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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: Initially 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 I
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 P

term in the pressure). If 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.

The first subroutine to be called in each time step is

ACPTR which computes the panel pressures and normal accelerations

induced by the free surface. Next subroutine ZBLANC subtracts the

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.

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 loop.

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(K).

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

* 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,
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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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Sbroutine 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

(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

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

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.

*TYlPE 1 TO READ IN PREVIOUSLY CMPTD BODY ARRAYS

1

*TrYPE 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)

6
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*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. :
*WHlAT IS SWAY VELOCITY FOR POSITIVE TIME

0.

*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.

*WHAAT 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

7



(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. Integers and floating point

numbers are input with formats 415 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(23,10d)(XPT(N),YPT(N),ZPT(N),N=I,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 corner point in the corner

point array previously read in:

READ(23,I01)(KK(N,I),KK(N,2),KK(N,3),KK(N,4),N=I,NPAN)

Output

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, ky , and their increments, Akym . For the case
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defined by the sample input, the x and y wave ntirbers 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)

ACCELERAT IONS

*0.00000000 0.00000000 0.00000000 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. Initially, the free-surface

disturbance is zero and does not induce any pressure or

* 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.

10
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C MAINI ?rloc=~

.A(-I( !20) , ACT~IW "CO) , AMI !20, 3) , Z( 1210) "."( 120, () .2 St 120) , STOLD( 120)
* PM 120, 6)

C~iU~t.'F/A~( 0.3) SS(-"")1 1-0) 1CCMOO,13-0),
.DICI(3) ,lMCO) I A2:CD) I AXY(30)

C0tl1.OU/-B2/1..T( 150) , YPT( 130) .,ZPT( 153) .X, ( 1SO ) F2 15)
SiGcc( 150,14)

COMMOI/A/DIPAI, 117?, GEE, RIIO, ME~ K, EYE, DT. Till,.T 11WD

D IPENS ION PF(6), ,PII( .PT(6)
COPIPLE1 EYE

EYE ( 0. 0. 1. 0)
TYPE -'442

4442 F)RI1.T( ' TE 1 TO READ HIT PREVIOUSLY ClnTD !;.&DY Af'.iAYS')
ACCEPT 400, IIS

400 f0RPLAT( 15)
C COI'2UTZ CODY rlkMRICE'S E AND PH

CALL EBI)(N1S.3)
TYPE 1111

111~1 rfORAT( ' TYPE I TO OUTPT FM.E-STUCE ACCELEDATIONS A171 PRESSURTES,)
ACCEPT 400.NTVP
IF(NSC.NE.1) CALL POTS?
MFNSllM.1E. 1) GO TO 7=34

c rEND ~iu~ILATILICES INTO CORE
CPE1.(UN IT 1, 7ILZ='PTSV' ,ACCZSi='SEQIT', ,DEVICE 'CSr:'

DO 544 Kfl,6
R4 fEAD(1) (PI(J,IMC) 1.UPN

7334 (rTT- 1)
CLCSE( U111T2)

TYPE 16, NPAT
16 FCRUAT( ' BODY IMS B3EE14 DE71INED WITH', 13, -PANIELS')

C OPEN FILE TO STCII TOTAL FORCE CONE1ITS
G?E-N( UrIT: i9,F!LC.'TOTAL' ,\'CCESS: 'SZCOUT ,DEV TCE,=': S::1)

C IHPULSIVE BODY VELOCITIES (COY.ST:1NT AFTIM IMiPULSIVE 71:rST STEP)
CALL IITj( rfTU, N, VjIT, VEIIT, '.RLjIT, VIIT. VYTIjIT)

C INITIALIZE FREE SRFACE
CALL AFX3IN( T, CCX, 31, !GY, S7Y)

C INITI.ALIZE SPECIAL FUNCTION GENERATORS
CALL SINP
CALL EIIP

C SET TIMI TO ZEP.O MTD BEGIN LCCP IN TIIEl(JnDI
TIrlI-O.00

TYPE 2626
2626 MUM'A( Il-IULSE FORCE AT T=0+1)

DO 157 JTICI:1,NTl
JTE: _JTl2II IF (JTIl.EQ.2) TYPE 2627

2627 FORDIAT(' F( TILDA) IN TrIMl DODIAIN- RESPONSE TO STEP, rUNCTION '
TYPEZ 17,111!l
WRITE( 19,2121)TIII

17 F0Ork'IT(// Tr ,F36
C COIPT-r PAIML PlIESSURFS 'I'D IIORMLL ACCZLEDUTlo(S 720.1 -. 9.

CALL ACPTR(PF,PTTVP)
C FIND SOURCE STR22IGTES OF PPANELS

miF(T.UE.1) GO TO 10
C FIRST STE? IS 11IPULSOI VZLOCITIES ARE FiAL VALU-S

CALL LAI(VI.YIVIT RIVI'' YIT.J)
C INITIALIZE SOUtCE STnENGCTES



DO 4176 J=I,NPA&N
4176 7-TPLDfJ)=ST(J)

GO TO) 20
C ZERO ACCELERLATIORS A)FTER FIRST InPULSIVE TIMIE STEP
C FIRST STEP 13 UE'ULSIVE- VELOCITIES "'2ACH FULL VALUE IIISTAIMTY

10 CALL ZBLAC(.,.,0.,O.,O.,O.,JTM)
20 CONTINUE

C CONUTE FRCES COMTRIBUTED BY BODY SOURCE DISTRIBUTION
CALL POTh( PB)

