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NOTATION

Abk Bilge keel area

AP Aft perpendicular

Ap Appendage added wass term

a Unit vector in axial direction of fin

ae Azpect ratio of an appendage

al1012,0.3 Fin servo coefficients

&33 Two-dimensional heave sectional added mes

BL Baseline of ship

bi Load amplitude for J'th mode

blb 2 ,b 3  Fin controller compensation coefficients

b3 3  Two-dimensional heave sectional damping

c Mean chord of an appendage

COFFIL Base ship coefficient file (TAPE3)

Dj Hydrodynamic force due to body motion for J'th mWde

Ej Exciting force for j'th mode

ebk Fin/bilge keel correction factor

ebl gul1 boundary layer correction for fins

r Force vector developed by active motion of tin

F* Magnitude of force due to active motion of fin

FML Magnus lift term

FP Forward perpendicular

Fv Component of sway force due to active motion of fin

Fz Speed dependent unit sway lift force

fj Sectional Froude-Kriloff force

fo Speed independent unit sway lift force
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Transverse metacentric height

GV Speed-dependent fin gain factor

g Acceleration due to gravity

hj Sectional diffraction force

Inertial force for J'th mode

Direction vectors in x, y, and z directions

KIK2oK3 Fin controller coefficients proportional to roll angle,
roll velocity, and roll acceleration

k Wave number

LCG Longitudinal center of gravity referenced from the forward
perpedicular

LCOFIL File (TAPEb) containing section added miss, damping, and
exciting forces used in the vertical load calculations

LHAFIL Load (vertical shear force and vertical bending moment)
response amplitude operator file (TAPElO)

Lcs Free stream lift curve slope

(Lcs)E Effective lift curve slope

Moment vector developed by active mtion of fin

Component of roll moment due to active motion of fin

M* Component of yaw moment due to active motion of fin

m Sectional mass per unit length

n Unit vector nor1 ,al to fat

ORGFIL Origin motion (surge, sway, hegve, roll, pitch, und yaw)
transfer function file (TAPED.)

RAO Response amplitude operator

WAS Root mean square (equare root of variance)

R2SYIL Root mean sýquare/en:ountered ivdal peoriod file (TAPE 13)

RQLLRFT Computer program used in Canada to compute swy, roll, and
yaw in irregular seas
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RIV Response statistical value

Re Reynold-' number

Ri Restoring force for J'th iode

r Radius of rotating fin cylinder

s Sp*n of an appendage

SEVFIL File (TAPElI) containing response statistical valuea/
encountered modal periods for specific responses used
in Severe Motion Tables

SMP Na.-,' standard ship motion program

SMEL Ship motion and sea load computer program

SMP8l SMP program (1981 version)

SMP8I SMP program (1984 updated version)

SPLFIL Multiply defined (scratch, ship offsets. .onse statistical
values) file (TAPEl5)

STATIS5 Rayleigh constant used in ccmputation of r spcse
statistical values

Tf Draft of ship

'APE3 'lie number associated with COFFIL

TAPE4 File number associated with LCOFIL

TAPE1O File numLer associated with LRAFIL

TAPEl1 File number associated with OHGFIL

TAPE13 File number associated with FSFIL

TAPE14 File number associated with SEVFIL

TAPE15 File num'ber associated with SPL['IL

To Modal wave period

TOE Response enc.ountered modal period

t Time variable

V Ship speed
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VC8 Vertical location of center of gravity of ship referenced

to the Iaterplana
Vj Vertical wave induced load for J'th mode

Vt Tangential velocity at fin trailing edge

WL Waterline of snip

Xa Complex fin servo coefficient

Xb Complex fin controller compensation coefficient

Xk Complex fin controller coefficient

Xcg x-coordinate of center of gravity of ship referenced from the
forward perpendicular

XcpYcpZcp x, y, z-coordinates of the center of pressure of lifting surfaces

XFP Distance between the 3hip forward perpendicular and the
longitudinal location of the center of pressure of the fin

XS-n'it°--.- location of the fin shaft

x Location ivnere vertic&l loads are computed

Zr Distance from vertical center of gravity to center of
pressure of a lifting surface

Fin angle

OLI'M Fin limit angle

ORMS Rcot mean square fin angle

56MSLIM Root mean square fin angle limit

5 Hull boundary layer thickness

6A Wave amplitude

Load phase angle for J'th mode

r Angle that the fin makes to the horizontal

A Sweep angle of fin quarter chord

Ship heading angle

IKinematic viscosity

ix



....... ....... . . ........... . .- . .- ;..............- .-.-.--.

