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INTRODUCTION

The program NSUP is written in a form which allows data
to be entered interactively on a DEC-10 computer system or equiva-
lent. However the program can be easily adapted to batch input
and to other computer systems by altering the input and output
statements. Also, the velocity history is defined by step func-
tions in each of the six degrees of freedom to aid in computing
results in the frequency domain. This restriction can be easily
removed and arbitrary velocity histories specified.

Groups of Subroutines

One main program (MAIN) and 19 subroutines make up the
program. The nineteen subroutines used in NSUP can be arranged
into groups according to their functions as outlined below.

1. Input and Initialization

Much of the input and initialization is done in the main
program (MAIN). In addition the main program calls
subroutines EXP, SINP, MTN, AFSTN, and AFSR to aid in
this function.

2. Special Function Evaluation

To save computer time the exponential and trigometric

functions are computed from prepared tables. Subroutines

EXF and SINQ perform the required interpolation.

3. Computation of the Source Strength Distribution and its
Time Derivative

Subroutine BLANC computes the source strength and its
time derivative at the center of each panel from the

velocities and accelerations, respectively, at the panel
centers relative to the local (free-surface induced) flow.
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4. Free-Surface Computations

Subroutines ACPTR, PRFR, and CFSR all involve free-
surface related computations.
5. Body Computations

Subroutines EBD, POTB, POTST, SELF, MATJN, GE, GO, SOLID,
and PREP all aid in the computing body-related matrices.

The main program and each of the nineteen subroutines are described

below.

Program Description

MAIN: 1Initially this program checks to see if certain large
arrays which depend only the body geometry have been
computed and stored in their assigned files on previous
runs. If so they are read in directly and do not have
to be computed. The main program then calls subroutine
EDB which reads in the panel description of the hull and
computes arrays E and PX if they are not available. The
matrix E gives the source distribution vector (or its
time derivative) from the vector specifying the normal rela-
tive velocities (or accelerations) at the panel centers.
Array PX gives the generalized force vector induced b
a source distribution vector for finite speed (the pU—%%Q
term in the pressure). I1f required the matrix P, giving
the force vector induced by the time derivatives of the
source strengths of the panels, is computed by subroutine
POTST. Next subroutine MTN is called to specify the
body velocities for impulsive motion in each of the six
) degrees of freedom. Then AFS and AFSR subroutines are
called to define and initialize the free-surface. After
initializing the free-surface the main program calls a
pair of routines to compute trigometric and exponential
tables (SINP and EXP) for later use. The main program
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executes the time stepping loop for NTM values of time.
The first step is impulsive and covers a time interval
of zero duration to obtain impulsive pressures. The
forces and moments computed by this initial time step
are the impulsive values resulting from starting the
body with finite speed. All later time steps are of
fixed duration (DT) with forces and moments acting on
the body giving a time history over the duration of the
& calculation. 1

The first subroutine to be called in each time step is
’ ACPTR which computes the panel pressures and normal accelerations
Z“' induced by the free surface. Next subroutine ZBLANC subtracts the
i free-surface component of normal acceleration as computed by
ACPTR from the accelerations of the body to obtain the relative
¢ acceleration at each panel center. It then applies matrix E to
find the time derivative of the body source distribution. I

The free-surface induced force vector, PF, is then

computed from the pressure distribution by subroutine PRFR (called
' by ACPTR). Subroutine POTB, called by the main program, computes
‘the force vector PB, induced by the time rate of change of the
panel source distribution (through matrix P) and the spatial
derivative of the body-induced potential in the x direction for
finite forward speed (through matrix PX). The two force vectors,
PF and PB, are added to give the total generalized force vector PT
for each of the six degrees of freedom. Finally subroutine CFSR
is used to advance the free surface by a single time step, complet-
ing the 1loop.

Subroutine EXP: Sets up a table for the exponential function.

Subroutine EXF: Uses the table to compute the exponential quickly.

Subroutine MIN: Reads in impulsive velocities for each degree

of freedom, time step size, and number of time steps.
Subroutine SINP: Sets up a table for trigometric functions.

’ Subroutine SINP: Uses the table to compute sine and cosine func-
tions quickly.
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Subroutine ZBLACN: Applies the specified body accelerations for
the six degrees of freedom to compute the resulting nor-

mal accelerations at the panel centers. The free-
surface induced normal accelerations ACNW(J) are sub-
tracted to obtain the net normal acceleration at each
panel center, ACN(J), of the body relative to the fluid.
These accelerations must be cancelled by the time deriv-
ative of the body source density distribution, ST(K).
The ACN(J) vector is multiplied by the E matrix to get
the necessary net rate of change of the panel source
densities, vector ST(K). The total source strength
densities are accumulated in STOLD(X).

Subroutine ACPTR: Computes free-surface induced accelerations
ACNW(J) and pressures PRFS(T) at panel centers.

Subroutine PRFR: Computes generalized force vector PF for six §
degrees of freedom from the computed free surface pres-
sure distribution at the center of each panel, PRFS(T).

Subroutine AFSIN: Reads in parameters defining the free-surface
representation, then calls AFSR.

Subroutine AFSR: Sets up and initializes the free-surface
representation.

Subroutine CFSR: Advances free-surface by one time increment.
Moves body relative to the free surface. Adds the
changes in free-surface elevation induced by the body

sources acting over the time increment to the free-
surface representation. Second order effects in time

are included.

Subroutine EBD: This subroutine reads in the (x, y, z) coordinates 3
of each of the four corner points into a set of arrays
XPT(N), YPT(N), ZPT(N). Panels are identified by a set
of four integers giving the array positions of the four
corner points of each panel. Panel areas, normals and
center point coordinates are then computed. Finally,




the E matrix giving the source time derivative distirbu-

tion for a set of prescribed normal accelerations is
computed. The inverse of E is computed first by the
subroutine GE which gives the acceleration induced at
any panel center point, J, by a uniformly distributed
time derivative of source strength density of unit magni-
tude acting over any surface of panel, JL. Subroutine
MATIN inverts E to obtain the desired form. Simultane-
ously, the matrix PX which gives the x component of
velocity at the center of panel J induced by a source
strength of unit magnitude distributed over a panel, JL,
is computed.

Subroutine POTB: This subroutine is used to compute the general-

ized body-induced force vector, PB, for all six degrees
of freedom generated by a known source strength distribu-
tion and its time derivative. The matrix P(J,K) is
multiplied by a vector, ST(K), representing the time
derivative of source densities of the panels to obtain
one term of PB. Similarly the term proportional to
forward speed is computed from the matrix PX and a

vector representing the accumulated source densities,
STOLID(K).

Subroutine POTST: Calculates the matrix P(N,J) giving the net

force or moment for the Jth degree of freedom induced by
a unit time derivative of source strength over panel N,
Fundamental to this is the need to compute the potential
integrated over each panel area due to a uniform source
density over every other panel. For panels which are
far apart relative to their dimensions this value is,
for unit source density, simply proportional to the pro-
duct of their areas divided by the distance between
centers. The method used here is to divide each panel
into a large number of small subpanels and then calculate
the result numerically, adding the contributions of

each subpanel under the assumption that their separa-
tions are large relative to their dimensions.
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Subroutine SELF: This subroutine is called by POTST to compute
diagonal terms in the P matrix. ‘

Subroutine MATJN: The matrix inversion routine used by subroutine
EBD to invert matrix E.

Subroutine GE: A subroutine called by EBD to compute the elements

of matrix E prior to inversion. It computes the velocity
A (acceleration) at field point (XF, YF, ZF) induced by a
source density (time rate of change of source strength)
of value unity distributed uniformly over panel J.

Subroutine GO: A subroutine called by GE.

Subroutine SOLID: Also called by subroutine GE to compute the solid
angle of a panel relative to the field point.

Subroutine PREP: Prepares all panels for the GE subroutine. It is
* called by EDB prior to using GE.