C ADD FlFE-SUT!rACE AITD BODY INDUCED PRESSURES
* DO 768 NGGNI=6

PT( TICOD N)=PF ( IICCN) +Pfl( TICGN)
768 COiIIIUE

TYPE ',433
449103 FCOIIA4T(' TOTAL FOR~CE COMIPONENTS')

TYPE O121,PT(),PT(2).PT(3),PT(4).PT(3),PT(6)
WUiITE 19,2121)PT(I) ,PT(2) ,i'T(3) ,PT(4) ,PT(5) ,PT(G)

2121 F07111T(:3C, 3F 15.6)
306 CONTINUE

C ADVANCE FREE SURFACE
IF(JTlI.EQ.I) GO TO 157

CALL C-kSR( JTI-1)
ir(J~i.GT. 1) TIII2-TIIIDT

157 CONTITUE
CLCSE( UK I T 19)
STOP
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SUM1OUT1INE EIE'
C PREPAREZ TABLE Of EMC'ONEMTAL MITCTION

COPOIT/EINEIST( 100)
DZI=EE'( -0. 10)
DET=EX(-i.0)
DA: 1.0
J=O
BO 974 H-- 1, to
DB=DA
DA: DAkDET
DO 974 N=1.10
J=J+1
D!3= DB,*DE I

ZRTJ) =DD,
974 CONTINTUE

rl TURN

VI



SU".3ROUTUIlE rlTTUrr.I.%"IV,V4.V3,V6)
COflPLEN EYE

TYPE 1
ACCEPT CtM

TYPE 130
ACCEPT 200,V3
TYPE 94

ACCZPT 200.V4
TYPE 12
ACCEI'T 2O0.V2
TYPE 13

ACCEPT 200,V4

10 IPOPdIt-I( H OW MUNIY T II STEPS9 AFTER 1:1 TI1AL STZP')
100 F ORI!AT( 15)
200 rORD-IAT(FI10.0W
300 rOIM AT' MIIAT IS TIM STEP IN7TERVAL -ZERO FOR FIrST STEP,)
11 MUMIAT' W*:A T IS STJMCE VELOCITY FOR 20S ITIVL TIE')
12 rOCfNAT' ITdAT 19 SWAY VELOCITY FOR FCSITIVE TIlE')
13 rfOrIIAT(' ITMAT IS HEAVE VELOCITY FOR iOSITIAVE T17is')
14 FoI'LIAT(' IflAT IS ROLL 'VELOCITY FOR P(,SIT1Vn T?"rE')
15 FOlIUME~ I-MAT IS 1PITCIH VELOCITY V OR PO)SITI'vEl TIl=')
16 FOAMfAT(' *vom'r "0 YAW VELCCITY FOR POSITIXT TIM')
9 FoputIT(' EIDY VELO1CITIES ')
6 FOR!T(' VELOCITIZS ZEr-O TIUM ITEGATIVE-COUST TITM: POS IT IVE')

RIE1ufJR
END



SUBhROUTINE SIHW
C0DfMOff/SNC/SRST( 402) ,CST( 402)
DF=6. 2331=037/4O0.0
FzO.OO
DO 15 N1.402
SfIST( H):SWl( F)
CST( N) a COS( F)
F=F+DF

13 CONTINUIE
RETUBUT
END



SUBROUTINE S I!IQ( q,CS, 'AG)
COMDOPi/SNC/SrIST( 402) , CST( .1O2).

A1~:AW1G*O. 159154943092
NAEm:AZ
AM= AE-PIAE
17(AE.LT.0.O)A~ I .CO+A.E
flD.AZ40O. 0+0.30S
NC: ND+ I

D-Ar-=DAU+DAI
SN1:S!HST( NC)

fl2TUI11
END



SUBROUT!rE ZLLACTI( ACI3X, ACflY. A(;Z.ACDrrL. ACBP. ACBYW. JrTfl
9C C(VY!': S ZOLWX2E EN(Y'79 SNTISFYING 5ODY :2OUND.AT rCUD1l

':O'2:1~Bn7~Ai( 2W '.?~(120) .ZPANI( 120) ,AMiA( 120) ,.T( 120),
.,ICri( 120) , ACrflI( 120) , AN( 120.0 ,E( 120) , P( 120,G) . PIlF S( 120) , STLD( 120)
* .PX( 120,6)

COlOfl/A/NPAII.NrPT, O--Z , I. NKY, EYE,DT T IN. UFl-JD

COM1PLEX EYE
OPEN;(UNIT=-21.FiLZ2E' ,DEVICEu'DSK: .ACCESSu'SEQ1')

D TYPE 6
D) 6 70RHATE' START 1I'MRATION -FOR TINE DERIY OF BD7 SOTT'CE STREIIGTUS')

DO0 WZ)0 J1l.N'AT
Y-- P "IN( J)

ZmZI'Aji(J)

i*CZ= ACBZ+CBlL,.Y-ACBP" X
C DOT PRlODUCT OF DDY AC7L+ BDY 11IUL FREE-SRVC I IIDUC:D NIVIL ACEL

C IVtflTl Ti1T DEn -TIVZ FORl TOTAL SOCPX STnZNGTUm
C AT START OF T~il= ST-7.2

IF( Jri.GT. 2) !3T3LD( J) =STOLD( J) +D~l:ST( J)
ST(J)=.0OO

1800 CONTIVUE
D TYPE 60
D 60 FO0RI'T( *NORDIAL ACCELIERAT IONS')
D TY?,E 15,.ACtT(N),Nzl,NP.V)
D 15 ro!m11Tp I , 5 F12. 6)

