(36)
COMMON /13L4/ w(81), W2 (81), WLL (c~1), SW (B1), FRthI ), ~ AU U~1 ) s

• s~E(81)
COMMON /BLS/ wAVEL (50), TRAO (50), YR (50), XP (SO), Xw (5O ), Tw (S0)
COMMON /BLb/ OWSPC (21), SINOIA(21), ~kd (323), MI (3~ 3)
COMMON /BL7/ GPP (36), YStJM (36,2), ZSUM(3b)
COMMON /BLB/ HA (4,30,3),HP(4,30,3).PA (4,30,3),PP(4,30,3),

X ROLLA (4,30,3),ROLLP(4,30,3)
COMMON /BL9/ FN (4),OMEGAE (30),WN (30),BETA (3),WFR (4.30,3)
COMMON /BL1O/ NFN,NFR,NBTA ,IFN,IBETA

DAT A PCTIT / 1OHPERCENTAGE , IOM IXCEEDANC, 1HE /
Di~TA XTIT / 1OMSIGNIF ICAN , 1OHT wAVE . r-$EI, IO HGP-’T IN FT. /
DMTA XMIN, XM~~ , XINC , XLG / 0.0. 45.0. 5.0. 9.0/
DATA TWS / 1OMSTATION IN, 10~1DIA WAV I. 5, 1OMPECTRA /
DUTA YT / 1DM R.B,M. , 1OPIAMPLITUOE ~ A O HIN FEET ,

• TOM HEAVE , IOPIAMPLITUOE. , IOHTN FEET .

• 10H PITCH , LOPIAMPLITUDE , 1OHIN DEGREES,
• TOM POLL , TOPIAMPLITUDE , 1OHIN DEGREES.

IOMVERTICAL 5, 10’IHEAR AMP . , TOHIN TONS ,
• 1OHBENDING MO, IOMMENT AMP . , IOHIN FT—TONS.
• 1O HABSOLUTE H, LOtIOTION A M P . ,  IOHIN FELT .

• TO M FOIL, TOPI LOAUINt, , 1OHIN TONS /
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DATA YT2/
• TOM NUMBE, LOPIR OF WATER. TOM CONTACTS , TOMPEP HOUR .
• 1OPI NUMBE, IOMP OF DECK , IOMWE.TMESSES , IOPIPER HOUR ,
• TOM N, 1OHUMBER OF P-4,TOHULL SLAMS • TOMPER HOUR •
• TOM NUMBER. TOM OF FOIL B, IOHROACHINGS • IOP-$PER HOUR ‘
• TO M S. 1OPIIGNIFICANT, TOM PRESSURE , lOl-sIN PSI
• TO M L. 1OHATERAL ACC , TOHELERATIUN , TOH/ G
• TOM yE, TOPIR’TICAL ACC , IOMELERATION • 1011/ 6
• T O M NO. Of CR, TO HOSS—ST RIJCT , 1OMU~ E SLAMS • JOMPER HOUR /
DuTA TFT / TOM WB M/WA , 1011 HEAVE /WA, 10,-, PITCH/WA ,
• TOM ROLL/WA .1011 SHEAR/WA ,IOM BMT/WA, 1Oh AM/WA ,

• IOHFOIL LD/WA /
DATA TCLR / IOHWL TO CROS, TOM—STRUCTURE ,
• TO P-sWL TO DECK, TOM
• IOHwL TO BOTT . 1011DM OF HULL,
• IOHWL TO FOIL. 1DM
• T O M , 1011
• 1OHCG TO DECK, 1011
• 1011 , TOM
• 1OP-sWL TO CROS, 1011—STRUCTURE /
DA TA GPP/ 500., 400.. 300., 250., 200., 150., 100,, 90., 80.. 70..

1 SO., 50., 40., 30.. 25., 20., 18., 16., 15., 14., 13., 12., 11.,
1 10., 9., A .,  71,  6.. 5., 4.. 3.’ 2.5, 2., 1.5, 1.0, 0.5 /

C OwSPC -— AREA 2 OCEAN WAVE STATISTICS IPOM • O,t~E~ • LUP4B” IN PE~~C E’ 4 T
DA TA OwSPC / 3.34580, 5.94340. 15.O4~57. 18.75943, 14.38183,

1 12.34236 , 8.42032, 6.78815. 4.41381. ‘..40777. .73915, .80553.
2 1.19773, 1.02576. .47366, .48573, .~ O6B5, .40729, .48573.
2 .01508, .00603 /

C INDI A —— NUMBER OF INDIA SPECTRA IN EACH O.w.S. GROUP
DATA SINDIA / 86., 24., 21., 26.. 27., 15., 16., 22.. 1’.., 8., 8..

I ~~.. 8.. 4.. 6., 10., 5.. 2., 2.. 8.. 3. /
DATA Mj / 86*1, 24*2, 21*3, 2604, 27~5~ 15~6, 16*7, 22~8, 14*9,

I ~•1O. 8*11, 8*12, 8*13, 4*14, 6•15, 10*16, 5*17, 2*18, 2019,2 ~‘20, 3~ 21 /

G = 32.174
T~~1G = 6.283185 • 6
A = 0.0081 • 6 • 6
PAD = 0.0174533
R~1O2 0.5 • 1.9905

C
C W (I) —— WAVE FREQUENCY (RAD/SEC), INCREMENTS OF 0.05 FROM 0 TO 2.0

= 81
w (1) = 0.0
Wt! ( T )  = 0.0
DLI 2 1x2,NW
w (I~ = w (I—1 ) • 0.025
W~~(I) = w (1) • W I ! )

2 CONTINUE

CULL PLOTS (BUFF , 1024, 7)
Pt.A D(5 ,502) IT HPM,ITSRYM, ICHECK

C IF ITP-$PM I ITSRYM = 0 TRANSFER FUNCTION DATA IS ON COMPUTER CARDS
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C IF ITP-4PP4 z ITSRYM * I TRANSFER FUNCTION DATA IS ON TAPES 22 AND 23
C IT IT HPP4 i 1 AND ITSRYM z 0 HEAVE AND PITCH T.F. DATA
C IS ON TAPE 22. ROLL z 0.
C IF IT HPM ~ 0 ANO ITSP i’N ~ I POLL T.F. DATA IS ON TAPE 23
C AND HEAVE = PITCH = 0.