Sample Input X

As an example of . the input required to execute NSUP
interactively from a remote terminal, a sample input is given
below. Asterisks have been placed at the beginning of all lines b
output by the program to distinguish them from inputs supplied by
the user. Comments have also been added. They are distinguished
by placing them in parentheses.

*TYPE 1 TO READ IN PREVIOUSLY CMPTD BODY ARRAYS
1
* *TYPE 1 TO OUTPUT FREE-SURFACE ACCELERATIONS AND PRESSURES
1
(this option gives a printout of the free-surface induced accel-
erations and pressures computed at the panel centers for every

| time step)

*BODY HAS BEEN DEFINED WITH 60 PANELS
(start subroutine MTN)




*HOW MANY TIME STEPS AFTER INITIAL STEP
150

*WHAT IS THE TIME STEP INTERVAL - ZERO FOR FIRST STEP
0.10

*BODY VELOCITIES

*VELOCITIES ZERO TIME NEGATIVE - CONSTANT TIME POSITIVE
(program assumes a velocity step function at time = zero)

*WHAT IS SURGE VELOCITY FOR POSITIVE TIME

0. :
*WHAT IS SWAY VELOCITY FOR POSITIVE TIME

0. {1
*WHAT IS HEAVE VELOCITY FOR POSITIVE TIME

1.0

*WHAT IS ROLL VELOCITY FOR POSITIVE TIME

0.

*WHAT IS PITCH VELOCITY FOR POSITIVE TIME

0.

*WHAT IS YAW VELOCITY FOR POSITIVE TIME

0.

(end subroutine MTN and start subroutine AFSIN)

*INPUT ACCELERATION OF GRAVITY AND FLUID DENSITY
1.0 |
1.0

*WHAT IS FORWARD SPEED?
0.0

*INPUT MAX X LENGTH SCALE
2.2

*INPUT MIN X LENGTH SCALE
0.20

*INPUT MAX Y SCALE
2.2

*INPUT MIN Y LENGTH SCALE
0.20

*INPUT MAXIMUM TIME SCALE
8.0
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(The time scale is a trade-off between accuracy over the later

time steps and computational time. Generally it can be set to
a value somewhat less than the duration of the simulation with-

out introducing significant errors.)
(END OF INPUT)

Because of its size and complexity the panels defining the hull
are input from a prepared file named PANIN.DAT. The definitions
of the variables which are input and the formats by which they are
read can be easily seen from the instructions and comments at

the beginning of subroutine EBD. 1Integers and floating point
numbers are input with formats 4I5 and 3F10.0, respectively. The
first line in the file defines NPT, the number of corner points,
and NPAN, the number of panels:

READ (23,101) NPT, NPAN .

(The file PANIN.DAT has been assigned to unit 23 previously.)
Next the coordinates of the corner points are read in by:
READ(23,100)(XPT(N),YPT(N), ZPT(N),N=1,NPT)

Finally the panels are defined by giving the four corner points
(in a clockwise sense when viewed from a point outside of the body
along the panel normal). These four points are identified by
integers specifying the position of the cormer point in the corner
point array previously read in:

READ(23,101)(KK(N,1),KK(N,2),KK(N,3),KK(N,4),N=1,NPAN)

Qutput

The program starts its output on the terminal with two
columns of floating point numbers giving the x wave numbers, kxn,
and their increments, Akxn. These columns are repeated for the y

wave numbers, kym, and their increments, Akym. For the case
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defined by the sample input, the x and y wave numbers are identical
with 19 values each starting at 0.01563 and ending at 5.33523.
The total number of modes is 19 x 19 = 361.

During each time step information is typed out. As an
example the output during the initial time step of the computation
resulting from the sample input is listed below.

IMPULSE FORCE AT T=0+

(only for initial step)
TIME=0. 0000000

FREE SURFACE INDUCED FORCES---

0.000000 0.000000 0.000000
0.000000 0.000000 0.000000

(initial values)

ACCELERATIONS
+ 0.00000000 0.00000000 0.006000000 0.00000000 0.00000000

(repeated over 12 lines total)

PRESSURES
0.00000000 0.00000000 0.00000000 0.00000000 0.00000000

(Again repeated over 12 lines. 1Initially, the free-surface
disturbance is zero and does not induce any pressure or
Y accelerations at the sixty panel centers)

BODY INDUCED FORCES=

-0.000030 0.006556 -1.015025
» 0.000039 -0.000109 ~0.000124

TOTAL FORCE COMPONENTS

-0.000030 0.006556 -1.015025
0.000039 -0.000109 -0.000124

(END OUTPUT ON TERMINAL)
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In addition to the output on the terminal, a file named TOTAL.DAT
is created containing the times and the total force components
computed at each time step. Also if the arrays E, P, and PX
must be computed, they are stored on permanent files for future

runs.

Program Listing

A listing of the programs is given over the next few

pages.




4442
400

MAIN PROGRAM

COIRGI/BD/IRPANNC120) , Y2AN( 12D
LACH( 120) , ALITWC 120) , AIT( 129, 3)
. PH(129,0)

COIMBI/ P8/ MZ(30,30) ,88(39,20) ,CC(30,30) .,
. DIC{(30) , BKY(S0) , AITX(C2) , AXY(39)

COMION/BD2/HPT( 1530) , YPT( 1530) ,ZPT( 152} , WRF( 1307 , WRFL( 150)
« KKC150,4)

CCOMMON/A/NPAN, NPT, GZL, RIIO, NIKY, NKY, EYE, DT, TI:1, UFWD

DIMENSION Pr(63,PB(6),PT(6)
COIMPLEX CYD
EYE=(0.0,1.0)
TYPE 4442
FOIUIATC® TYPE 1 TO READ Il PREVIQU3SLY CIPTD 5.0V AXTAYS?)
ACCEPT 400, NSI3B
FORMAT( 13)

LZPANCISD) ,ADZA 2D, ST12D),
CEC129),P¢120,0),2055(:29),3TOLD( 120)

C COIMPUTE DODY MATRICES E AND PX

1111

344

?334
16

CALL EBD(NSEB)
TYPE 11114
FORMAT(® TYPE 1 TO OUTPT FRER-SURFCE ACCTLERATIONS AID PRESSURNES®)
ACCEPT 400, ,UTVP
IF(NSKX3.NE. 1) CALL POTST
IF(HSI3.NE. 1) GO TO 7C34
FEAD FRESSURE MATRICES INTO CORE
CPEN(UNIT=1,FILE="PT3V’, ACCESS="'SEQIN’ ,DEVICE="EST:
CPEN(UNIT=2,FILE=’P¥SV', ACCI83='SEQIN’ ,DEVICE="58X:’
50 544 K=1,6
PEAD( 1 (P(J, D ,J=1,TPAN)

READC2) (PH(J,K ,J=1,HPAN)
CLGSE(ONIT=1)
CLCSE(UNIT=2)

NTH=0

TYPE 16,INPAN
TCRIIAT(® BODY HAS BELEN DEFINED WITH', I3, 'PANELS’)

-

OPER FILE TO STCIE TOTAL FORCZ COMPONENTS

CREN(UNIT=19,FILI="TOTAL’ , ACCESS=*SZQ0UT" ,DEVICZE="287:")
CaLLl MTNONTH, ViGT, VYT, VZIIT, VRLIT, VPIT, VYVWIT)

INITIALIZE FREE SURFACE

I

C SET

17

CALL AFSINC(T, BGY, SiL{, BGY, 3IIY)
ITIALIZE SPECTAL FUNCTION GENERATORS
CALL Sine
CcALL EXP
TINE TO ZEPO AI'D BEGIN LCCP IN TIME(JTID
TII=9.00
TYPE 2625
FORIIAT(* ITIPULSE FORCT AT T=0+')
BO 157 JTIMRI=1,NTM
JTM=JTIM
IF (JTH.EQ.2) TYPE 2627
FORMAT(® F(TILRAY IN TIME DOMAIN-- RESPONSE TS STEP? FUNCTION ')
TYPE 17, TIH
VRITE( 19,2121 T11I
FORMAT(//* TIIE=",F13.6)

c
C IMPULSIVE BODY VELOLITIES (COXNSTANT AFTIR IMPULIIVE FIDST STZP)
C
C

C COIPUTE PAIFL PRESSURE3 AlD NORIIAL ACCELERATIONS TIROI 7.S.