457 ItEVIND 21
C BEAD IN INVERSE BODY IATIX

DO 1500 Jal.UPAI

AC=AcNf( J)
DO 1400 XM-1,DPAI1

1400 STI 10 =ST( 10 +E( K):rAC
1500 CONTTINUE

WETWIN
END



SUMaOTrrrrI ACI"'R( PF, NTAC)
C COMPUTE~S uW :CLL-ATIO;S AID PRZSSUTlrS IT

JAN 120) , YPaN-( 120) , ZPAN( 1-0) ,.LIEA( 120) ,ST( 120),

ACLU 1-0) .A~~ !20) 'All( 12", 3), E( 120), ,( 120, 6) , 2US( 120) , STOLD( 120)
.. PXC12O,r6)

COfl2Off/FS/A1C(20,C0) .SS(30,30) .CC(30,30O),
.Dl--C(30) , DIC (2) , zUCr(20) . AMY30)
conorflrfl./M.0'A0, 0., 33)J,AS30, SO) , BS(30, CO)

COIMfON A/IP.11"q f RT, GEE. AVID, N ICC. NIXY, EYE. DT, TI M. U-a!ID

CGNrPLEX Er.SC.r"',CX.!)YCY,3BYCONSCOUI.SX,SXKON,131,B13,C1,C2
CORPLEX A, .AS, 13S

fl!IY1S!ON 0X(30),CX(30),P:-(6),DX(30)
Do I3lO JaI, TPAlT
V(z AN(J. 1)

AZ: AR(CJ.,
Yz )p.'VI( j I
Y:YPAII( J)
ACTm 0. 00
PRTaO.00
DVDZ= 0. Co

CCM'(m = H)*IJC
CALL S I IQ(S3.C. C0)
3X( N) z CIlPLI,( C.8) *DMC( N)
DX( N) a -AO1( DO * )X N:% X

16 r,,( ro = :AIM~ r) *- AE*'tE
DO 163 N1s1IlIIY
CCYY2 AICY(r ) z:Y
C ALfL S I NC(S, C. CCY)
BY= C1WLX(C. S) -D' XID
BYCON=COlJGc BY)

DO 16 DEPzfYI.~C N)

SCOW. 0AIM N. D

S B I vt i%( V. 1)

S:MNmB2* flS( N. 1)

C2: CX il) -CY-CZ
AC~ 4CT-C I :SC-C2!::SCON

t; 7s DVZ EYU: AIM~ m D' C 1:.'T C1*KN /SfQiIT(.UaX N, ZD)
PRTuPflT+SC+SCON

163 CONTINUE
C YIOflfL AC-!LEnTV.ioI1 INDUCED BY F'REE SURFACE

OVDZu 6VMZ:: Fo csnJlT( CEZ) DZ

C PP.ESUrE IrTnU1CrD n7 ME22 SURFACE

1300 CONT ITU!-
CALL PI1FR(P7)

60 '"CaRV 'PRlESSIJRZS')
1070 (I'~ X~. 5F 16. 8)

IT(NWAPC.rfE. ) RETURN

TYPE~ 1!)70,(PRrS(J) ,Jm1IIP.0)
I-TUU1

END



sypfouTIuIE PfliT1Cpy)
C COPUTE FOCE~rS AND i'oilzrrrTS DUS TO 71REE SUr""FACE INDUCED PR!ESSURES

CO1II~1/D/I'T(120) ,??All( 120) ,ZPAII( !20) , AREA( :20) ,ST( 120) ,
ACrl( 120),ACTIT-( 120) .Ail12,) E 120) ,P( 12.),rF(120) ,STOLD( 120)

* ,Pm( 10, 6)

cota70rJ/A'urmIT NPT, GEE, IWO0 'C, 17M Y, EYE, DT, TIM., UFlUD

DIIENSION! PF(6)
COMIPLEX EYE
I,1=0.0
N2= 0. 00
%,3=0.0
X4=0.00

YDoP725 J=).NPI

'IT ZPAT( )

'mX+ FRY
It3 =X3+ F P.7
'lj X4F:FZ-ZF*F11Y

6~~FY-YF,1UC2 1
TYPE 80

80 F 0 1LT' Fr=E SU11FArE INDUCED FORCES --- '1)

PF( 1) =,'?
PF(3) =X3
P F( 4) = "14,
p F( G) =,X6

40 0RDAT(5X, 3F 15.7)
BETURIT



SIMI1OUT!NE AFS 1'T( T.73S%, ST=!3GY, SPI
C IN!PUT FRLE Suru"ACE PALUTZfLLS

CO!,1.1OTFS/41NZ(30,20 89(320.30) , CC(30, -O),
.DION(30) , D-2'( 00) , AM,, 0) ,AZYM30)

COM- ONI/A/NPAN, 11PT, GEE, M1 0, N-Cf, NKY, E ME, DT, T I rl, TJFWqD

COMPLEN EYE
TYPE 171
ACCEPT 100.GEE, rZO
TYPE 200
ACCEPT 100, UFVD
TIPE 180
ACCEPT 100, BGX
TIME lot
ACCEPT 100, Sfl
TYPE 182
ACCEPT 100,EGY
TYPE 182
ACCEPT 100,SPIY
TYVPE 20
ACCEPT 100,T
CALL AFSR( T, EGK, STV, BGY, SIM
T"I Z 201 1C, r ICY

201 FORIT( 21N, 215)
TYPE 21
Do 152 ri= i. .~

152 TYPS 102,A1021(M),DrciN)
TYPE 22
Do 152 1?1I,DTrcy

It")3 TYPE 102, A:(Y(II) ,DICY( '!
171 FfliA(- It1t'UT AZCELERATION OF GRAVITY AKD FLUID DENSITY')
100 FoRI1AT(F 10. 0)
169 FOIM~A(' INPUT PLAN X LENGTH SCALE')I131 FOEUAT(' INPUT IKIN X LENGTH SCALE')
1132 FORII( MIPUT iIAK y SCALE'I)
103 FOrPUAT( ' IPTJT Hin Y LENIGTIH SCALE')
20 FOEUAT( IliTUT IXTIUII TTIKE SCALE')

I21qMKKUT(' I WAVEM iUIEES'I
22 FOITMT( IY WAVE NUM2ES')

102 r aI na ( 1K I., S 12 .5)
200 F.CRIIAT IM1AT IS iOaWTARD1 SPEED?')