Six degree of freedom ship motions (surge, sway, hmeve,
roll, pitch, ani yaw)

o Mass density of water

Wa Wave frequency in radians per second

WE Encountered wave frequency

Midlength between perpendiculars, midships

-a

I-

'-a

x|



I'.

ABSTRACT

The Standard Ship Motion Program, 34P, was developed
at the David Taylor Naval Ship Research and Development
Center in 1981 as a prediction tool for use in the Navy's
ship design process. S.'MP provides predicticns of th

"* • responses of a ship advancing at constant fc-ward speed
with arbitrary heading in both regular waves and irregular
seas. Since 1981 a number of corrections and improvements

- were made to SMP which are detailed in this report.
Corrections were mde in the bilge keel viscous damping[ calculation for ships that have both a bilge keel and a

skeg described on the same station. An improvement in
yaw-roll coupling was mde by using a different theory to
compute hull lift damping. New predictions were incorpo-
rated into SMP to compute staAilized ship responses for
active antiroll fins using fixed gains. Predictions of
vertical wave induced loads were a-so incorporated into SMP.
In addition, a new set of tables of severe ship responses
is provided as part of the output.

ADMINISTRATIVE INFORMATION

The David W. Taylor Naval Ship Research and Development Center (DTNSRDC) was

authorized and funded over a number of years to develop and improve the capability

and accuracy of a standard Navy ship motion prediction computer program and other

associated computer programs. This report documents computer program changes and

".- additions to the report DTNSRDC/SPD-0936-0O entitled "User's Manual for the

Standard Ship Motion Program, SMP" known as SMP81. Funding was prov'ded by the

* Surface Ship Hydromechanics Program under Project Faement 62543N, Block

.F-43-421-001, identified as Work Unit Numbers 1506-103 and 1506-153. Funding was

also provided for wave induced vertical loads by Work Request N0002483WRlI4526,

identified as Work Unit Number 1522-950.

INTRODUCTION

-,. The Standard Ship Motion Program, SMP,I° was developed at the David Taylor

. Naval Ship Research and Development Center (DTNSRDC) in 1981 to provide a standard

ship rrtion predictior tool for use in the Navy's ship design process. This

"* program, also known as SkP81, provides predictions in irregular seas of the six

degree of freedom ship responses (surge, sway, heave, roll, pitch, and yaw) as well

"� *A complpte listing of references is given on page 27.



io.- .= • = ,, , o °~. .-. . . ... . . . . . . . . ..... . . . . .I

as of the longitudinal, lateral, and vertical responses at specified locations on

"the ship. Since 1981 a number of cocrections and improvements were made to IMP

which are detailed in this report.

* The modifications to SMP, known collectively as 1984 UPDATES, include:

"� 1. A correction to bilge keel roll damping for ships that have both a bilge

* keel and a skeg on the same station.

2. An improvement in the roll prediction using a different theory to compute

* hull lift coefficients.

* 3. A new theory to compute stabilized ship responses using active antiroll

Sfins with fixed gains.

4. A new prediction of vertical shear force and vertical bending moment at

*- specified cross sections on the ship.

5. The lowest frequency of encounter computed in SMP is now restricted to

S0.05 radians per second to avoid calculaticns of added mas, dping, excitations,

Sand motions at near zero radians per second.

" 6. A new set of Severe Motion Tables for selected responses is rrovided as

- part of the output.

It should be noted that no major alterations were made to SMP in either input,

output, files, or the manner in which the program is executed. The updated version

of SMP, known as SMP84, will accept input decks prepared for SMP81 as well as files

* previously generated by RAP81 using these decks. There are charges, however, to

both the input deck and some of the files when new features such as active fins

and/or vertical loads are selected.

The specific changes to input, output, and files associated with active fins,

"vertical loads, and severe motion tables are described in separate sections of this

report.

A description is provided of the method used to rake the program modifications

to 6MP. The files associated with these program c&inges are stored on a disk pack

on the Control Data Corporation CYBER 176 at DTNSRDC. The last sectior of this

report describes these files and details the procedure used to retrieve the SMP8-4

file. A listing of the SMP84 source code UPDATES is provided in Appendix A.

rhis report only describes the changes made to SMP6l. It is thus meant to be

used as a supplement, not a replacement, for the SIP User's Hanual. 1  In addition,

the user is referred to Cox and Lloyd2 for more details concerning the design basis

for using active antiroll fins in roll motion stabilization.

.2



SHIP PARTICULARS

Four ships are used for illustrative purposes, these are:

P1. USCG 210-ft Medium Endurance Cutter (WMEC) - bilge keel/skeg damping

correction

"2. DE-1006 - modification to hull lift terms

3., USCO 270-ft Medium Endurance Cutter (WMEC) -active antiroll fins

4. DDG-51 - vertical loads

A listing of the hydrostatic characteristics of each ship is presented in Table 1

and Figure 1 contains the computer-drawn underwater hull shapes.