CALL ACPTR(PF,NTVP)

c F1IIID SQURCE STRENGTZIS OF PANELS

IF(JTILOE. 1) GO TO 10

C FIRST STE? IS IIIPULSIVE VZILCCITIES ARE FIHAL VALUZS

CALL ZBLACLI( VIV, VYIIT, VZIT, VRLIIY, VPNT, VYWMT, JTID

C INITIALIZE SOURCE STRENGTIIS
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DO 4176 J=1,NPAN
2176 STOLD(J)=ST(H
’ GO T 20
C ZERO ACCELERATIORS AFTER FIRST IMPULSIVE TIME STEP
C FIRST STRP IS IMPULSIVE- VELOCITIES DIACH FULL VALUE INSTANTLY
10 CALL ZBLACHN(®.,0.,9.,0.,0.,0.,JTHD
20 CONTINUE
C COIPUTZ FORCES COWTRIBUTED BY BODY SOURCE DISTRIBUTION
, CALL POTB(PB) , J
. C  ADD FRER-SURFACE AIlD BODY INDUCED PRESSURES
| DO 768 NGGN=1,6
[ PT( IGCIN =PF ( NGGI) +PB( NGG) i
: 768 CONTINUE i
TYPE 2433 .
4433 FORNAT(’ TOTAL FORCT COMPONENTS') :
TYPE 2121,PT(1),PT(2) ,PT(3) ,PT(4) ,PT(3),PT(&)
WRITE( 19,2121 PT( 1), PT(2),PT(3) ,PT(4) ,PT(5) ,PT(G) ;
2121 FORMAT(3X,3F15.6) [
206 CONTINUE :
C  ADVANCE FREE SURFACE
IF(JTI.EQ. 1) GO TO 157 j
CALL CFSR(JTID
IF(JTM.GT. 1) TIM=TIM+DT }
157 CORTINUE
CLGSE(UNIT=19)
STOP
ERD




SUDROUTINE EXP

C PREPARE TADLE. OFF EXPONENTIAL FURCTION
COMMONL/EX/EHST( 100)
DEI=EXP(~0.10)
DET=EXP(-1.0) -
DA=1.0
J=0
DO 974 M=1,10
DB=DA
DA=DAx:DET
DO 974 N=1.10
J=Jd+1
DB=DB:DE!
EHST(J)=DD

974 CONTIIIUE

RETURN
LD




C

10
100
200
3¢0

! 12

15

SUBROUTIRE IMTICITTM, V1,Y2, V3, V4,V3,V6)

COMION/ A/ NP AN, N2T
CCIPLEX EYZ

» GZE, R0, INCK, WKY.EYZ, DT, TIM, UFWD

NEADS IIf ODY VELCCITY STEP FNCTN (RIGID BODY MOTICN)

€ STARTIRG AT TIIE=ZERO

TYPE 10

ACCEPT 1CO.NTH

HTTM=NTH+ 1
TYPE 309
ACCEPT 200,DT
TYPE 9

TYPE 6
TY?E 11
ACCEPT 200,V1
TYPE 12

ACCEPT 200,V2
TYPE 13
ACCEPT 2€9,V3
TYPL 14
ACCEPT 200,V4
TYPE 15
ACCEPT 200,V5
TYPZ 16
ACCEPT 200.Vé6
FOIIWTC
FORMAT( 15)
FORMAT(I10.0)
FORUIATC® (AT
FORMAT(* UIAT
FOMMAT(* WIAT
FORIIAT(* WHAT
FORIATC WIAT
FORIIAT(® WTAT
FORMAT(® wIAT
FORIIAT(® DODY
FORMAT(® VELOCITI
RETURIT
END

Is
Is
1S
18
IS
IS

15

VZLGCITIES
LS ZERO TIME NEGATIVE-CONST TIIE POSITIVE®)

EOV MARY TIME STZPS AFTER INITIAL STEP')

TIME STEP INTERVAL -ZERO FOR FIRST STEP®)
SURGE VILOUITY FOR POSITIVE TIIIR®)

SWAY VELCCITY FOR PCSITIVE TIIEZ')

HEAVE VELOCITY FOR POSITIVE TIIE®)

ROLL VELQCITY FOR PGSITIVE TINZ')

PITCR YELCCITY FOR POSITIVE TIIZ")

YAW VELCCITY FOR POSITIVE TIIE')

‘)
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13

SUBROUTINE SINP
COMMON/SNC/SRST(402) , CST(402)
DF=6.223133307/400.0
F=0.00
£0 13 N=1,402
SNST()=SIN(F)
CST(N)=COS(T)

Fa2F+DF
CORTINUE
RETURM
ERD
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SUBROUTINE SINQ(SX,CS,ARG)
COMMON/SNC/SHUST(402) , CST(-102) .
] AE=ARG*0. 159184943092
NAE=AD
AE= AE~-NAE
IT(AE.LT.0.0)A%=1.C0+AE
NID=AZ%400.0+0.30
NC=ND+1
DAH= ( AR~-ND=:0.0023) 3, 141392634
DAF=DAO+DAIl
SN1=SHUST(NC)
CS1=CoT(IIO
. SilzSM1+DAT( CS1-8H 1::DATD)
. C3=CS1-DAT=(SN1+CS 1::DA)
NETORIT
END
)
'
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: SUBROUTING ZBLACN( ACPX, ACDY, ACBZ, ACCRL, ACBP, AC3YW,JTMD
' t C COUDTINS SOULLE STRENGTAS SATISFYING LODY TOUNDARY CIDTN
COrDON/BD/XPASIC 1200, VAN 120) , ZPANC120) , AREA( 120) ,3T(120),
.Agg}( lgg) , ACITY( 120) , AlIC 120,0) ,E( 120) ,P( 120,0) , PRFS( 120) , STOLD( 12@)
. PX(120,6)

COMDION/ A/NPAN, TPT, GZE, RO, NXX, NKY, EYE, DT, TIM, UTVD

' COMPLEX EYE
‘ b OPEN(UNYT=21,FILZ=2'E’ ,DEVICE='[SK: * , ACCESS= 'STQIN")
TYPE 6
! D 6 TORIAT(® STARNT ITEZRATION ¥OR TIME DERIV OF BDY SOUTCE STRENGTHS®)
! DO 1220 J=1,NPAI
, X2 XPAN(J)
- Y= YPAICJ)
‘ Z=Z2Al(Y)
ACK= ACBX+ ACBZ- ACBYWikY |
E . ACY= ACBY+ACDY W= ACDILxZ
- +CZ=ACBZ+ACBRL::Y-ACBP=X
C DOT PRODUCT CF DDY ACZL+ BDY NRML FREE-SRFC INDUCTD NRIIL ACEL
ACGNCJI) 2~ ACKWC ) + ACH2AN( T, 1) +ACYRANC J, 2) +ACZ:2AII(J, 3)
€ INTECRATT TIMNT DERUYATIVEI FOR TOTAL SOURCE STRENGTH
C AT START OF TIME ST=? '
IFCJTILGT. 2> STOLD(J)=STOLD(J) +DTHST(J)
ST(J)=0.00
1890 CONTINUE
D TYPE 60
D 60 FORMAT('NORMAL ACCELERATIONS®)
g TY?E 18, (ACH(N) , N3 1, HPAID §
c

13 FORMAT(1¥,5F12.6)
457 REVWIND 21 '
READ IN INVERSE BODY MATRIX |

DO 1560 J=1,NPAIl i
NEAD(21) (E(JJ) ,JJ=1,RPAN)
ACTACN(J)
DO 14CO X=1,NPAN
1400 ST(X) =ST(IO +E(K) %AC
1500 CONTINUE
RETURN
END