C DEFI’~E ICHE C i~ AS 0. UNLESS IThPM = LTSRYN = 1
C
C IF Iu-4ECK = 0 READ DATA —— DO NOT CHECK.C iF ILI-IECK = 1 CHECK DATA AND RUN PROGRAM .
C IF IcMECK = 2 CHECK MPH AND SPYM DATA FOR COMPATIBILITY.
C

IT APE ITMPM,ITSRYM
If(IT APE.EQ.0 GO TO ii
YT (1) TOHPELATIVE N
Y1 (2)ILOMOTION AMP .
TrT (1 ) 10H PM/WA
R~.AD(S,5 Q)) XLNO

C XLND = LENGTH IN FEET USED IN MPH AND SP~YM.
C

CULL DATAIN (XLNO.ITHPM,ITSRYM ,ICHECK)
Ip’ UCHECK .Eu .777:, GO TO 777

11 R~ AV(5,5O2) NSHIPS

C NSPIIPS —— NUMBER OF SHIPS INPUT
C

DLI 200 NSH=1,NSHIPS
Rt.WIND 2
P~ WIND 4

Rc. A ,) (5,500) (SMIPN (I). 1=1,6)
C SMIPN —— TITLE SUCH AS SHIP NAME , ETC. (UP TO 60 CHA~ ACTEPS)

P .AD (5,502) L. INO, NWL , H, IP
C L —— 1 FOR RELATIVE BOW MOTION, 2 FoP HEAVE, 3 FOP PITCH,
C 4 FOR ROLL, 5 FOR VERTI CAL SMEAP, 6 FOR BENDING MOMENT,
C 7 FOR ABSOLUTE MOTION, 8 FOR FOIL LOAD
C H —— 1 FOR CROSS—STRUCTURE WAT ER CONTACTS , 2 FOR DECK wETNESSES,
C 3 FOR HULL SLAMS, 4 FOR FOIL BROACHIN&S,
C S FOP CROSS—STRUCTURE SIGNIFiCANT PRESSURES,
C 6 FOP LATE RAL ACCELERATION S,
C 7 FOR VERTICAL ACCELERATIONS ,
C 8 FOR CROSS—STRUCTURE SLAMS
C IP —— 1 PLOTS ONLY SIGNIFICANT VALUES OF THE RESPONSE (L)
C 2 PLOTS SIGNIFICAhI AND MOST PROBABLE EXTREME VALUES
C 3 PLOTS ONLY EXTREME VALUES FOp DESIGN CONSIDERATION
C 4 PLOTS ONLY ADDITIONAL RESPONSE SPECIFIED BY (H)
C 5 PLOTS ALL CALCULATED RESPONSES SPECIFIED BY (L) AND ( H )

C 6 PLOTS SIGNIFICANT VALUES FOR (L) AU) (H)
C EXCEEDANCE PLOTS ARE MADE IN ALL CASES
C 0 OMITS ALL PLOTS
C INO —— 1 jF TRANSFER FUNCTION INPUT DIRECTLY FOR W (J),I=?,41
C INO —— 2 IF T.F. INPUT AS FUNCTION OF (WAVE LENGTH / SHIP LENGTH)
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C INO —— 3 IF T.f . INPUT FOR EVEN INCREMENTS OF NON—DIM .ENC.FRE Q.
C NWL -— NO. OF WAVE LENGTHS INPUT IF INO=2 (40 IS MAX •)

RtAD (5,508) BPL,DISPL.V,CLR,ALPP-4A ,XKK,ROOT,TBETA,XX,Yy
C BPL —— SHIP LENGTH IN FEET
C DISPL —— DISPLACEMENT IN TONS (BOTH HULLS OF CATAMA RAN)
C V —— SHIP SPEED IN KNOTS
C CLR —— VERTICAL DISTANCES IN FEET FOp CALC. IF P4=1,2,3,4,6,8
C IF M 1 ,  CLR = WL TO CROSS—STRUCTURE
C IF P1=2, CLR = WL TO DECK
C IF M=3, CLR = WL TO BOTTOM OF MULL
C IF P1=4, CLR = WL TO TOP OF’ FOIL
C IF M=6, CLR = CG TO DEC K
C IF M=8, CLR = WL TO CROSS—STRUCTURE
C IF M=5 OR M=7, CLR IS NOT USED
C ALPHA —— CONSTANT FOP EXTREME VALUE CALCULATION
C USE ALPHA 1 0.01 FOR 99 PERCENT ASSURANCE
C XKK —— CONSTANT (K) FOR CALC . OF SIGN.PRESSUQE ON CROSS—SIR UCTURE
C RDOT —— THRESHOLD VELOCITY IN FT/SEC FOR SLAM CALCULATIONS
C TBET A —— HEADING IN DEGREES (180 = HEAD SEAS)
C USE XX AND YY WHEN ITHPM OR ITSPYM IS NOT ZERO.
C XX AND Y’( ARE COORDINATES FOR CALCULATION OF
C ABSOLUTE AND RELATIVE MOTION.
C X X —— 01ST. FROM CG ALONG CL (. FORWARD)
C VY — — 01ST. FROM CO PERPENDICULAR TO CL (. PORT SIDE.)

IF (ROOT .LE. 0.0) ROOT = 12.0 * SQRT(BPL/520,)

SRLG = 1.0 / SQRT(BPL/G)
V.’ = V * 1.6878 / 6
VL’2 = 2.0 * VG
VG4 = 4.0 * VG
CLRSQ = CLR * * 2
LI = L • 3 — 2
L~ = Li • 1
Li = L2 • 1
Ml = H * 4 — 3

= Ml • 1
Mi P12 • 1
P44 P43 • 1
IF (P4 .GT. 0) GO TO 4
MA = 12

= 12
GO TO 3

4 MA = H * 2 — I
MB = MA • 1

3 CONTINUE

PtAD (5,506) YMIN,YINC.ZMIN,ZINC , ISYMC YMIN, VI NC —- SCALING FACTORS FOR PLOTS OF RESPONSES CL )
C YMIN IS MINIMUM VALUE FOR RESPONSE AMPLITUDE AXIS (GENERALLY 0.0)
C VINC IS INCRE MENT OF RESPONSE AMP. FOP 1.0 INCH ON AXIS
C ZMIN, ZINC —— SCALING FACTORS FOP PLOTS (if’ RESPONSES C M )
C IF NOT INPUT. PROGRAM WILL ESTABLiSH A SUITABLE SCALE

217



C TOTAL LENGTH OF AX IS IS 8. INCHES
C ISYM -- CONTROL FOR TYPE OF SYMBOL ON PLOTS (ISYMZ3 FQR •)
C IF ISYM=O IS DESIRED, 0 MUST BE TYPED ON THE CARD