UPDATES X0 THEORY

It is assumed in this report that the user is already familiar with the ship

motion theory, variables, coordinate system, files, and input/output scl.emes that

are described in the SMF User's Manual.1 These details will not be repeated here.

Only the changes made to SMP81 are described below.

""* 3 T* B IG t"• nL r...r. t,-, A.... .. lffllll...... 0M

Most of the problems that users have experienced in running SMP involve the

proper selection of input. Spline routines are used extensivelY to fit the hull.

These spline fits are sensitive to curves with sharp corners or that have uneven

point spacing (some points too close together and other puints spaced too far

apart). This type of problem is corrected by using a different point selection and

* .thus did not require a programming change.

A different problem occurred in the calculation of bilge keel viscous roll

"" damping for ships that have both a skew and a bilge keel on the same station. A

*° .variable called the "radius of the bilge" shown in Figure 2 was incorrectly com-

- puted near the centerline of the ship instead of near the bilge keel, due to the

",resence of the skeg. This error caused a :Aignificant increase in bilge keel

damping even though the skeg may have only overlapped part of the bilge keel.

- This error has been corrected in SMP84. An example illustrating the clhange in

the bilge keel component of roll damping is shown in Figur, 3 for a 210-foot United

-" States Coast Guard cutter. A corparison of total damping between the SZIPCl and

SMP84 predictions as well as measured damping from full-scale trials is also shown

Sin Figure 3.

-. 3
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The SMP64 total damping preulction for this ship reflects an additional

.7. decrease in roll damping due to a change in the method of compiting hull lift which

is discussed in the next section.

MODIFICATIONS TO HULL LIFT TERMS

One of the improvements made to SMP in 1981 was the incorporation of hull

and appendage lift terms in the lateral equaticns of mniton. Validation ns

of SMP were made in 1981 for the DE-1006 which showed a definite improvement in

the prediction of the roll transfer functions at high speed. Although the

magnitudes of the ieak values were predicted quite well, the.e wan a general

tendency to shift the rcll transfer functions to longer wavelengths than showed

by experiment.

Subsequent checks of these validation runs were made for the D&-1006 at the

lowest GM value, GM3, at zero-speed and at 27 knots in beam waves. A discrepancy

was ftound between the zero-speed undamped natural )ll period, T# 1 computed in

SMP and the measured roll period shown in Figure 4 (tý..'ken from Reference 3) for

thi G0M3, BK4 (no bilge keel) condition.

The undamped roll period was computed in SM. fiom the natural roll fre-

quency, w.. as

i2 -

... mA 74/(1 44 + A44 ) (1)

T= 2w/w. ' (-

where A is the ship displacement, GM is the Ytacentric height, IL4 is the

structural moment of inertia, and A44 is the hydrodvnamic moment of inertia.

Here I41, is computed as

144 = K K 2 (3)

where M is the amss of the ship and K* is the roll radius of gyration.

The measured value of K. provided as Input to SMP for the validation runs

was 35 percent of the beam. The GM value computed in SIP was 6 percent of the

4



beam which agreed with the measured value of GM. "he roll p'.-iod computed in

SMP for these valusz cf K4 and GM vas 13 seconds. The measured roll period

* shown in Figure 4 was 9.3 seconds. This discrepancy in perio- vwas rvsolved by

assuming that the measured value of K* already contained r )-ydrodynanic com-

ponent as well as a structural component, i.e., the natural roll frequenny should

have been computed for this ship as

=(4)

V • where

14IT= M (K #týUED (5)

The structural radius of gyration, required as input for EMP was then recomputed as

S(K ) 2 = (K) 2  A4/M (6)• :[• (KCrRUCTURAL = KNEASURED

which gave a value of 32 percent of the beam. The new roll period was then corm-

puted by M'11 as 9.3 seconds which agreed with the measured roll period at zero

knots

"* This m)dification to the radius of gyration corrected past of the shift of

- '"the predicted roll transfer functlcns to longer wavelengths at speed but did not

eliminate it.

- Similar roll validation runs were made by Schmitke4 in 1978 for the DE-1006

using a computer program called ROLLRFT which also incorporated terms for hull

"• and aeidai. lift. Thee wilidatiun runs, made using HOLLRFTr, showed a similar

"good agreemtnt in predicting the Deak vaLues of the roll transfer functions at

high speed. In addition, the roll transt'er functions were predicted quite well

at each frequency, i.e., there was no tendency to shift the transfer functions

to longer wavelengths as shown in SMP.