M TUI
ENID



27UE2 '.~7-( 3771 ~3GY,Siy)
C INTIIALIZi.2 SZTFACZE

(OrI/D/p7T ( 120).YT-:7,=2) zoPIT c2) , ZP( 120) 12tRa( ,0 ,) ), n(!0

CO!E2!OTT/FS/A1=(30,30) ,SS(30,30) .CC(30,00),
Cli I!-( SAO,) , ( 0 , AK3)(33),2 0.)

COMUlt0U/A/NPli, rTPT, GEE. RUO, IT.-C, NIY, EYE, DT, TI1N, U1F'WD

COMPLEX A. B. AS,3SEYlE
D!Crr-- 1. .0/ ( GEE:::T*T)

N13Y:-0. 3/ ( BGr*DKTT)
SAHX:l I .0/SEix

rI: 0

AOLD=0.CO
1 IF(N.GE.NBX3) GO TO 2

11:1T+ I
fI( N1) = N*N-'::DIMr
AOLD= Al( rl)
!F(AOLD.GE.14IX) NIIX:PT-
GO TO 1

2 N:N+t
Al~i( N) = AOLDg. 1. 0/13=~
AOLD= A=~( NI)
IF(AOLD.LE.ATNX) GO TO 2
DTicl: N
A 1--( I~+ i) AOLD+ I .O/BGX
AOLD:0.0

11 I1'(D1.GE.AW3) GO TO 22
ti: (+ ID=MIV.D=
ALOLDZ AN Y( 11)
IF (AOLD. GE. ANY) NBY:NZ

GO TO it
22 lI: P1+ I

;..'( ID) =AOLD+ 1 .0/EGY
AOLDa AKY( H1)
I F( AOL). LE. ANY) GO TO 22

tKY(+ 1) =AKZY(f) + 1. 0/BGY
AFF=0. 000

UO 17 NZ 1, Nlaf
Arz (I21N+ 1)+U() ."*.50
nDiX( R) =~' 4r fft

17 ArFFAF
BrFF=. 00
DO10 18 I:, NKY
07= ( AICY(iT1+AKYrN))'0. 50
IDICY( N) 2 P,-, - FF

1a ]3rF= BFI
00 too rizs.riicy

A( 11, ID) *(0. 0. 0.0)
acl Th zD =(0.4. 0. 0)

AS(71. ID a(0. 0.0. 0)
A=~( tI, TD :5QRl( AIQ:( IT) 2AYN)')
S IGzSRT( ('EE*ARZ( N. rD

CC(N, 11) COS(S IGX7Df
100 C0'fl'1Nut

END



SUBEROUINrE CrS -1~)
C ADVANCES M'EE SUMFACE VAVE SPECTRA IN TITPE

C0OTT'/)2AN( !20), ,P.l( "720) ,72xr1,( : 20) -01EM 1 20). ST( 120).
.N(120) , iCUW( 120) AiT( -:23,;z) , E( !20), ,( 120.6) ,?FS 20), STOLD( 120)

' PIN 1120,6)

p 'C111r/FS/AI(30,CO), ,SS(09,U-), ,CC(30,00),
.D'= 30) . DIrY(0) , AIKj( 0) ,AY30)

CGIILOIT'A/N'AIT, H4PT, GEE, M1ID, NX, NKY, EYE, DT, TIMl, UFWND

o IMES ION CR( 30)
CXIPLM 2 EYE, AT, ATS, CX, CY, C1'YW I, CXS, A. BAS, BS, DFWD

C FIRST TIMlE STEP IS PR i-P-PULSZ- T1P1E0.0 AFTER FIrST TIME STEP
IF(JTII.EC.1) GO TO 6
DO 100 NiN~
CJ'=- A10.( N) * :1F D..,DT
CALL S~~SCC.i
DFVD=CIIPLX( C, -S)
DO 100 PI1-1,N-,l
CT= CC (III)

AT A(iii, 1-1) -:,CT+E,(TI, TI) 'STTr
P.Ts=AsiaH, P)::TVS ,ii) ':,.=l
3( N * DD) B( N. rl) ,.*,CT-P.(!N, 1I)::*STT

A( N, PI) =AT
AS (IT, r-1) =ATS

C 111OVZ FREE SUT'FACE RELATIVE TO BODY WITII FWD SPEED
A( N, 11) =A( PN, M1) *DF'D

I3 ,i) 13A(l, i) wDFD
DIS (IT, TI) =BS (N, 11) :DFVD

100 CONTINUE
6 CONTINUE

C NO0W ADD EFFECTS OF SOURCZ PANELS ACTING OVER OlmE TIME STEP
DO 1500 J=1, PAI

STARI= ST J) '!10. 00*!)T+STOLD J) ) --'DT
C ST IS TIME RATE OF C(LNCE OF SOURCE STRENGTH
C STOLD IS SOURCE STREGTH AT START OF TIIME STEP
C STARl I S iV-'ElAGZ "VALUIE OF STRENGTH OVER TIMN STEP