RAC J ( i)  = 0.0
GO TO (6, 8, 208), INO

6 RtAD (5,504) (PAO (I), 1*2,81)
C RAO(I) —— VALUE OF INPUT FUNCTION AT FREQUENCY W(I)
C IF L=1 (P.H.M.A MPLITUDE)/(wAVE AMPLITUDE ) IS INPUT
C IF L 2  (HEAVE AMPLITUDE)/(WAVE AMPLITUDE ) IS INPUT
C IF L 3 (PITCH AMPLITUDE )/(WAVE SLOPE) IS INPUT
C IF L 4 ( ROLL AMPLITUDE )/ (WAVE SLOPE) IS INPUT
C IF L=5 (VERT.SHEAR AMP.)/(WAVE AM~~.•DISPL/L) IS INPUT
C IF L 6 (REND .MOMEMT APIP.)/(wAvE AMP.*OISPL) IS INPUT
C IF L=7 (ABSOLUTE MOTiON AMP .)/ WAvE AMP.) IS INPUT
C IF L=R (FOIL LOADING)/(wAVE AMP.*DISPL/L) IS INPUT

Go TO 19

8 Rt.AD (5,504) (WAVEL (N), N I,NWL)
C WAVEL -— VALUE S OF (WAVE LENGTH / SHIP LENGTH)
C CAN BE IN EITHER ASCENDING UP DESCENDING O~ OER

RtAD (5,504) (TRAO (N). NI1,NWL )
C TRAO —— VALUES OF TRANSFER FUNCTION CORRESPONDING TO wAVEL

I~ (WAVEL (2).GT.WAVEL (i)) GO TO 9
Do S N=1,NWL
N•~~= NWL • 1 — N
X~~(NN ) = WAVEL(N )

5 Y~~(NN) = TPAO (N)
DLI 7 N=l .NwL
WAVEL (N) = XR(N)

7 T”~AO (N) = YR(N)
9 DO 10 N 1,NWL

10 WMVLL (N) = WAVEL (N ) * ‘3PL
Do 1~ I=2,NW
WLI = IPIG / w2 (I)
I~ (WLI .GE. WAVEL (l) .AND. wLI •LF. WAVEL(NWL )) GO TO 17
Go TO ~12, 14, 14, 1g., 16, 16, 1., 16), L

l~ Ir (WLI •LT. WAVEL (1)) RAO (t ) = 1.0
IF (WLI •GT. WAVEL (NWL )) RAO (I) 0.0
GO TO 18

14 IP (WL I .LT. wAVEL (l ) RAO (I ) = 0.0
Jr (wL I •GT. WAVEL (NWL) ) RAO (I) 1.0
GO TO 18

16 PAO (I) = 0.0
Go TO 18

17 PAO (I) = YINTP(WLI, WAVEL . TRAO, NWL)
T B CONT INUE

GO TO 19

208 IF (ITAPE.EO .O) GO TO 331
N I W NFP
TrN V.1 .688/SORT (32. 174’XLND)
Do 310 I=)~~NFN
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I” NIl
x L FN (I)
1~~~I.OI*xI.GE .TFN .ANO . .99aX1 .LL.TFN) GO TO 311

31 0 CONTINUE
W~ ITE (b .314) TFNGO TO 777

311 DO 312 I=1,NBTA
It~ETA* I
XI BETA( I)
IP(1.01*Xl.GE.TRETA •AND. .99’XI.LE.TBETA) GO TO 313

312 CONTINUE
W—ITE (6.315) TRETA
GO TO 777

C TPAO —— VALUES oF TRANSFER FUNCTION FOR FREQUENCIES .
31 3 ou 210 I=1.NTW

X~ (I) 
SOMEGAE (I)

DUM=WFR C IFN, I ,IBETA)
T~ (I) DUM2 10 W~~(I) DtJM*OUM/32.174
G~ TO(301.302,303,304,305,305,307,305),L

301 CULL PELABS (I .XX.YY )
GO TO 330

302 00 322 I=1.NTw
322 T~ AO(I )=hA( IFN, I,IBETA)

Go TO 330
303 DO 323 I=1,NTw
3~ 3 T~~AO(I )=PA( IFN,I,IBETA )

GO TO 330
304 00 324 I=1.NTw
324 T~ Au (1)=ROLLA( IFN,I,IRETA)

GO TO 330
30~ W~~ITE (6.3I6)
3~ 6 r ORMAT(5X, °DATA NOT AVAILABLE ’)

GO TO 777
307 CuLL PELABS (2,XX ,YY)

Go TO 330
331 ~?:AD(5,5O8) TwMIN .TWMA~ ,TWINC

C TWM I ~, TWMAX , TW INC ARE INCREMENTS OF NUN—DIM . ENC. FPEU.
N1w (TW HAX—TWM IN) /TWINC .1 • 1
PcAO (5,5O8) (TRAOII) ,1 1,NTW )

C TRAO —— VALUES OF’ TRANSFER FUNCTI ON FOR FRED . FROM TWMIN TO TWMAX
X~~(l) = TWMIN
DO 213 I=2,NTW

213 Xø (1) *W (I—1) •TWINC
00 211 I=1.NTw
T* (1) 1 XW (I) * SRLG
Ir (V .EQ. 0.0) 00 TO 211
T~~(1) = (—1.0 • SQRT(I.0 • VCi4*TW (I))) / VG2

211 CONTINUE
330 CoNTINUE

00 218 f 1,NW
I~ (W (I).GE.TW (1) .AND. w (I).LE.TW(NTw)) GO TO 217
Go TO (212,21 4,214,214,216,216,214,216), L

212 Ir (w (I) .LT. Tw (1) ) PAO(I) 0.0
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IF ( W ( I )  .GT. T w ( P e T W ) )  RAO ( I)  = 1.0
GO TO 218

214 I~ (w ( I) .LT. T w ( 1 )  ) RAO ( I)  = 1.0
I~ (W (I) .GT. TW(NTW)) PAO (I) 0.0
GO TO 21B

216 RMO ( I)  = 0.0
Go TO 218

2 17 RA O( I )  = Y INTP ( W ( I ) ’  lw, T RAO, NTW )
2 18 CONTINUE

19 CONTINUE
WrUTE (6.600) (SPIIPN (I),Isl,6), BPL, OISPL. V. TCLP (MA), TCLR (MB).
. CLR, ALPHA
W~ ITE (6,6J4) TFT (L)
WRITE (6,603) ~ (1). RAO (1)V ’C=VG*COS ( T BETA* RAD
DO 30 I=2,NW
Wr. (I) W (I)—VGC*W2(I)
Go TO (28, 28, 22, 22. 24, 26, 28, 2’~), L22 W L = TPIG / W2 (I)
RM U(I) = RAO (I) * 360. / WL
Go TO 28

24 PAO(I) = RAO ( I )  * OISPL / BPL
Go TO 28

26 PAO (I) = RAO (I) * OISPL
28 WLL (I) = TPIG / w2 (I) / BPL

W-~ITE
(6.6O6) WLL (I). WE (I), W(I), PAU (I)

RAO (!) = PAO (I) • • 2
30 CONTINUE

W’QITE (6,607)