C

[ € MORMAL ACCZTLERATION TUDUCED BY FREE SURFACE

' € PREGSUTE INDUCrD RY CREZZ SURFACE

16
\

163

1300

Co
60
1070

CACTHCIZ0) , ACTV 129) , AIC129,8) ,EC 120) ,P( 120, 6) , PRFS( 120} ,5TOLD( 120)

- DIZX(30) , DKY(TO) , AICIH(TO) , AXY(30)

SUBRAOUTINE ACPTR(PF, NTPAC) L
€ COMPUTZS ULAVT SCCELIRATICUS .AlD PRESSUNES AT

PAEL CENTERG
OIS BD/NPANIC120) , VPAN( 129) , ZPAN( 1290) , AREA( 120),3T(120),

«PK(120,6)
COMMoON/Fs,AKZ(30,39) ,88(30,390) ,CC(30,50),

e

COI1i0N/r81.7A¢(30,30) ,B(320,30) ,AS(30,30) ,BS(30,C0)
COMMON/A/NPAN, IIPT, GEE, RIT0, NI, NKY, EYE, DT, TIM, UTWD

CGIPLEX EVT,SC, 0X,CX, bY,CY, 3YCON, SColl, SX, SKXON, B1,32,C1,C2
COMPLEX A,B,AS,38

DIMENSTION BX(30) ,CR(CO) ,PF(6) ,DX(30) 3

DO 1370 J=1,1TPAI

A=ANGT,

AY3 ANCT, D)

AZ3ANCJI, D) E
X3 MPANCD)

Y= YPAN( D)

Z=ZPANIC )

ACT=0.00

PRT=20.00

DVDZ=0.C0O

0 16 N=1,NI{

CCIC(= AR ) =3,

CALL SINQ(3.C,CC T 3

DX(N) =sCMPLX(C, $) :DTL(N) :

DX(N) 2= ACHCID =AKK (3D xAX

CIROID = AR HD = AXEYE

DO 163 P=1,TKY

CCYY=2ARY(ID xY

CALL Sifie(s,C,CCYY)

BY=CIPLX(C, $) =DKY(ID

BYCON=CONJG! DY)

CY= AICTCID =AYEVE

B0 163 N=i,KIX

ARGZ= AIZ( N, ID %2

CALL EXF(DEP, ARCZ)

B1=DEP=BY:xBX(N)

D22 PEP:BYCON::BX( 1D

CZ=AKZ(N, M =AZ

SCaB1I=AN, 1D

SCON=B2xAS(IT,ID

SX=B 1B, 1D

SHON=B2=BG( I, ID

C1=CH(+CYV-C2

C2:CH(H) -CY-CZ

ACT= ACT-C15C~-C2=SCON

LT3 DVZHEYIAICICID 2 (C1:2ST+C2%STON) /SQATC AKZ(N, D)

PRT=PRT+SC+SCON

CONTINUR

OYDZs DVDZ:: UFVD:xSQRT( GEL) xDYDZ
JCAYCJ) = ACTGEZ+DVDZ

TNTS 2 PATCLINTI0
CONTINUR

CALL PRFR(PD)

TONUATO * ACCELEDATIONS®)
JCRIAT( * PRESSURZS )
TORIAT( 1H,3F16.8)
ITCNTPAC.HE. 1) RETURN

TYPE 8¢

TYPE 1970, (ACNV(J) . J*(, TPAND)
TS KO

T\!"Pli 1920, (PRFS( J) , J= 1, 8PN
NETURI

END




SUBROTUTINE PRFR(PT)

C COMPUTE FORCES AlD (IDMENTS DUT TO TREE SUNTACE INDUCED PRESSURES
COIDION/BD/XP AN 120) , YRAN( 120) , ZPAN( 120) , AREA( 120) ,8T(129),
.A(P:N: l‘:'.:O) , ACNW( 120) , AN 129,3) ,E( 120) ,P(120,6) ,20RFS( 129) ,STOLD( 120)
., PH(120,0)

COMNION/A/NP AN, NPT, GEE, RII0, NIG{, NKY, EYE, DT, TIM. UFWD

DIMLENSION Pr(é)
COMPLEX EYE
H{1=20.0
X2=0.60
X3=0.0
#4=0.00
¥3=0.G0
35=0.99
Do 728 J=1,NPAN
PRS=PRIS(J) :=AREA(J)
FRX=-ANCJ, 1) PR3
FRY=-ANN(J, 2) =PRSS
FRZ=-AII(J.3) PR3
Hr=XPAN(I)
YF=YPANC D)
ZF=ZPAN( D)
X1=X1+FRX
X2=12+FRY
I3=X3+TIR7Z
R2=Xa+ YFPuFRZ-ZITRY
A3= KO+ ZP P~ rRZ.
3= Ho+UFuFRY-YFuINK

725 CCNTINUE

TYPE 80
89 PORMAT(® FrLLE SURFACE INDUCED FORCES---')
TYPE <0,X1,H2,H3,X4,.85,%6
Pr{1y=x1
PT(2)=32
PF(3)=X3
Pr¢4)=Xa
Pr(3)=X5
Pr(5)=X6
40 FORMAT(S5X,3F15.7)

RETURN
EfD
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SUBROUTINE AFSINN(T, 26X, MK, BGY, SMY)
C IAPUT FREE SURFACE PARAMETERS

t COMMON/FS. AIZ(30,20) ,88(30,30) ,£C(30,30),
. LDRRI(39) ,DITY(30) , ACH SO , ALY(30)

COMMON-/A/NPAN, IPT, GER, RUQ, NICI, NKY, EYE, DT, TIM, UFWD

COMPLEX EYE
TYPE 171

ACCEPT 109, GEE, RHO

TYPE 200

ACCEPT 109,UFVD

TYPE 189
ACCEPT 100,BGX
TYPE 181
ACCEPT 100,8IX
TYPE 132
ACCEPT 100,EGY
TYPE 183
\CCEPT 109, SMY
TYPE 20

ACCEPT 160,T

CALL AFSTA(T, BGX, 8IX, BGY, SMY
TYPE 201, WZLIIKY

201 TFORMAT(2X,215)
TYPE 21
DO 152 N=1 I

152 TYPL 102, AIZI(ID ,BIEUTRD

TYPE 22
DO 153 =1, NKY

183 TYPL 102, AXY(ID ,DKY(ID
171 FOAMAT(® INDPUT ACCELERATION OF GRAVITY AND FLUID DENSITY')

MAY ¥ LERGTH SCALE')
181 FCRHATC(® INPUT MIN X LENGTH SCALE®)

] 100 FORMAT(F10.0)
189 FORIAT(® INPUT

200 TORIATC® WIAT
OZTURN
END

IS T

182 FORMAT(*® IRPUT {IAX Y SCALZ”)
- 183 FORMAT(® INPUT Il ¥ LENGTH SCALE®)
20 FORMAT(' INFUT MAXYINUII TIME SCALE®)
21 FCRYATC ¥ VAVE QUIBERS’)
22 TORNAT(® Y YAVE NUNDBERS")
102 I'GRMATO 13, 5T 12.3)
TORWARD SPZED?*)

R 3




; SUIZTOUTINGD ATIN(T, DG, 3151, 3GY, SMYD

! C INTIIALIZLG PRIL SURGFACT

‘ H‘u.uON/BD/ PAN(C120) , YPANC 120) , ZPAN( 120) , AREA( 1 290) ,8T(129), :
<ACTTOINDY, AT I20) L AITCI2D,0) L B0 129) , 2¢ 120,57 , 205 129) ,STOLDC 12D 1
oh i ‘(( 120,6)

e 5

COMMON/F5/ARZ( 30, 30) , SS(30,39) ,CC(30,30),
¢ L2EUEO), DITVED) , \KX( UO) ALY (S
C\.IH;OL(/A'SI/‘A( 89,39),B(30,80),A5(30,20) ,835(30,30)

B 1 TV
i

COUMOU/A/NPAN, NPT, GLE, REO, NXX, WKY, EYE, DT, TIII, UFWD

COMPLEX A,B.AS,BES,EYE ;