STA112=ST0LD( J) ',DT
I r( JTrl. EQ. 1) STArL=ST( J)
F(JTI. EQ. 1)STAM2O. 00
STAR -- TAfl-'-AfEA( J) 0.6366197724

STA2=SAB2ARE J)~O.31331

Ir(JrD!.GT.',) X-,-UWqD*DT*.5O
Y--YPAN ( J)
Z=ZIT(J)
DO 93 P=1,PTIul

CPALL SINQ(S,C,Cl!X)
93 CX( N) =Cl-lFLIMC,-)

DO 94 l1z 1,Nf~

CALL Sli'a(S,C,CYIY)
CYl CIZPLX(tC, -S)

DO 94 11=1I.11H1M

CALL E1(DZP, AfrZ)
CXYI C(11I) :CY%-':Dzp2

C;(YNS=cx ID ;.:DEP.:C0iNJG(rCY)
A( N, 1I1) = MIT, 11) +STP-.,-C~iYI
AS( N, II)=AS( H,T-D)STA.b-C'n-s

C D(17.11) '-lTD CS( HI) INTCREMIENTED NEGLECTING CELANGES lIN SOURCE STRENGTH

C OVER TINEM INTERVAL MME SECOND ORDER IN DT
M(N. fl) =B( PTrlI) -ST. 2*tCll:~S( N UI)
3S( N, rl) = 35. N, 11) -T2:CY:SSNDl)

9,( CONTHU1JE
1500 CONTINUIE

RETURN
END



SUBROUTINE EBWDNrS:IB)
C IT 1TI1L P'ANELS AND CCONFUTE: nODY ILMILTX
C

C~i DI/~/~A1(120) , Y?Alf( 120) , ZPALN( 120) ,AMA( :20) ,ST( 120).
ACMI 120) . ACITiJ( 123) ,A(120,3) , E( 120), P( 120,0), ,?RFS( 120) , STOLD( 120)

CO^XrlNON/BD2/XPT( 150) , YPT( 130) , ZPT( 150) ,IMF ( 130) , IMF 7( 150) 4
, IM 150, 4)

COflNON/A/IIPAN, NPT, GELE,M10l, N1Cf. N' KY, EYE, DT, TIM, UFIND

D IIM!IS ION EP ( 120) , EPP ( 120)

COII!PLE" EYE
C IMAD 11; EO'DY ?)AITEL rATr-TE-1S

OP7( Uf IT= 2,F'-LE='PAiN', DEVI CC=DSX: ' AC= ~S'SYI1q I)
10 1 TOBRHT('1,15)
100 VOIMiAT(3710. 0

C N~UMB= OF POINTS ADPAITELS
nZAD(23. 101) 17ITuF 11

C COORDINATrS OF P0111TS

C DEFI1nE C0RM1ER POINTTS OF ZACIE PANEL
RLEM 10MlT(17,

C COIIPIJT P.ANEL Mlr--AS
BO 150 J=1.rNPAI1
K1=1CKJ, 1)

M3 McfJ, 3)

I F(X4. EQ. 0) GO TO 3

?AI( J) =( Xl)', +VT( X2) -fT(X13) +XPT(X:4)) 0.2

Z?,.,I( J) =(zM !I) +ziT(:) +--PT(Ka) +zPT( --1) ),:0. 20
GO TO 9

C ThIANIJULAR PANELS
8 112AJ(,.!) = ( TT(KI )+NT+XPT i c3rT(-) )/3. 00

??f(J),= ( 'y7T( xa) +YPTT( K2) +Y?-( : 3) ) /3. 03
ZPAN( J = (ZPT( ICI +--T(:,:2)+ZPT(,X3) ) /3.00W
X-=PT XI)
9 =AXPT( 11() -!PT(MX)
YA=YPT(l153) -YPT( XI)

CCOMNFUTE PANEL AREAS

ANJScE. 1 AY RETJ

9r(,' -ZAX



f)j'C1( iU IT 2 !T.L-=Z=' , CCz-SS= SQIu' DVC= 'DSX:c')

jO) hjO8 J= . PAN

CA'LL PIIE-P( JJJ)
ST( J) =0. 00
DO 1308 M--1.6
PX(J 1. = 0. 00

1208 COIITIEIUEl
DO 308 J=1.NP.Ifl

Alt-AN(J, 1)
AY--ANM( J, 2)
AZ=AN( J,3)
Xr=XPMkT(J)
YF =YP:UT(J)
ZF=ZPAII( J)
DO 157 L= . uPT

TX,( L) =MQIT((PCU-F x2(YTL)-) *( ?()-Z)'
157 Rf J! 1.) = SQT C!-=T(L) -,T, ) *::2+( Y.FT( L) - lk::~+ Z?T( L) +ZF) -.--2)

DO 09 JL= 1, llPAiI
JLJ=JL

CALL CE(' T,, Yr,ZF, JLJ, Vf,VY, VZ.VXR, IVY1, VZR.JJJ)

VY= V Y+ VYR
lV Z +V2Z.