C CALCULATI ON OF RESPONSE AMPLITUDES WITH 323 ACTUAL SEA SPECTRA
= 323

SW (1) = 0.0
SLIMPPB = 0.0
EXTREME = —0.0
DO 50 K=1,NK
RtAD (2) NPEC, 5WH(K), (SW (I),I=2,Nw)
MIK = M I ( K )

= OWSPC (MIK / SINDIA (MIK)
IF (Ic.EJ.1 .OP. K.EQ.51 .OR. K .Eu.101 .OR. K .EQ.151 •OR. K .EU.201

1 .OR. K.EO.251 .OP. K.EQ.299) GO TO 34
GO TO 36

34 W~ ITE(b,600) (SMIPN (I),I=1,6), RPL, OISPL, V, TCLR (MA). TCLR (MB),
. LLR, ALPHA
jr (M ,Eu, 0) WRITE (6,608) YT(L1). YT (L2), YT (L3),
• ICLR(4), TCLP(4), TCLR(4), TCLR (~~IP (M .GT. 0) WRITE 16,608) YT (LT). YT (L2), YT (L3), YT2 (M1),

• Y T2 ( M2 ) ,  Y T 2 ( M 3 ) ,  YT2 ( M4 )
36 00 40 I 1,NW
40 FR( 1) = RAO ( I)  • S W ( I )

LU = SIMPUN 1W , F~R, NW)00 42 I=2,NW
42 F R( I)  = FR( I)  * W E ( I )  • W E( I )
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LV ~ SIMPUN 1W, FR. NW)
00 47 1a2,NW

47 FR (I) a FR(I) • WE (I) * WEll )
LA ~ SIMPUN (W, FR, NW)
WI • SQRT((V/ED)
EVED a 572.9578 • ww
S~RTED a SQRT(ED)RA (K,1) a 2.0 * SORTED
DIIME a 68.0 — 1.4 • SWH(K)
EVEOT EyED • OTIME
FRA2 2.0 • ALOG (EVEDT)
RA (K,2) SQRT (FRA2) * SORTED
If (ALPHA. (iT. 0.0) GO TO 41
P A( K, 3)  = -0.0
GO TO 44

41 FR A3 = 2.0 • ALOG (EVEDT/ ALPHA )
RA (K,3) = SQRT (FRA3) * SORTED
If (RA (K,3) .GT. EXTREME) EXTREME z RA (K,3)

44 CONTINUE
IF (H .GT. 0) GO TO 46
WRITE (6.610) NREC, SWH (K), (PACK,,)), J 1,3)
GO TO 48

46 GO TO (51, 51, 53, 51. 54, 56, 57, 53), N
51 ECST = CLRSU / (2.O’ED)

IF (ECST .GT. 600.0) GO TO 59
P2(K) = EVED * EXP (-ECST)
GO TO 58

53 ECST = CLR • * 2 / (2.0 * ED) • ROOT • * 2 / (2.0 * EW)
IF (ECST .GT. 600.0) GO TO 59
P2(K) = EyED • EXP (—ECST )
GO TO 58

54 Pd (K) XKK • 4.2 * LV
GO TO 58

56 Pd (K) * 2.0 * SQRT ((A) * PAD • CLR / G
GO TO 5~57 Pd (K) 2.0 * SORT (EA ) / G
GO TO 58

59 P2(K) = 0.0
58 WRITE (6,610) NREC, SWH(K), (Ra(,c,J), J=1,3 , P2(K)
48 SUMPRB = SUMPRB • PRB(Pc )
50 CoNTINUE

w~ lTE (6,611) EXTREME

C CALCULATI ON OF RESPONSE AMPLITUDES WITH PIERSON—MOSKOWITZ SPECTRA
SWPIPM(1) a 0.0
R2PM(1) * 0.0
RAPM(1,1) 0.0
RAPM (1,2) a 0.0
PAPM (1,3) = 0.0
w’~’ITE (6,6O0) (SP-$IPNU),Ia1,6), BPL, DISPL, V, TCLR(MA), TCLP(MB),
• CLR, ALPMA
IF (N .EQ. 0) WRITE (6,608) Y T ( L 1) ,  YT(L2), YT (L3),
• TCLR(4), TCLP(4), TCLR(4), TCLR (4
IF (M .GT. 0) WRITE (6,608) Y T ( L 1) ,  YT (L2). YT (L3). YT2 (M1),
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• YT2(M2), YT2(M3), YT2(M4)
W~ IT( (6,618)00 70 Ka2,46
READ (4) SWHPM(K), (SW(I),I~ 2,NW )00 60 Ial,NW

60 FR (1) R A O ( 1)  • S W ( I )
ELI = SIMPUN 1W , FR, NW)
IF (ED.GT.0) GO TO 63
RAPM (K,1) a 0.0
RAPM (I(,2) = 0.0
RAPM (~~,3) 0.0
R2PM (K) = 0.0
GO TO 65

63 SORTED = SQRT(EO)
f)O 62 1 2,NW

62 FR (I) FR (1) • WE (I) • WE (I)
LV = SIMPUN 1w, F R ,  NW)
DO 67 I=2,NW

67 FR(I) = F R( I )  * W E ( I )  * WE (I)
LA = SIMPUN (W ,  FR, NW)
W w = SQRT(LV/ED)
EyED = 572.9578 * WW
RAPM(K,1 ) = 2.0 • SQRTED
ClIME = 68.0 — 1.4 * SWHPM (K)
EVEDI EVED * OTIPIE
FR A2 = 2.0 • ALOG (LVEOT)
RA PM( K,2 ) SQRT ( FRA2 ) * SORTED
IF (ALPHA. GT, 0.0) GO TO 61
RAP M( K,3 )  = —0.0
GO TO 64

61 FRA3 = 2.0 * ALOG (EVEDT / ALPHA )
RA PM( K,3)  = SORT(FRA3 ) • SORTED

64 CONTINUE
If (H .GT. 0) GO TO 66

65 WRITE (6,61O) K, SWHPM(K), (RAPM(Ic,J), J 1,3)
GO TO 68

66 GO TO (71, 71, 73, 71, 74, 76, 77, 73), H
71 ECST = CLRSQ / (2 .0~ ED)

Ir (ECST .GT. 600.0) GO TO 79
P~ PM (K) = EVED •EXP(—ECST)
GO TO 78

73 ECST CLR * 2 /  (2.0~~~EO) • kDOT • * ? /  (2.0 * EV )
if’ (ECST •GT. 600.0) GO TO 79
R2PM (K) a EVED * EXP (ECST)
GO TO 78