DKTT= 1.0, ( GEE:TT) i

NBX=0.5.( EC+DXTT) ;]
, NBY=0.5/( BGY#DXTD .
! AMY=1.0/SHX i3

AITY=1.0/SHY Do
| [1=0

11=0

ACLD=0.00

1 IF(N.GE.NBX) GO TO 2

mem+1 Lo
ARKCN) = NN DKTT o
AOLD=AKX(ID ;
IF(AOLD.GE. AILD NBX=N
GO TO 1
N=W+1
AIGZ(N) =AOLD+1.0/3GX
AOLD= AKK( 1)
IFCAOLD.LE. AID GO TO 2
NICK=N
AITICNICE+ 1) = AOLD+ 1, 0/BCX ]

(]

AOLD=0.60
11 IT(M.GE.JBY) GO TO 22
H=1+1
AKY( M) = Mx2DXTT
AOLD= AKY(ID
IFCAOLD.GE. AllY) NBY=M
€O TO 11 :
22 [=1+1 ¢
AXY(ID=AOLD+1,0/BGY
AOLD= AKY(ID
IT(AOLD.LE. AMY) GO TO 22
nRy=H1
AXYOM+ 1) = ALY (ID +1.0/BCY :
AFF=0a 000 i
BO 1?7 N=1,NK{ i
AP= € AIDION+ 1) + A ) ) %0, 50
BIZX( W) = AF-AFF :
1?7 AFF=AF !
BFF=0.00 !
BO 18 N=1,NKY /
SF= CAXY( I+ 1) + AKY( V) ) 20 . 50
DKY(N) =BFf-BFF
138 BFF=BF
O 100 N=1,NKX
DO 100 Ii=1,NKY [
AN, ID=2€0.0.0.0) ; 1
301.ID=¢0.0,0.0)
A3(H.ID=2(0.0,0.0)
L5, ID=2(0.0,0.0)
AT, 1D 2 SQRTC AISI(ID 222+ AXY( M) %22)
5 S16=SONT(GEEXAKZ( N, ID)
SS(N,ID 28 IN(S1G=DT)

CC(N, (D 2COS(SIG=DT)
100 COYTINUE

AZTURIA

END




SUSROUTINE CrSR(JTID
C ADVANCES PREE SURFACE WAVE SPECTRA IN TIME )
COMTICN/BD/ERAN( 120) , VPANC 120) , ZPANC 1290) , AREA( “’0) ST(120), ] '*
LASHCIZ0) , ACHW( 1200, ALTCEI20,D), x.( 120, 3¢ 1"’0 01,7 "{I‘S( 120) ,STOLD( 129)

«PH(120,5) i
COIMoN/FS/AKZ(30,80) ,88(89,09),CC(306,80),

<LIEH30) , DKY(SO) , AICUH(80) , ALY (30) 1
COMIQN/FS1-A(30,30) ,B(30,20) , AS(30,30) ,BS(20,20) j
COMHell/A/NPAN, NPT, GEE, RUO, NKX, NKY,EYE, DT, TIiI, UTWD

DIMTNSION CX(30)
CONPLLY EYE, AT, ATS, CX, €Y, CXY1, CXYS, A, B, AS, BS, DFWD
C FIRST TIIE STEP IS PURAZ {HPULSE- TIME=0.Q AFTER FIRST TIME STEP
IT(JTILEQ. 1) CO TO 6
DO 160 N=1,NKX
G AKXCH) ¥UFUDEDT
CALL SING(S.C,
DPWD= UL E 8y
DO 100 M=1,RKY
CT=CC(IN,ID
STT=S5(H, 1)
AT=ACH, I =CT+B(N, M) %STT
ATS=ASIT, ID 2CT+2S (I, 1D #STT
BN, 1) =B(N, 1D =CT-ACH, ID #STT
BS(N, D =3S(N,ID “CT-AS(N, ID *STT
ACN,MD =AT
AS(N, I =ATS
C NOVZ FRIL SURFACE RTLATIVE TO BODY WITH FWD SPEZD
ACH,ID =ACN, ID *DFVD
DO ID =B(T, ID %DFTD
AS(N, ) =AS(H, ID =DFVD
BS(N, ID =BS(N, ID xDFWD
100 CONTINUE
6 CONTINUE
C NOW ADD CFFZICTS OF SOURCE PANILS ACTING OVER ONE TIME STEP
DO 1500 J=1,NPAX
STAR= (BT(J) %0, SOXDT+STOLD( J) ) DT
C ST IS TIME RATZ OF €HNCE OF SOURCE STRENGTH
C STOLD IS SOURCE STRINGTH AT START OF TIIE STZP
C STAR IS AVERAGL VALUZ OF STRENGTH OVER TIME STEP
STARZ=5TOLD(J) *DT
IF(JTILEQ. 1) STAR=ST(J)
IF(JTIL EQ. ) STAR2=0. 00
STAR=STARZAREACJ) %0 . 6366 197724
STAR2=STAR2:AREA(J) 0. 31331
X=XPAN(J)
IFCJTH,GT. 1) X=H-UFND*DT*.50
Y= YPAN(J)
Z=ZPAN( D)
DO 93 N=1,NKX
CX= AICI ) %X
CALL SINQ(S,C,CID
93 CX(N)=CHMPLX(C,~$)
LO 94 I=1,NKY
CYY=AKY(ID %Y
CALL SINQ(S,C,CYY)
CY=CIPPLE(C, -§)
DO 94 N=1.NKX
ARGZ=AKZ(N. ID #Z
CALL EXF (DEP, ARSD) !
CXY 1= Ca( 1) £CYHDED
CXYS=CX(ID *DEP#CONJG(CY)
ACH, D = ACH, ID +STARHCRY1
AS(N, ID =aS( I, 1D +STARCXYS
€ B(N.ID D BSCH,(D INCREMENTED NEGLECTING CHANGES IN SOURCE STRENGTH

s R A AT At den ) eI aaie

PP

€ OVER TIME INTERVAL ARE SECOND ORDER IN DT
SO D =B D -STAP2XCXY 1:xSS(N, D
SECH, D 28501, ID-BTAR2=CXYS#SS(N, D
94 CONTLIUE
1500 CONTINUE
RETURN
END




SUBROUTINE EBD(ITSKD)
C IUTITIALIZE PANLLS AD COMPUTZ 20ODY MATRIX

Cc
COMMOU/BD/XPANC 129) , YPAIN( 120) , ZPANC 12D) , AREAC (20) ,ST( 120},
CACH(120) , ACHYW(120) , AN 120,3) ,E( {20) ,P( 120,6) , PRFS( 129) ,STOLD( 120)
. PHO126,0)

COMON/BD2/XPT( 1530, YPT( 150) ,ZPT( 150) , WRI( 130) , WRT( 139)
. KK(150,4)

COMMON/A/NPAN, NPT, GEE, A0, NIC{, NXY,EYE, DT, TIM, UFWD
DIMENSION EP(122),EPP(120)