C COT'PbTE NIORMLAL VELOCITY AT PAINEL J DUE TO PANEL JL
E ( J L) = AIlV+ A'P-,VY+ AZ*V Z

c iNcnr.IlNrr PIT IIAThIX
'F TI = -AREA ( J) 3'i VX-APUT( J , 1)

F:12-AMlEA(J)*:VX-'AN(J, 2)
7rS= -AREA' J) *VTVX.AI(;. 3)

P'-(JL, 1) =PM(JL,1) +F32l
P,( JL.2) = PX"(JL, 2) +FR2
?X( JL, 4) Pi( JL. 3) +YFR3-Fi2
P-( JL, 4) z P"(,JL, 5) ZYF':rP.3-FuFR2
?M(JL.6) =PX(JL. ) +F::Fr.2-YFFI

309 CONTINUE

008 CONTINUE
DO 2424 K-1.6

2424 XI1TE(24) (PX(L, K) , JLz1, NPAI)
CLOSE( UNIT21)
CLOSE( UN1T=24)

C INVERT E IMTf'lIX
CALL UIATIN( NPAN)
II!TUITI END



SUBROUTINE POTB(PP)
C F117D FORCES ANT) fl1tIEITS INDUCED BY TI1?E RATE OF CHAN7GE OF SRCE STIINGTH

tC IN SPACE F!imD cooRDwINATES

C0MM~ON/BD/XPAr1( 120). YFAIT( 120) .ZPAiI( !20) , AREA( 1120) , ST( 120),
.ACN( 120) ,ACUWI( 120) .AIN120,') ,E( 120) ,P( 120.6) ,PRS( 120) ,STOLD( 120)
* ,PX( 120,6)

COTIION/A/NPANT, NPT, GE--E, RHO. N=. NKY. EYE. DT, T ITT, UFW1D

COMPLEX EYE
DIMENSION PP(6)
PP( 1)0.00
PP( 2)=0. 00
PP(3)20.0
PP( 4) =0.00
PP(5)=0.0
PP(6)=0.O
DO 1500 J=IdrTPAN

C ST(J IS TI iVATE OF CHANGE IN HIULL-F IXE]) SYSTEM OF SOUPCE STRENGTH
C OF PANEL J
C STAV IS AlERAGE SOURCE STRENGTH OVER TIIM STEP AT CENTER OF PANEL J

STAV=ST0LD(J)+O. 5*DT:*ST( J)
C FIRST TnEM STEP IS PURE IMPULSE

IF( .JTI:I. EQ. 1) STAV:O.0
C TINE,, DERIVATIVE Ill SPACZ FIXED SYSTEMI

DO 1200 K--1,6
PP( K.)=PP( -) +( ST( J) ':P( J , )-STAV*UFWD,4PX( J, K) ) ?.1EO

1200 CONTINUE
1500 CONTINUE

TYPE 1870
1870 FOPJIAT(' BODY INDUCZ FORCES =1

TYFTE 2020, PP(1),PP(2),PP(3),PP(4),PP(5).PP(6)
2020 FORr-AT(3X,3FI5.G)

mlETURN
END



SUMlOUTIITE POTST
SSC I 120D /2 2 120 ) A;4~ i 1 20 ) Z 10) ,? ( 120 , P A , ! , (20) , L( 120)

* ,PX( 120.6)

CC1~O/BD2/~T(1!0) -YPT( 130) ,ZPT( 150) IfRF( 150) !-7R~FUl 150)
* IM 150.4)

COI-M~OW/A/NPA, rTPT, GEE, PMlO * N1GM, NKY, EYE, DT, TIIl-v, FD

COP1PLEX A. 1). EYE
Dii-INISIOU !PSL(3,4) ,XTSLR(3,4) . PBB( 120, 120)
COD2iDN/PTSaT/AFLE4(200,4) ,1A4(200,4) ,Y4(200,4) ,Z4(200,4)
.9SEL(200,4)

DO 1500 J= 1.TPAIT
JTZ( 4) -1
JT ( KJ. 4) .E01. 0) JTt 3
EO 1500 JJ=1,JT
J2=1

* 17,(JJ.LT.JT) J2=JJ+1
KFZI<C( JJJ)
ICG= IM J. J2)

Y4(J, JJ) (IT(I) PT G) +YPAM~J) )'/0. 0
Z-6(J, JJ) =(ZPT(KF+ZPT(X G) +ZPAi(J)) /3. 0
Ar='R1UTF) -XPArl(J)
BF =YP T( IT) -Y1P. UT( J)
CF=ZPT(KIU)-ZPArT(J)
AG= XPT( KG -KPAI( J)
BG=YPT(IKG) -YP-Al( J)
CC: ZPT( KG) -ZPAr,( J)
C-ALL SEL-( AF, BF ,CF, A'G, EG, CGFEE)
SEL(J,JJ)=FEE

AlR BF*CG-CF'13G

i=.,4 ( .J , J J) = 0. 3 * S 01TT( AX%-AR+ R* BR+ C W.CID
1500 COHTINUE

DO 127 NJ= 1, NPAIf
DO 1277 PIJ= 1, NPAII

1277 P13(NJ,PNJ)=0.00
P(NJ. n=o.O
p( rIJ,2) =0. 00

PNJ, 3):0. 00
r(NJ .,!5) = 0. 00
PNJ , ) :0.00

DO 123 NK:1 ,,!-
ARNzA1RE4(rJ, NI0
IF(MRI.LT.0.0) GO TO 128
.01=0.00
P2=0.00
P3=0.03
P4=0. 00
P5=0.00
PG=0.00
11 14 ( NJ . NK)
Y--Y4( IJ,IlC)
Z~Z4( NJ, 1110
DO 13n3 rTJ:1, WPAIT

* DO 138 12:1. 4
MJ': t4( .