74 R2PM(K) = XKK * 4.2 * LV
GO TO 78

76 R2PM (K) = 2.0 * SQRT (EA) a PAD * CLR / GGO TO 18
77 R~ PM(I~) = 2.0 * SQRT(EA ) / G

Go TO 78
79 R2PM (K) a 0.0
78 wR ITE (6,610) K, SW PIPM(K) , (RA PM(K,J ) ,  Jal,3), P2PM (K )
68 CONTINUE
70 CONTINUE
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C PROSASILITY COMPUTATIONS
WRI1f(6,6011 ($NIPN(l),Zal,6). OPI., DZSPL . V. TCLR(MA), TCLR(MP),

• CL R, ALPNA
NPC • 36
GPN • 1.0
IF IL .EQ. 5) GPM • 10.0
IF IL •E0. 6) GPM • 1000.0
G~M2 a 1.0IF (N .EQ. 6) GPN2 a 0.01
IF (M.EQ.7) GPM2 a 0.01
DO 80 Ial,NPC
GR2(I) a GPP(I) • GPM2

80 G~ (I) a GPP(I) • GPMWRITE (6,646)
WRITE (6,628) YT(L1), YT(L2)~ YT2(M1). YT2(N2), YT2(M3)00 92 IaI,P4PC
ZSUM (I) a 0.0
ZRE(I) a 0.0
DO 92 Jal,2
YSUM(I,J) = 0.0
YPE (I.J) a 0.0

92 CONTINUE
00 100 1.1,,
DO 100 Ks1.323
DO 94 Ial,NPC
IF (PA (K,J) .LE. GP(I)) GO TO 94
YSUMII,J) • YSUM (I.J) • PRB(K)
GO TO 95

94 CONTINUE
95 IF’ (J •LO. 2) GO TO 100

If’ ui .EQ. 0) GO TO 100
DO 96 I l,NPC
IF (P2(K) .LE. GP2(I)) GO TO 96
ZSUM (I) = ZSUM (I) • PPB(K)
GO TO 100

96 CONTINUE
100 CUNTZN(JE

00 110 I*1,NPC
I I  a I—i
IF (I.EQ.1) 11=1
00 102 J*1,2

102 YPE (I,J) YPE (II,J) • YSUM (I,J)
D (H .GT. 0) GO TO 105
WRITE (6,630 ) GP(l), (YPE(I,J). J=1,2)
GO TO 110

105 Z”E (I) = ZPE(lI) • ZSUM (l)
WRITE (6,630) GP (I), (YPE(I,J).Ja1,2). GP2(I), ZPEL (I)

110 CONTINUE
IF tIP .LQ. 0) GO TO 200

C PLOTS OP PEPCENTAGE EXCEEDANCE DIAGRAMS
GO TO (112,112,115,114,112,112) ,IP

11 2 CALL PLOTPR (1, GPM)
j
~ (H •EQ. fl~ v~.n ‘Tn li c
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114 CALL PLOTPR (2,GPM2)
115 CONTINUE

C PLOTS OF RESPONSES VS. SIGNIFICANT WAVE MT.
GO TO (1U,122,124,126,122,122),IP

122 CALL PLOTRS (1,1)
IF UP .10. 1) GO TO 200
IFUP.EQ.6) GO TO 126
CMLI. PLOTRS (1.2)
IF (IP •EQ. 2) GO TO 200

124 CALL PLOTRS 11,3)
If (IP .EQ. 3) GO TO 200
IF (N •EO. 0) GO TO 200

126 CALL PLOTRS (2,1)

200 CONTINUE
CALL PLOT (0.0, 0.0, —3)
CMLL PLOT (0.0, 0.0, 999)

314 F’LIRMAT (10X,*TFN = •.E)2.5, •NO1 FOUND’)
315 FORMAT(10X,’TB(TA = •~E12.S, ‘NOT FOUND’)500 FORMAT (6*10)
501 FORMAT (9F8.2)
502 FORMAT (1013)
504 F oRMAT (10f6.2
506 FORMAT (4F6.3. 16
508 FORMAT (10F8.3)
600 FORMAT (1111, lOX, 6A10 // 1711 SHIP LENGTH , F6.1. 3)1 Fl’, 5X,

• I4HDISPLACEMENT a, F7 1, 5)1 TONS, bX. 7HSPEEO =, F5.1, 6H KNOTS,
• ,X, 2*10, 28 =, F5•I. 38 FT. SX.
• 1IIALPKA . F5.2 / 3X, 129(111*)

603 FORMAT 124X. 2F12.3)
604 FORMAT (7080 TRANSFER FUNCTION INTEp~POLATLD AT .025 INCREMENTS OF

• wA VE FREQUENCY // 17X, 22IILMC.FR EQ. WAVE FREO. /
. 3811 WL/L (RAD/SEC) (RAO/SEC) , *10 1

606 FORMAT (4F12.3)
607 FORMAT (19110 WL * WAVE LENGTH, 8X, 1511L = SHIP LENGTH. 8x,

1 25HWA = WAVE AMPLITUDE WT) / 338 P8)1 = RELATIVE BOW MOTION (F
2T), 5X, 28HHEAV ( a HEAVE AMPLITUDE (FT , SX, 29HPITCH = PITCH AM
3PLITUQL (DEG), SX, 27MROLL = ROLL AMPLITUDE (DEG)
4 ibM VSH a VERTICAL SHEAR FORCE (TONS),
1 5X, 3OHBMT a RENDING MOMENT (FT—TONS)
2 .i2H ABM a ABSOLUTE MOTION (Fl) , 5X.
• 26P4FOIL LD = FOIL LOAD (TONS)

608 FORMAT (180, 33X, 3*10 / 28X, 42(18 ) / 698 WAVE SIGNIFIC
•A ’IT SIGNIFICANT MOST PROBABLE EXTREME VALUE,7X,
• 4*10 / 72 H SPECTRA WAVE MT. (FT) VALUE EXT
,RtME VALUE FOR DESIGN USE , 4X, 40(111— )

610 FORMAT (19, F13.2, 3F14.2, F32.2)
611 FORMAT (1)10, 43X, IOPIEXTREME a , Fl0.2)
618 FORMAT (18HOPIERSON—MOSKOWITZ)
628 FORMAT (180, 2*10, 26)4 PERCENTAGE EXCEtDANCE , 3*10 / 23X .
. 21P$SIGN. HOST PROB,EXT., 28X, 811P.C.EXC.