COrrLEY EYE
C READ IN BODY DAUEL PARAIETEDRS
OPEIM(UNIT=20,FILE="PAIIN' ,DEVICE="58X: ', ACCETS3="SIQIN")
1C1 FORMAT(4135)
169 TORMAT(3F12.0)
HUIDBELR OF POINTS AND PANZILS
DIAD(23,101) IPT,IIPAN
COORDINATES O POINTS
READ(23, 100y (XPTN ,YPT(N ,ZPT(I ,H= 1,12
C DEFINE CORNER POINTS OF IACI PANEL
READ(23, 101 (ITU(N, 1), ZX(N,2) ,XK(N, 3,8, 4),T=1,N2AID
CLOSE(UNIT=23)
C COIPUTE PANEL ARTAS
CO 1530 J=1.0NPAR
K1=XK(J, 1D
2=K(J,.2)
S=XK(J,3)
K4=KK(J, )
IF(f2.€Q.0) GO TO 3
RAIMCD = GRRTUED + RTIER) + PTIK3) +XPTI X4) ) 0.
TRANCI) = (Y2TIKI +YPT( X2 +TPT(XB) +YPT( X2} 3 %:6. 25
ZPAN(I) 2 (Z2T(KD +ZPT(X2) +ZPT(X3) +ZPT(Z4) 140,25
GO TO 9
€ TRIANGULADl PANTLS
8 HPAN(D = (PTIXD +IPT(I2)+DPT(X3) ) 73.00
YRPAN(C DA (Y2TIKXD +YPT(L2)+YRT(3)) /3. 03
ZPANCD =(ZPT(KD +ZPTII2)+ZPT(X3) ) /3.0O
Z2=K3
9 HA=XPT(K3)-XPT(X1)
DB=XPT(Ke) -IPT(2)
YA=YPT(K3) -YPT(1)
YR=YPT(KL) -YPT(72)
ZA=ZPT(K3) ~ZPT(X1)
Z3=ZPT(X4) -ZPT(2)
C COIPUTE PANZL ARDAS
AZ=KARYE-YA%ID
A= YARZB-ZARYDB
AY=ZARKB-KAEZB
ATT=SQRAT (AN ATFAT:RAY+ AZ:RAT)
AJTACT) =ARTH0. 59
ACJ, D=-AX/ARE
AN(J,2)=-AY/ARE
AllCJ,3)=-AZ/ARE
150 CONTINUE
826 ORIMAT(* J°,9X,’NX',9¥,°NY’,9¥, N2’ ,9¥,'X2',9%,'Y?' ,9X, ' ZP",
.9, *AREA)
€07 FORMAT(IS,7F11.4)
JTUNSIKB.LO. 1) RETURH
C RETURW TF E AND PH ADRAYS HAVE BEEN COIPUTED IN EANLIEZR RUNS WITA
c SAME BODY




=

OPEN(UNIT=21 , FILZ= "2, ACCISS= ' SZ00UT' , DEVICE= ' DSZ: *)
CPEN(ULIT=04, FILE= " PIISV®, LCCISS= ' SEQUUT’® ,DEVICZ="DSY: *)
1 90 1408 J=1.NPAN :
; ’ JJJ=J
CALL PRED(JJID) .
ST(J)=0,00 .
PN 1308 K=1,6
PX(J,K)=0.C0
1208 CONTINUE
DO 308 J=1,NPAN
JIJ=J
' AX=AN(J, 1)
AY=AN(J,2)
AZ=AN(JS,3)
XF= XPAN(J)
YT= YPAN(J)
ZF=ZPAN( D)
O 157 L=1,NRPT
WRF(L) =SQRT( CGPTIL) =IF) %24 ( YPT(L) = ¥7) %24 ( ZPT(L) =Z7) x%2)
157 WAFNCL) =SORT((IPTIL) —4F) 2+ YPT(L) - ) 22+ ( ZPT( L) + ZF ) %x:2)
P9 399 JL=1,HPAN
JLJ=JL
CALL GE(XT, YF,ZF,JLJ, VX, VY, VZ, VKR, VYR, VZR, JJJ)
V= VR VIR
VY= VY+VYR
YZ=VZ+VZR
C COIPUTE NORMAL YELSCITY AT PANEL J DUE TO PANEL JL
L(JL) = AN VI AYRVY+AZRVE
C INCREMENTT P [IATRIX
FR1=-ATEA(J) *VIZ2ANCJT, 1)
FR2=-AREACJ) #VKXAN(J, 2)
TA3z-AREA(J) % VREANCJI, 3)
PY(JL, 1) =PX(JL, 1> +FAl
PH(JL,2)=P¥(JL,2) +F32
PX(JL,3)=PX(JL,3) +FR3
PY(JL,4)=P3(JL, 4) + YF:FR3-Z < FR2
PX(JL,5)=PX(JL,3) +ZF=FR1-XF=FR3
PH(JL,6)=PX(JL,6) +{F=FR2-YI*FR1
309 CONTINUL
TRITE(21) (E(JL) ,JL=1,NPAN)
08 CONTINLUE
DO 2424 K=1,6
2424 VRITE(24) (PX(JL,K) ,JL=1,NPAN)
CLOSE(UNIT=21)
CLOSE(UNiT=24)
C INVERT E MATRIX
CALL MNATIN(NPAID)
RETURN
END

A RSO M 1 SRR, 1
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SUBROUTINE POTB(P?)
C FIND FORCES AND HOMENTS INDUCED BY TINE RATE OF CIANGE OF SRCE STRNCTH

R C IN SPACE FIXED CODRDINATES
CCMMON/BD/XPAN( 120) , YPAN( 120) , ZPAN( 120) , AREA( 120) ,ST( 120), :
.ACNC 120) , ACIIVI( 129) , AN( 126,3) ,E( 120) , P 120,6) , FRFS( 120) , STOLD( 120) :
., PX(120,6) |

! .

COIMON/A/NPANl, NPT, GZE, RIO, NXX, NKY, EYE, DT, T1M, UTVD :

' COMPLEX EYE i
DIMENSION PP(6) i
PP(1)20.00 :
PP(2)=0.00 i
PP(3)=0.0 ' .
PP(4)=0.00 Pl
PP(5)=0.0 :
PP(6)=0.0 :

BO 1500 J=1,[PAN
ST(J) IS TIIE RATE OF CHANGE IN HULL-FIXED SYSTEM OF SOURCE STRENGTH
OF PANEL J
STAV IS AVERASE SOURCE STRENGTH OVER TIHME STEP AT CENTER OF PANEL J
STAV=STOLD(J) +0. 5:xDT=ST(J)
FIRST TIX STEP IS PURE IMPULSE
IF(JTH.EQ. 1) STAY=0.0
TIME DERIVATIVE IN GPACE FIXED SYSTEM
DO 1200 K=1,6
PP(X) =PP(ID +(ST(J) =P(J, K -STAVXUFWDxPX( J , K) ) *REO
1200 CONTINUE
1500 CONTINUZ ;
TYPE 1870 !
1870 FORNAT(® EODY INDUCE FORCES = ')
| TYPE 2020, PP(1),PP(2),PP(3),PP(4),PP(3),PP(&) oo
5 2020 FORMAT(3X,2F15.6) ’
RETURN :
‘ END

fH 0O Nnan
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SUDRCUTINE PCTST

CO-ZIT/BD/IRANC I2D) , TRAINC1LD) , TPAITC 100), ARTAC12D) , 3T(129),
ACHC2120) , ATV 120) AT 120,83) ,E(120) ,20 126,67, P73 120) , STOLD( 120)
,PX(120,6)

COIRIDI/BD2/XPTC 1530) , YPT( 139) ,ZPT( 150) , WRF( 150) , WRFI( 150)
,KK(150,4)

CONMMON/ A/NPAIT, NPT, GEE, RO, NXX, NKY, EYL, DT, TIM, UFWD

COMPLEX A,D.EYE

DINENSION XPSL(3,4),XPSLR(3,4).PBB(129, 120)
COMMON/PTST/ARE4( 290, 4) ,H4(2900,4) ,Y4(200,4) ,724(200,4)
»SEL(200,4)