Yr, Yt-PIJDMO
Z7 mZ4 ( IIJ , PM

P A~1~ARE4 ( HJ , D110
MPARN. LT. 0. 00) GO TO 138

IF(NJ. NE. DIP GO TO 140,
IF(Dll-NE.111) GO TO 140
FfM=SEL( P13 , I-110 /AfhI
GO TO 1380

140 RAzSORT( (111-%~T) *.2+ ( Y-YF) xr.2+( Z-ZF) *x*2)
FRA API/BA

9 1380 Rll= SORT( (11717) **2+( Y-YF) **2+ (Z+ZF) **2)
rRA- FILA-APrI/RB
FRX-AN(rij, 1) -WRA
FRlY---Al( NJ, 2),::,FRA
FflZ=-All(NJ, 3)*'FRA
p I =p I+F POX
P2= P2+FRY
P3= p3+FBZ
P4= P4+YF *MiZ-ZF *FRlY
PS= P5+zFW~X-1 *r'.
P6= P6+',*FY-YF*F1I
'!BM NJ, 113) =PBB( NJ, PIJ) +FrA*ARN

133 CONTINUE
PUtNJ, 1) =P(NJ, 1) +P 1*ArZ~
P(NJ.- 2) =P(T1J, 2) +02,9=4
P(NPJ, 3) = P( rJ3) +P3:'A",tN
Pt IJ,4) = P( J, 4) +P-PARN
mui NJ ) =P( NJ 5) P'AR
P(Ni,<6 = P(IIJ, 6) P6-:ARN

128 CONTINUE
127 CONTINUE

OPEN( UT: * =F ILE-'PTSV' , AC.CISS: 'SEQOUT' ,DEVIC.= DS' :')
DO 554 ICO.=1. 6

53 VRITE( 1) (P(NJ, Ic) , NJ= 1,NPA.m)
CLOSE( UNIT= 1)
RI T

END



SUBROUr1T1E SEL-( AF.BF, CF, AG. BG.CG, PEE)
!,S~z.A-r:,AX,F. :Br+CF::CF

7ZSI r AC:::At;+ C£1:EG+CG9-CCG
AIDB=~.F'rAG+B3F*BG+CF*-CG
ADB2= ADB4ADB
,'S,'S= ( 4Fr:8G-DF*AC) !:%2+( CF:CBG-BF*CG) :: 2+( AF'C0-BF*AG) *2
FF=0.00

Do 13 MECZ1.1O
DO 15 1ic--1.rm~

* LA2 I a N- fl
A2SQ= AS C,:LA2 I :LA2 I
DO 15 P- . I :1.11-c
DO 13 11L= .I,-M,
LB2 1=flL-llL

!F(L21.U.O)GO TO 5
IF(LB21.LT.O) GO TO 5

GO TO 15
5 lSR(A+D*A1:~~2+S*B1iL2

FF~FF+ 1.0/f
13 CONTINUE

!rEE2 F*ASAS*.002
fiETUTJU
END

AI



SMThOUTINE HAI'tT!NPAT)
C INVERTS WI'TRUIC

DIMiN:SIOri E( 120.120) .3B( 120) ,EST( 120)
OPE1;(UN!T:21.FILZ='Z' ,ACCZSS%*SEQIN' ,DEVICESIDSI)
DO0 120 J1l,?PAN

* 120 flEAD(21)(E(J, ),= , TP1
CLOSE(UNT=21)
OPE(UPllTa2i. r IL2='V.ACCZSSm ISEQOUTI ,DEVICEmuDS C:')
DO 130 J1.IPAN
DO I1I rl- .IIPAN
EST( M~D =0. 00

11 BB(MllD:0. 00
BB( J) 1 .0

* EST(J)=1.O/E(JJ)
DO0 17 Y11T2 1.6

110 15 1,IIPAI
15 r .11 1 =D-EUC. I)*rST( I)

EST( 10 z D/Ei K~. )
1? CONTINUE

120 CONT IIMU
CLOSt( UHIT=21)

5 FOMMAT ' ITINV DONE')
IIMITURII
END
SUMIOUTIIIE c-E(1E',YF,Z7-,J,Vl.V2V,Vlr,VR.V3RNEBT)

* CN 120), ACD'X1't120), ,Ar ( 120) ? ( 120 )A ,20 ? S( 120),TLM10
I .P10 120.6)

CPMP1r/BD2,'1T( ISO) , YT( 130) ,ZPT( 10 WR(150) , .rF1"( 150)
-!M~C 150,4)

COIT-1~T/ARZ/I'.rl( 500) %,ZJ(200) , YXJ( 200) ,ZYJ( ZOO)

VI =0.00
V2z0.OO
V3=0.0
vi ft 0.0
1'21100

'-rJ--AH(J, 1
YNJ*AI(J, 2)
ZN.JA170. 3)
NSIDE=4
iF(tac(J,4) .EQ.0) NSIDE3
DO0 20 JJ1I,NSIDE
J2=1

* IF(JJ.LT.NSIDE) J2:-JJ+1
J4zJ4+ I

3F=YPT( 1I)
CF=ZPT( 12"-)

i).11R(J4)
T'GKKJ.J2)
MM NX( AF-XPT( C) ) /R
ANY.N( DF-YPT( KG) )/11
iINZu(CF-ZPT( KG) )/R
Az.4F-NXF



C=CF-ZF
7,X: XZj(j J, ~AIZ-YXJ( J)*.ANY
rl=YM ( J)::Ml%-ZYJ (J),;ANfZ
EXI:J(J A*-Xi.m:AlYXZJJ) AR
CALL GO( Er1, F, FF, WRF(:aT- IMHF MG))
VI: V1+FF*TX
V2: V2+FFITY
V3: V3+FF:,*.TZ