630 FORMAT (F16.1. F12.2, Fl0.2, 14X’ F’14.1, F12.2)
646 FORMAT (75HOPROBABILITY BASED ON OCEAN WAVE STATISTICS FROM AREA 2

• 
— HOGBEN • LUMI4

777 CONTINUE
(‘40 224



SLJ~ ROUTINE RELABS (ITAB,X,Y)
C IT A~ = 1 TO COMPUTE RELATIVE MOTION
C ITAB = 2 TO COMPUTE ABSOLUTE MOTION

COMMON /8L5/ WAVEL (50),TRAO (50 .YR SO),Xk(50),*w 50),Tw (50)
COMMON /~ L8/ lIA(4,30,3) ,HP(4,30.3) ,PA(4,30,3) ,PP(4,30,3),

x RA (4,3O,3),RP(4,30,3)
COMMON /8L9/ FN (4),WE (30),wN (30),BETA (3),WFP(4,30,3)
COMMON /BL1O/ NFN,NFR,NBTA,IFN,IBETA
DIMENSION PRAO(30)
COMPLEX ZA,II
R.~Da.Ol74533IL:CMPLX(0.,1.)
BcT~~3ETA ( IBETA ) ‘PAD
X Y X*COS (RET) —Y’SIN (I~ET)
00 10 N 1,NFP
H~ AVE 11A (IFN,N, IBETA)
PLTCsI=WN (N) ‘PA (IFN,N, I8ETA)
PULL: IN (N) ‘PA C IF’N,N, IRETA)
H~ A VEP RAD*HP (IFN,N, IBETA)
PITCHP:RAQePP ( IFN,N, IBETA )
RULLP RAO*RP C IFN,N, IBETA )
ZU HEAVE*CEXP (—I I’PIEAVEP) .Y’ROLL’CEXP (—I I’ROLLP)

X —X*PITCH’CEXP (—II*PITCHP)
Ir (ITAB.EQ.1) ZA=ZA~ CEXP (II*wN N) ‘XV)
T-4AO (N) CABS(ZA)
P.CA U(N) ATAN2 (—AIMAG (ZA ) ,REAL (ZA))

10 CONTINUE
Ir( ITA b.EQ.1) WRITE (6.100) FN (IFN),t~LTA (IBETA),X,Y
If (ITAB.EQ.2) WRITE (b,200) FN (IFN),L3ETA (IBETA ),X,Y
WRITE (6,300) (WE (N),TRAO (N),PPAO (N),N 1,NFR)

100 FURMAT (///I0x,’RELATIVE MOTION AND PIIASEe//10X,’FN =
X 10X.’~ ETA = *,F8.2/10X,’X *,f8.2/10X,*Y •,F8.2/)

~00 FORMAI (///10X, *ABSOLUTE MOTION AND PHASE ’//lOX,’FN ‘.Fb.2/
x 10X,*~3ETA = •,FR.2/I0X,’X = ‘,F8,2/10x,’y = •,FB.2/)

300 FJRMAT (12X,’WE’.9X,*A MpLITUOE*,10X.’P’~HA5E*/ (1OX,F7.3,2(SX,E12.5)))
R~. I URN
E ~O

‘DEC K D4~TN
SLJ~ ROUT INE DATA IN(XL ND,IT PIPM ,ITSW YM, IC H ECK)
COMMON /SL8/ MA (4,30,1) ,HP(4,30,3) ,PA(4,30,3) .PP(4,30,3),

K RA (4,30,3),PP(4,30,3)
COM MON /~ L9/ FN (4 ,wE(30),WN (30 ,8ETA 3 ,wFR 4,30,3
COMMON /BL1O/ NFN,NFR,NBTA,IFN,IBETA
DIMENSION BFN (4),A WE (30),BR (TA(3)
SORTGL SQRT (32.174/XLND)
IF(IT’IPM,ITSRVM,EO.2) GO TO 15
IP ’ (ITr(PM.E(~.O) GO TO 25
P~.AD(22) PIFN,NFR,NBTA
Rc.AD(22) (FN(I),I=1,NFN),(W€ (!).I 1,NFR),(e~ETA(I),I=1,N~ T4)
READ (22) (((WFR (JJ,N,MM),)4A (JJ,N,MM),HP(JJ,N,MM),)’A (JJ,)4,MM),

X PP(JJ,N,MM),00=1,NFN),Nz1,NFR),MM=1,NRTA)
DO 35 N=1,NF P
Ut. (N) aWE (N) SQRTGL
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DLI 35 JJs1,NFN
DO 35 MMal,MBTA
W ’~R (JJ,N,MM) WFR (JJ,N,NM)*SQRTGL
RA ( JJ.N,MM)a O,

35 Rr (JJ .N,M N)a O,
RETURN

25 RtAD(23 NFN,P4FR,NBTA
Rt.AO(23) (FN(I),I.1,NFN),(WE (I),Ial,t4FR),(8(TA (I),1a1,NSTA)
Rt A0(23) (((WFR(JJ,N,MM),DUN,DUM,RA (JJ,N,MM),PP (JJ,N,MM),DUM,DUM,

x JJ=1,NFN),Na1,NFR),MMZ1,NBTA)
DO 45 NzI,NFP
Ut. (N) W E (N) ‘SQPTGL
DO 45 JJ=1,NFN
DLI 45 MMa1,NBTA
W PR (JJ,N,MM) =WFR (JJ,N,MM)’SQRTGL
HA C OJeN, MM ) O
)4 .~ ( JJ ,N, MM) :0.
PA (JJ,N,MM)=0.

45 PP (JJ,N,MM)=O.
TURN

15 Rt.AD (22) NFN,NFR,NBTA
C IF (NFN.EQ.777 GO TO 777
C NOTE —— NEED TO ACCOMMODATE DATA FOR O.LE.BETA.LT.90.
C DATA RECORD BEFORE EOF IS 777,777,777.

Rc.AD (23) MFN,MFR,MBTA
Ir (NFN .EQ.MFN ,*ND.NFR .EQ.MFR.AND.N8TA .EQ .MBTA) GO TO 10
WRITE (6.100) NFN,NFR,NBTA,MFN,MPR,MBTA
IC HEC K = 777
Pt. I URN

10 Pt.AD (22) (FN (I),I=l,NFN),(WE (I),I=1,NFR),(BEIA(I),I=1,NaTA)
Rc.AD (23) (BFN(I),1 1,NFM),(BWE (I),1 1,Nf’R),(RRETA (I).I 1,NMTA )
IF(IC’IECK .EQ.O GO TO 60
DO 20 I=1,NFN
BIZBF’N( I)
XL FN ( I)
Ir(l.01’XI.LT.BI .OP. .99’XI.GT.BI) GO TO 50

20 CONTINUE
DLI 30 I 1,NFP
BI bW E C 11
X I WE ( fl
P (l.O1’XI.LI.BI .OR. .99’XI.GT.BI) GO TO 50

30 CONTINUE
DV 40 I=1,Nf3TA
c31=aBETA (I)
XI BETA (I)
I~~(1.O1’XI.LT.RI .OR. .99’XI.GT .~~I) GO TO 5040 CONTINUE
W P~ITE (6.101)
IF(IC’IECK .EQ.l) GO TO 60
ILHECIc=777
P c. I URN