DO 1500 J=1,0TPAN
ARTA(J,4)=-1.,0
JT=4
IF(KCT,. 4 .EQ.0) JTz23
CO 1500 JJ=1,JT
Ja=1
IT(JJ.LT.JT) J2=JJ+1
KF=KK(J,JJ)
KG=KX(J,J2)
Ha(J, I =PTT) +IPTIKG) +XPAN(I) ) #3.0
Y4, JI) = (YPT(IET) + YPT(XG) +YPAN(J) ) /3. O
Z24(J, D) 2 (ZPT(IT) +2ZPT( XG) +ZPAN(J)) /3.0
AT=IPT(IT) -XPAN(J)
T=YPT(IT) -YPANCI)
CT=ZPT(KM -ZPAII(J)
AG=XPT(KG) -XPAN(J)
BG=YPT(KG) -YPAN(J)
G=ZPT(KG) ~ZPAII(J)
CALL SELI(AF, BF,CF, AG,EG,CG,FED)
SEL(J,JJ)=FEL
CR= AF::BG-BI'::AC
AR=BF®=CG~Cr=2
T=CFAG-AT::CG
ART4(., JJ) =0, 3uSART( AR AR+ DR*BR+CR+:CR)
COWTINUE
S0 137 NJ=1,NPAL
B0 1227 MJ=1,NPAN
PDBB(NJ,MI)=0,.00
P(NJ, 1)=0.,00
P(NNJ,2)=0.00 -
P(NJ,3)=0.09
P(RJ,4)=0.00
P(NJ,5)=0.00
P(NJ,6)=20.00
DO 123 NK=1,4
ARN=ARE4(IIJ, IIBD
ITCARIU.LT.0.0) GO TO 128
P1=0.00
P2=0.C0
P3=0.09
P4=0.00
P3=0.00
P6=0.¢0
=14(MJ L, NID
Y=Y4(UJ, IO
Z=24(11J, 0K
DO 138 MJ=1,NPAIl
PO 138 ITX=1,4
pAEDIC TR A I 3168
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YF=Y4( M, 110 1
‘ Zr=Z4(MJ, M0
N ARINM= ARE4( MJ, IO
IFCARM.LT.0.60) GO TO 138
IT(NJ.NE.MJY GO TO 140
IF(MKE.NE.HX) GO TO 149
FRA=SEL(MJ, IK) /ARH
CO TO 1389
140 RA3SORT( ( 3{-3TF) 352+ ( Y- YF) 52+ ( Z=ZF) x%2)
FRA=ARIRA
4 1389 RB=SQRT( ( I-3TF) %:x2+( Y-YF) 2+ ( Z+ZF) *%2)
'RA=FRA-ARM/RB
FRX=-AN(I1J, 1) :FRA
FRY=-AII( MJ, 2) =FRA
FRZ=~ANCIJ, 3) %FRA
P1=P1+FBX
P2=P2+FRY
P3=P3+FRZ
' P4=P4+YF#FRZ-ZF:FRY
ot P32 PS+ZFu PR~ FRZ.
1 P6=P6+IT=FRY-YFFRYL
' PBE(NJ. 1) =PBB( J, MJ) +FRA%ARN
138 CONTINUE
P(I1J, 1)sP(NJ, 1) +P1::ARN
P(NJ. 2)=P(llJ, 2) +P2:xARN
P(NWJ,3)=P(11J, ) +PE:xARN
P(I1J,4)=P(1NJ, 4) +P4ssARN
P(NJ,5) =P(HJ,5) +P5=ARN
P(I1J,6) =P(11J, 6) +PG::ARN
128 CONTINUE
127 CONTINUE
OPEN(UHiT=1,FILE='PTSV’, ACCESS="'SEQOUT’ ,DEVICE="DSX: ")
PO 554 KQ=1.6
554 WRITE( D (P(NJ,KQ) ,[{J=1,NPAND
CLOSE(UNIT=1)
RETURN
END
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SUBROUTIIIE SELF(AF,BF,CF, AG,BG,CG,FER)
ASQ= AFuAF+DF B+ CFuCF
2332 AGRAGHCGHEGHCGCG
APB2 AT AG+BFuBG+CF:2CG
ADB2=ADB+ADB
ASAS=( AF#BG-BIF=AC) =2+ ( CI:BG-BF*CG) %::2+ ( AF*CC~BFXAG) *2
FF=0.00
Lo 13 IX=1,10
CO 13 NK=1,MK
LA21=K-11C
A28Q=ASOLA21::LA21
Lo 18 ifL=1,11-IX
0O 1S WL=1,.11-I1L
LB21=IL-I1L
IF(LA21.1IZ.0) GO TO 3
IF(LB21.LT.0) GO TO 5
CO TO 15
R=SORT(ASST+HADD LA 1:XL321+BSQ+LB21%:L321)
FF=Fr+1.0/R
CONTIITUE
FEL=IFASAS*0.002
RETURN
END

Tha L r e s gt e b o




SUBROUTINE MATIIN(NPAID
C IRVERTS P!.‘\TR!X

DIIENSION E( 120, 120) ,3BC129) ,EST(120)
OPEN(UNIT=2%,FILZ=" :' ,ACC..‘SS‘ *SEQIN' ,DEVICE="DSK: ')
DO 120 J=1,NIPAN

120 nEAD("l)(‘"(J D,I=1, NPAN)
CLOSE(UN lT‘"l )
OPCN(UNIT=2:,FIL2= 'C' » ACCZSS='SEQOUT' ,DEVICE="'DSX: ")
8350 130 J=1.NPAN
DO 11 IM=1.HPAN
EST(IMID 20.00

11 BB(ITD=0.00
BB(J)=1.0
EST(J)>=1.0/E(J,J)
BO 1? NIT=1,6
Do 17 X=1,NPAN
B=BB((K)
B0 1§ I=1,NHPAN

13 IF(l, ﬂ:.:{) B D-E(X, D=EST( D)
EST(X) =8/E(1 I, D

17 CCNTIIIUE
TRITE(2D) (EST(IO ,X=1,FPAN)

120 CONTINUZ
CLOS"(UHIT="1)
TY?E §

3 FORMAT(® IATINV DONE’)

NETURN
END
SUBROVUTINE CE(X+,YF,2ZF.J,71,V2,V3,VIR, V2R, V3R, RBT)
COIMOil/BD/HPANC 120) , Y2AN(C 1“0) ZPAN( .._O) +AREA( 129) ,5T(120),
LACTC120) , ACHTN( 120) .AN( 189,3) .E( 120) ,2(120,0) .?P\FS( 1203 ,3TOLD( 120)
. P¥(120,6)

CCMMON/BD2/¥PT( 1530) , YPT( 150) ,ZPT( 150) , WRF( 130) , WRF( 150)
. XK(150,4)

COMION/AR/PR(SCO) , XZ2J(200) , YRI(200) ,ZYJ(200)
DIMENSICN HSA(Z,4),IHFA(3) ,XSAR(3,4)

Ja=J:uq

Vi=0,00

V2=0.00

V320.00

ViR=0.0

T2R=0.0

VOR=0.00

XNJ=ANCT, 1)
YNJ=ANCJI,2)

ZRJ= AT, 3)
NSIDE=4

IF(XK(JS,4) .EQ.0) NSIDE=3
LO 20 JJ=1,NSIDE
J2=1
IF(JJ.LT.NSIDE) J2=JJ+1!
J4=J4+1
K=K S, JN
AF=XPTION
Br=YPT(II)
A"ZPT([H')
R=RR(J4)
FG=KK(J,J2)
ANX=(AF-XPT(KG)) /R
ARY=(ECF-YPT(KG))/R
ANZ=(CF-ZPT(KG))/R
A= AF=-XTF

N Iy e
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B=Br-YF
C=CF-ZF
’ TH= XZJ (J ) % ANZ-YRJI(J) 2ANY
TY= YRJ(J) =ANK-ZYI(J) #ANZ
TZ=ZYJ(J) *ANY=-XZJ (J) =ANK
EX1= A=ANK+ B ANY+CHANZ
CALL GO(EX1,R,FF, WRF(XF) , WRF(XG))
Vi=VI+FF*TX
V2= V2+FFTY
V3= V3+FFTZ
R XSA(1,JJ) == A/ WRF(KT)
XSA(2,JJ) =-B/VIAF (I
\ XSA(3,JJ) =-C/WRF(KTF)
5 SHIR=EX1+2, O%ZF=ARZ

CR=-CP-ZI
' CALL GO(EXIL, R, TR, WRFR(EKF) , WRFR(KG))
! VIR=VIR=-TTTH
V2R=V2R-TIR:TY
; VZR=VOR+FD:TZ
3G5AR( 1,JJ) ==A/WDFR(KF)

WSAR(2,JJ) =-B/WTFRUITE)
ISAR(S,JJ) =CR/WRIFR(LF)
20 CONTIIUE
£26.283185307
IMJ.CQR.NBTY GO TO B4
CALL SOLID ()¥SA,G,HSIDE)
ACGG= AXIII+ B YIJ+ O ZIlg
G=-SIGII{ G, AGG)
84 CONTINUE
CALL SOLID (¥SAR,GR,USIDE)
AGGR= A%I+BuYIIJ-CR=ZHI
GR=SIGI(GR, AGGR)
83 CONTINUC
7371 FORMAT(® G,GR=',2F15.3)
Vi=VI+XJ:G
V2= V2+YNJ:&G
V3=V3+ZNJ::G °
ViR=VIR+IONI:=GR
V2R=V2R+YNJ:=GR
V3R=V3R-ZNJ:*GR
3590 FORMAT(® Vi,V2,Y38=',0OF :
5391 FORIIAT(® VIR,V20Q,V3R=',3Fi153.3)
RETURN
CND
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SUBROUTINE GO(EX1,R,F,RH1,RE2)
EX2=EX{1-R

SIGNR=1.