XSA( 3 JJ) = -CITRF( UT~
EXlR--:11+2. O*ZF*ArIZ

CR:-CF-zr.
CALL ME'1 1R, 1, TYF( 17) ,IMFR( CG))

V211:V21-FI::TY
V'lR -V3R+FRXU:TZ

~'SAR(3, JJ) = ClVW.rIUI)
20 CONTINUE

I.-(J.E.IBT) Go To 8m
CALL SOLID (-SA,G4NSIDE)
AGG: A-..lfrJ+B,,YRIJ+czrrJ
G=-SIGN( G, AGG)

84 CONTINlUE
CALL SOLID (0SAR,Ga,lT9IUE)
AGII: A-,TJ+BYlJ-C~rt~ZJ
Gf'l=8IGNl( X, AGG.')

85 CONTIIE
7371 FOrJ-I&T(' GGR:-',2FI5.5)

VI: VI+XTJ:,.G
V2: V2+YNJ*G
V3: V3+ZNJ:.G

'v2a: v2R+YNJ: ,G
113R= V3R-ZIIJ-'GlR

5590 FORMIAT(' VI,V2,VS:',3F15.5)
5591 FOIT!AT(' VlR,V2fl,Vsa:' -,3F1S.5)

Pr-TURN
END



OUBROTYTINE GO( E~f , 11F, RHI , RE2)
E%,2= EX I-R
SIGN= 1.

up=SIG1*EIC1+tfl
DN S IGN*MX+ R11
ARGz UP'DN
X=ARG-1 .00
MFABSOD.GT.O.13) Go To 10

F~ S!GI:X(X-X"~ 3-.0333333*(+. 25*X2))

10 F=S!GTT*ALCG( APRG)
fl!TURN
END



s*nur SOL1112CP1l(

A~:~3~5'; 1. ) :.1 2 ) +,'7.1( 2. 1) : 14( 2.3) +X?1( 3, 1) :.X~T( 3,3)
AC123ca i l(,2)*XPN( 1.)+N ,)~~i ,)~32 :~(33
TMh1SIDE.EM.4) CO TO 40
G:-3. 141592639
Cf3( l) 2ACR*-3-jXC1113:*ACft12
CS( 2) =ACRl3-s1CR12:-ACl23
C~s( 3) ZACft2-A1123!XACRI3

*SMl 1)) f(1

"11() =Sri( 1)
SLT(4)zo.
GO TO 50

40 ~ r AC- :~~ 1, 4) 4M'T(2 .1) :Xa 2,4) ITNI~ 3,31) :~(3

CS( 1) =ACM1-ACR14*ACI112

CSt 3)

1l3'T ( 1,21) %:f1T1(23) -,Tri(2 31) -,,N( 1.43)

S'U~2t1 1, 1):: 'E2,)-2I(2, 1)) P?'h 1,3

D) TYPE 2244, SM 1) , C3( 1)
D TYPE cez244,SfT(2),C3(2)
D TYPE~ C21*4.SI(3),C3(3)
D 7YPS C344,STU4-),CS(4)
6844 r 0 xIAT - Sri, CSz ,- 13. a)

!F(AB:(SUID.CT.0.01) CO TO 25
1FBSCS~1flGT.ASSNfl)GO TO 2~3
11~'1DSCS(2..G.AB~SN()))CO TO 1 5

:r(ABS (CS ( Q))CT. ABS ( Slq(3)) GO TO '25
1090 6z SMJU*. 23

TF(TSIDE.EQ.3) G6SUlt-c. 166666666667

23 STxSN(1TSID:,)
DO 30 I=1,TSIDE

+ GO TO 1090
:'V(5TT'81S( ).LT.0. ) GO TO 1090

ST=SrT( 1)

G=G4ACOaS( C2)
C30 COT17IUZ

ENID
* JUBROUTINIE PHEP(J)

(Cc1IT/lD/!TAN\( 1203) ,YPA( 120) ,ZP,%.( 1-0 ,.\!IA( :20 ).3T( 120),
-AV~( !20) ,ACr1M; 120)-,AH( 120,3).,E( 120) , 2 ),i~ 20).,STOLD( 129)

LhjX 106



CO(ll0N/BD2/IYI'( 130) ,YPT( 130) ,ZPT( 150),!W' 150) F(10
Ila( 150,4)

Cr7-I01/ARE/1UI 500) , 'J( 200) , YXJ( 200), ZYJ( 200)
ZYT- 0. 0
YXT= 0. 00
12T=0. 00
J4=J:x4
JT: 4
lF(ICC(J,4) .EQ.0) JT=3
DO 20 JJ=1,JT
J4=J4+1
J2=1I

IF-(JJ. LT. JT) J2=JJ+1

MG ClC( J, J2)
AG: '1PT( ICU)
B(;= YPT( 1(G)
CC= 7PT( XG)

C7=ZPT( KF)
[1: SQRT( (tl-AG) W.:*2+( Br-BG) **.2+( CF--CG) :::2)
11r.T=AF-X.PJ'1( J)

* 'TBr-YPArT(J)
ZT:CF-ZPAT( J)

AM.'Z- (CAF-CC) /n1

20GT: UX*1, +1IY*YT+ANZ:tZT

eT= YT- D 071, AfJY
* ZT=ZT-DOT*A,:Z

Zvrr= Z'~rZT*lY-ArZ7'r:Y

:21T IT+X.':AflZ-Al~TX,,Z
Put( J21) = R

20 CONTINlUE

*ZYJ (J) =S IGl ui J. 1) IZ'M)
RMITURN

'IN