50 ~~ITE (6.20O)
W~cITE (6,201) (FN (I),Ia1,NFN)
w~ ITE (6,20l) (WE (I),Ial,NFR)
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WMITE (6,201) (BETA (I),I=1,NBTA)
W’~ITE (6,202)
W~ IIE(6.201) (BFN(I).I=1,NFN)
W~’iIE(6,201) (BWE(I),I=1,NFR)W’UTE (6.201) (Bl~ET A (I),I=1,NBTA)
ICPIECK=777
Pt I URN

60 Pt.AD(22) (((OUM ,HA(JJ,N,MM),MP (JJ,N,MM),PA (JJ,N,MM),PP(JJ,N,MM),
X JJ=1,NFN) .N=I,NFR) ,MM 1,NBTA)
RtAD(23) (((WFR (JJ,N,MM),DUM,OUM,PA(JJ,N,MM),RP(JJ,N,MM),1)UN,

K OUM.JJ=) .NFN) ,N=1 ,NFR) ,MM I ,NBTA)
C wFR. SWAY AMPLITUDE • SWAY PHASE. YAW AMPLITUDE AND YAW PHASE APE
C LOCATED IN THE ‘OUM’ LOCATIONS.
C THEY ARE NOT USEI) AT PRESENT AND THEREFORE ARE NOT DIMENSIONED ETC.

Dv 55 N=1.Nf’P
Wt. (N) WE (N) ‘SQPTGL
Dv 55 JJ 1,NFN
00 55 MM :1,NBTA

55 wPR (JJ,N,MM)=wFR (JJ,N,MM )*SQRTGL
100 Fo~MAT(1h1,9x,eDATA SETS DO NOT MATCH’/ lOX, ‘FOR MPH NFN =

K Ii, ’, NFP = ‘.I3.’. NBTA = ‘,13/10X,’FOP SRYM NFN =
X ‘, NFR = •,13,’, NBTA = ‘,13)

101 FORMAT (///1OX .*DATA FROM TAPES IS COMPATIBLE’)
200 FUPMAT (1111,9X,*PIPM — FFI, WE, BETA*/)
201 FORMAT (1OX .1OF1O.5)
202 FURMAT (///9X.’SRYM — F14, WE, RETA’/)

Pt~T URN
E~O‘DECK YINT
FuNCTION YINTP (XA,X .Y,N )
DiMENSION X (1), Y (1)

1 Du 10 I=1,N
IF (X (I )—XA ) 10,10,2

2 I~~ I —2
Ir( I N) 4,4,6

4 I J 1
GO TO 12

6 N’~ N—3
Ir(IN—NN ) 12,12,8

8 I~~ NNGO TO 12
10 CONTINUE
12 jo ii~,3

YINTP O.
0’) 20 1 1N,IO
P~OD=Y (I)
00 16 J IN,IO
P (I—J ) 15,16,15

l~ P~UO PROD * (XA -X (J))/ (X (I)—X (J))
16 CONTINUE
20 YINTP=YINTP .PROD
21 RC.TURN

E~ D
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FUNCTION SIMPUN (X,Y,N)
C FORTRAN IV FUNCTION FOR SIMPSONS RULE INTEGRATION
C EOUAL OR UNEQUAL INTERVALS. U, FR AN K. DTMB, CODE 584, 7—16-65
C

DiMENSION X (5O),Y(5O)
2 l’URMAT (23H NON MONOTONE X SIP4PUN 14,1PE12.4)

IF (N—2) 7,5,4
S S (Y(1).Y(2) )‘(X(2)—X (l))/2.

GO TO 6
7 5:0.

GO TO 6
4 M N-l
S (X (2)

~~
X (1))/6.’(Y(j)~~((X (2)—X (3))/(X(l1..X (3)).2.).Y(2)*((X(1)..X (

Lr~~2
IF (N.Eo.3) GO 10 8
S:S.(X(3)_X (2))/6.*(y(2)*((X(3)_X(4)),(X(2)_X(4)),2.).y(3).((X(2)_

K)
L~~ 38 DLI 1 K LB,M
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ GO TO I

3 W~ ITE(6,~~) Ic,X(tc )GO TO 7
1 S S.(X(K.l)_X (K )/6.’CY (K)’( IX(K’l)—XIK—l ))/(X (K)—X (K—l) I •2.)•Y(I~.

6 SIMPUN=S
RtTURN
E ND
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SUBROUTINE PLOTPR (N, GPM)
C INSTRUCTIONS FOR PLOTTING PERCENTAGE (XCEEDAI4CL DIAGRAMS

COMMON /BL1/ SIIIPN(6), TFT(8). YT(24), YT2(32), TCL.RU6), XTIT (3),
• l~CTIT(3), BUFF(1024), xP(325), YP(325), XMIN, XMAX , XINC , xLG,
• YMIN, YINC, ZMIN, ZINC, ISYM, TWS(3), V, I., CLR, BPL, DISPL. N
COMMON /BL3/ GP(36), GP2(36), YPE (36,2), 2PE 36
CALL PLOT (10.5, 0.0, —3)
CALL AXIS (0.0. 0.0. PCTIT, 21. 5.0, 90.0, 0.0, 20.0)

1 YYI = 8.6
YY2 = 8.2
CALL SYMBOL (0.2, YY1, 0.12, SHIPN, 0.0, 60)
CALL SYMBOL (1.0, YY2, 0.12, 3111. , 0.0, 3)
CALL NUMBER (1.4, YY2, 0.12, BPL, 0.0, 1)
CULL SYMBOL (2.05, YY2, 0.12, 2HFT, 0.0, 2)
CMLL SYMBOL (3.0, YY2, 0.12, 3HV , 0.0, 3)
CULL NUMBER (3~4, YY2, 0.12, V, 0.0, 1)
CALL SYMBOL (3.95. YY2, 0.12, 5MKNOTS, 0.0, 5)

84 CULL SYMBOL U.0, 7.4. 0.10, TWS~ 0.0. 30)
I~~(N.EU.1) GO TO 10Ir(M .EQ.7) GO TO 10

M • 2 — 1
CALL SYMBOL (5.0, VY2, 0.12, TCLR(MM), 0.0, 20)
CALL SYMBOL (7.4, YY2, 0.12, 1H ,  0.0, 1)
CALL NUMBER (7.6, YY2, 0.12, CLR, 0.0, 1)
CALL SYMBOL (8.2, YY2, 0.12, 2HFT, 0.0, 2)