IF(V2..6T.EX1) SiGh=-1.
UP=SIGI=EX1+RII1
PN=SiGI*EX2+RI2

ARG=UP/DN

= ARG-1.00

IF(ABS(ID .€6T.0.13) GO TO 10
2=

F=5 G X-¥2:2( . 53—, 333533333#X+. 25%X2))
RETURN

F=31GIRALCG( ARG)

RETURN

END

R TR 4Gl <
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1090

SUZROUTINE SOLID(XPN,G,SIDE)
DIENSION €S9 ,SN(4) ,Z(4) ,PN(3,. 4
G=-5,2831630v8
MCRUZ=IPHOL, D PN, 2)+I7PR(2, 1 xXPH(2,2) +XPR(3, 1):=XPN(3,2)
ACRS=IPICL, l) SIPHCT, ) +IPWL, D =IPHOS,3) +PNS, 1) =PI3, D)
ACRO3=s HPHO 1, 2) 2 KPNC 1, 3)*'{PN(_.-)¥-‘{PN( W 3)+IPNIT,2)=IPR(3,3)
FCISIDLE.EQ. “-) CO TO <0
==-3. 14139206359
C3( 1)3ACR23-ACR13::ACR12
CS(2)=3ACRI3-ACR12::ACR23
C3(3)=sACRIZ-ACN23:==ACRIS
SUC1YsHPHCY, 1) .'!PN(‘.!..‘!)*XPN(3.3)-XPH(3.2)=:=XP‘.‘T(2.3) )+
HPICZ, D IPR3, 2 wIPHC L, ) -¥PHO 1, 2) XPI(3,3)) +
PSS, 1 (IPHC] ,2)=I<I£PN(2.3)-XPN(2.2) NPHE1,3))
SN(2)sSN( 1)
SM3)=SN( 1)
S =9,
G0 TO 350
ACTNIASHPNC L, 1) 2T
AR =0T 1.2) 1P
ACDJA= 1P 1, 3PN L, 4)
C3(1)= AC"L.‘--QCRHMAC’H"
CS(2)=1CR13-ACN22:=ACRI2
C5(3)=ACR2~ACRT4£:1ACA23
CS( é.‘ =ACR10~ACRC4::ACR14
2PN, ) =ilH(S, ) =3, ) =PRSS, 0
3'.‘.-’:2‘2!1’“(3.2) IR, ) =PI, 2)=IPR(S, )
D243=KPH(1,2) =IPH(2, ) =1PN(2,3)=IPN( 1,4)
3131=:£PH(2. 1) 2Pl 3, 3.) KPH(3, 1) :=iPN(2,D)
D132=IPH(3, P, 3) =Pl 1, 1) =XPN(3,3)
3183=1PHC L, Dy ”"H(‘.Z.G)—‘{PH( .l)—-;ﬂ’NLl 3)
SUI=EPRCL, 12:aB241+ 2T 2, 1) 2B242+PH(3, 1) 2D2+3
SN(2)==(CP1i( 1,2 B"‘l'*'(?"-.....) BL32+ID2H(3,2)23133)

1,8)+120(2, l)-XP'n...43+‘£P"Us ')f'ffi?N(S,":)
1,9)+{PTI2, ’)-‘{P"u 2,4) = INC3, D) PN(3,4)
+ P2,y 3P 2, 9) .-‘J’N(V,S)ZQ’J’N(S.“»)

S =-CHPIC 1, S w5241+ 12102 125242+ P33, 3)x35243)
R ER g 1,4)-‘5=31:31+X?N(2.-.-) “Bl3"+XP q(3,4)=3103
CONTINUR

TYPE CC44,SNCD) ,C3( D)
TYPE £244,8M(2) ,S8(2
TYPE C£244,80(3),C8(3)
TYPE T344,SH(1) .CS(‘})
I'u wIIAT( " Si,Cs8=",2713.8)

IL‘Z=°H( 1)+‘§N(")TSI¥( J+SH(H)
IF(AB SUID .GT.0.01) GO TO 23
Ire .&BS(CS( 1)) .GT.ASS(SN(1))) GO TO =3
IFCABS(CS(2)) . GT.ABS(SN(2))) GO TO <5
IT(ABS(CS(T)) .CT.ABS(SN(3))) GO TO 25
G=SUN+*, 23
IF(ISIDE.FEQ.3) G=SUMX. 166666666667
RZTURN

ST=SN(USIDZ)

BO 30 I=1,ISIDE

IFC(AES(C5( 1)) .LT.9Z-8) . AND. ( ABS(SR( [3) .LT. .92-03))
+ GO TO 1090

SMSTHSHC D) LLT.0.) G0 TO 1099

ST=SII( 1)

€2=CS( 1) /SCAT(SITC 1) #2224 CS( 1) %:22)

G2 G+ACOS(CD)

CSITIIIUR

RETULIT

LERD

GUBROUTINE PREP(J)

CCHNOU/BD/IPANC 129) , YPANC 1200, ZPANC 129), ARTAC 120) , 3T 129),
<ACUHCL20) ACITWC 129, RVif 120,3), E( 1200, PO 120,45, 2AFS120), STOLD( 120)
. PX(129,6)




20

s s o2 el

COMMOI/EBD2/1PT( 1530), YPT( 130) ,ZPT( 150) , WRI'( 1530) , WRFI( 150)
., KX(130,4)

COITON/ARE/RR( 5CO) , MZJ(200) , YXI( 200) , ZYI( 200) :
ZYT=0.0 ‘
YXT=0.00 i
YZT=0.C9 )
Jaz J=x4g :
JT=4
IFOONT,4) . TQ.0) JT=3
PO 26 JJ=1,JT .
J4zJa+1
J2=1 {
FOJJ.LT.JT) J2=JJ+1
=K, J5 :
70=KR(J,J2) ;
AG=IPT(KG) i
BG= YPT(XG) :
C8=ZPT(KC) !
A=PTOIS) §
BF= YPT(KT) !
CT=ZPT(KF)

YT= AF-XPAI J)

¥T=BF=-YPAN(J)

ZT=CF=-ZPAI(D) :

ANY=CAF-AG) /1 ?

AllY=(BF-B6) /R

ARZ=(CF-CO) /R

20T=2 ANX= T+ ANYRYT+ANZ2ZT

HT= XT-DOT=ANY

T=YT-DOT:=ANY

ZT=ZT-DOT*ANZ

ZYT=ZYT+ZTxANY-ANZ2YT !

YIRT= YT+ YT ANI= AN Y XT :

[DIT= XZ T+ NT::ANZ= A ZT

PR(J4) =R ;

CONTINUT :

TZJICI) 2SIGUANT . 2) . 17ZT) :

YRICI =SIGH(ANCI, 3) , YXD) ;

ZYJ(D =SICIATICJT, 1) ,ZYD) '

RETURN :
foldh1) %
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