10 IF (N.EQ.2) GO TO 12
LLzL*3~2
CYCLE = 1.0 / 3.75
CALL LBAXS (0.0, 0.0, YT(LL), —30, 7.5, 0.0, GPM, CYCLE )

= 7
N~’ = 29
GO TO 15

12 Ml = H • 4 — 3
CYCLE = 0.5
CALL LBAXS (0.0, 0.0, YT2 (MM), —40, 6.0, 0.0, GPM, CYCLE )
N~~~~ 1

= 35
15 CONTINUE

Xê~(NP.1) a GPMXP~(NP+2) s CYCLEY~d (NP•i) = 0.0
Yfr(NP.2) = 20.0
DLI 18 I:1,NP
II = NB — 1 • I
IF(N.EQ.2 GO TO 17
XP (I) GP(II)
GU TO 18

17 XP (I) = GP2 (II)
18 CONTINUE

DLI 25 I=1,NP
II = NB — 1 • I
IF(P4.EQ.2 GO TO 22
Y~~(I) YPE (II,L)
GO TO 25
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22 Y~~II) = ZPE (II)
25 CONTINUE

CALL LGLIN (XP, VP. NP, 1, 0, ISYM, -1)
IF (N •GT. 1) GO TO 30
DO 28 Ial,NP
Il :  NB—i . I

28 Y~~(I) = YPE (II,2)
CALL LGLIN (XP, VP, NP, 1, 0, ISYM, — 1)

30 CONTINUE
Rt.TURN
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SUBROUTINE PLOTRS (N, J)
C INSTRUCTIONS FOR PLOTTING RESPONSE AMPL I TUDES VS. SIGN .UAVE MT.

COMMON /BL1/ SHIPN (6), TFT(8), YT(24), YT2 (32)’ TCLP (16), XTIT(3),
P~CTIT(3), BUFF(1024), XP(325), YP(3251, XMIN, XMAX, KINC, XLG,
. YMIN, YINC , ZMIN, ZINC, ISYM, TWS (3), V, L, CLR, BPL. DISPL , M
COMMON /8L2/ 5111(323), RA(323,3). P2(323), NK,

SW’$PM(Sl), RAPM (51,3), R2PM(51)
DIMENSION STI(2), ST2(3), ST3(4)
DAT A ST1 / 1OMSIGNIFICAN , LOMT VALUES /
DUT A ST2 / 1OMMOST PROBA, 1OHBLE EXTREM, 1011E VALUES
DATA ST3 / lOlIEXTREME VA , 1OHLUES FOR 0, 1OHESIGN CONS,
• IOHIDERATION /
CULL ~LOT (10.5. 0.0, —3 )IP’ (N .EQ.2) Go TO 12
IF(YINC.GT .0. YPMAX 1O..YI NC
GO 10 14

12 I~ (ZI NC .GT. 0.0) YPMAX a 10.0 * ZINC
14 Nr~ = 0

DO 35 K=1,NK
P (SWH (K) .GT. XMAX) GO TO 35
IF(N.EQ.2) GO TO 22
IF (RA(K,J).GT.YPMAX .AND. YINC.GI.0.) GO TO 3S
GO TO 24

22 IF (R2(K) .GT. YPMAX .AND. ZINC .GT. 0.0) GO TO 35
24 N” = NP • 1

XP~(NP) = SWH(K)
IF(N.EQ.2) GO TO 32
Y~ (NP) RA (K,J)
GU TO 35

32 yP (NP) = P2(K)
• 35 CONTINUE

NP~1 = NP • 1
N”'2 = NP • 2
XPINPL ) = X MIN
X” (NP2) XINC
I )  (N.EQ.2) GO TO 42
IF(YINC.LE.O.) GO TO 44
Y~~(NP1) = YMIN
YP(NP2) = YINC
GO TO 45

42 IF (ZINC .LE. 0.0) GO TO 44
YP (NP1) = ZMIN
Y’’(NP2) = ZINC
GO TO 45

44 CALL SCALE (YP, 8.0. NP, 1)
45 CALL AxIS (0.0, 0.0, XTIT, —30, XLG, 0.0, XMIN , XINC )

IF (N .EQ.2) GO TO 52
LL L’3—2
CALL AXIS (0.0, 0.0, YT (LL),30, 8.0, 90.0, YP(NP1), YP(4P2))
GU TO S4

52 MM = M * 4 — 3
CALL AXIS (0.0, 0.0, YT2 (MM), 40, 8.0, 90.0, YP (NP1), YP (NP2))

54 CALL SYMBOL (0.5, 9.2. 0..12~ SHIPN, 0.0, 60)
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CALL SYMBOL (1.0, 8.6, O.12~ 3111. , 0,0, 3)
CALL NUMBER (1.4, 8.6, 0.12. BPL, 0.0, 1)
C*LL SYMBOL (2.05, 8,6, 0.12. 2HFT, 0.0, 2)
CALL SYMBOL (3.0, 8.6, 0.12, 3HV a, 0.0, 3)
CALL NUMBER (3,4, 8.6, 0.12. V. 0.0, 1)
CALL SYMBOL (3.95 , 8.6, 0.12, SHKNOTS, 0.0, 5)
CALL SYMBOL (1.0, 7.6. 0.10, TWS~ 0.0, 30)
I’ (N .EQ.2) GO TO 58
GO TO (91,92,93),J

91 CALL SYMBOL (1.0, 8.0, 0.10, ST1’ 0.0, 20)
GkJ TO 94

92 CULL SYMBOL (1.0, 8,0, 0.10, ST2~ 0.0, 30)GO TO 94
93 CALL SYMBOL (1.0, 8.0, 0.10, ST3. 0.0. 40)
94 GO TO 60
58 I~ CM .EQ. 7) GO 10 60

M~i = H * 2 — 1
CA L L SYMBOL (5.0, 8.6, 0.12. TCLR (MM ), 0.0, 20)
CuLL SYMBOL (7.4, 8.6, 0.12, 111=, 0.0, 1)
CA LL NU P~BER (7.6, 8.6, 0.12, CLP~ 0.0, 1)
CALL SYMBOL (8.2, 8.6, 0.12, 28FT, 0.0, 2)

60 CuLL LINE (XP, VP, NP, 1, — 1 . ISYM)
Y’~MAX = 10.0 * YP (NP2)

= 0
Do 75 K=1,46
IF (SW~4PM(K) .GT. XMAX) GO TO 75

I~ (N.EU.2) GO TO 62
IF (kAPM (K,J).GT.YPMAX) GO TO 75
GO TO 64

62 I’ (R2PM (X) .GT. YPHAX ) GO TO 75
6 4 N = N P . 1

K~~(NP) = SWHPM(K)
P (N.E~~.d) GO TO 72
Yr~(NP)=’~APM (K,J)
Gi TO 75

72 Y~~(NP) =

75 CONTINUE
X~~(NP.1) = XP (NP1)
X’-(NP.2) XP(NP2)
Y~~(NP.1) = YP (NP1)
Y’ (NP+2) = YP (NP2)
CALL LINE (XP, VP, NP, 1, 0, 3)
Pt. I URN
E ‘~D
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