*•�A comparison was made of the thecries for hull and appendage lift that were

, implemented in SMP and HOLLRFT. It was determined that the only significant

*' difference in these lift theories was in the theory used to obtain hull lift. A

discussion of the differences of the two theories of hull lift as implemented in

* SMP81 and ROLLHF-T is provided next.

I.5
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The hull Is treated in 914P81 as a low aspect ratio lifting surface that "4

generates a away lift force and a corresponding roll lift mmeuit at the x,y,z -

location of the center of pressure

0p (7)

Zc -- (Vc + T/12) ('Tc) :,~cp =0

where V, 8 is the vertical center of gravity of the ship referenced to the

waterplane and T is the draft of the ship.

The hul]. lift terms that are aided to the left-hand side of the lateral

equations of motion are

b 2 2 L = F. sin2 r (8)

b2*L - F sinr (9)

C26L - - V b. 2 L (10)

bh2L a b24L (11)

b-hL = F 2 Y (12)

-. I¶-,---

'146L - - b214. .1
V b (4

'62L V b2 2 L (it)

c64L V b2UL ('15)':. -

t6 2 / (v2 . ' br2L (16)

where the angle r that the hull makes to the horizontal axis is -90 degrees,

is the moment arm from the center of gravity to the center of pressurm, V is the

ship speed, and w. is the wave frequency of encounter.

6
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The hull lift corrections to the sw%, exciting force, roil exciting moment,

and yaw exciting moment are determined at the center of pressure as

F.L - f 2 sinr (17)
L.

F4L - f 2 Y (18)

F6L (v/IwE) F2 L (19)

"where
f= w sin r sin u exp(k zc) (20)

2 z cp

Here w is the wave frequency and k Is the wave number. The unit sway lift force,
•. Fz. is

FZ (p/2) A V Lcs (21)

where p is the mass density of water, A is the area (span x mean chord) and Lcs

is the lift curve slope.

The hull is also treated as a low aspect ratic lifting shrface in the Schmitke

ROLLRFT program which uses the theory of Mandel 5 . This theory assumes that a force
S"couple" is generated by the hull at speed with no net sway lift force or roll lift

moment. A yaw moment is developed, however, due to the force couple.

Xcp is computed at the centroid if area of the hull as

Xc fnTp dn (22)

fTn ,

where Tn is the sectional draft. Ycp and zcD are assumed to be zero. The

*[ moment arm used for the force couple is computed as

C p Lpp/2

where C is the prismatic coefficient and Lpp is the length between

perpendiculars.

7



The ROLLRFT hull lift terms addec to the left-hanid side of the laterMl

equatton.s are

b22L =Fz sin2 r (23)

b26 a xcp b22L (24) •

c26 - V b2t:' (25)

b6 2 L x 1cp b22L (26)

c62L = V b22L (2T)

b6 6 L = (Cp Lp/2)2 b 2 2 L + (V2/12) b22L (28)

The additions to the sway exciting force and the yaw exciting moment due to hull

lift are assumed by Schmitke' to be distributed along the lenhth of the shin as

F2 L fTnsinr f2L dq (29)

fT ld qi

F f"n + (V/i wE)I T. sin'r f2 Ld
F6 L =(3 '

fTn dn

where

f2L =Fz w sin!r cos p exp ik(T/2) - in cosiP) (31)

The hull lift theory of Mandel 5 as implemented by Schmitke1 in RDLLRFT was

incorporated into SMP84. New validation runs for the DE-1006 were made using

SMP8h and an improvement was found in the prediction of the roll transfer fune-

tion at high speed. The SMP84 predictions agreed reasonably well with experiment

and with Schmitke's predictions for the DE-1006. A comparison of the SMP84 roll

transfer function predictions with experiment and with the 5M4P81 predictions Is
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shown in Figure 5 for the DE-1006 in beam waves at 0 and 27 knots for the GM3, bKKl

condition. It should be noted that the SMP81 and SMP34 transfer function com-

parisons are identical at 0 knots.

ACTIVE ANTIROLL FINS

Appendages are input into SWP in order to compute their contributions to roll

damping due to lift. These appendages include fine, rudders, skegs, and propeller

shaft brackets. The appendages used in SMP are considered to be passive. One of

the improvements made to SMP was the incorporation of active antiroll fins in the

lateral equations of motion. The active fins use fixed gains which vary with

speed. The gains as well as controller characteristics are provided as input to

SlAP by the user. A method for determining these gains is discussed later in this

section.

The force, F, and moment, M, developed by the active motion of a fin are

F nf- Ap(xcp - x.) + 13 A foV(Xcp - x5)18 + fOV2 6J

= nF* (32)+ +
M r xF

=rcp x nF* (33)

where F* is the magnitude of the force due to the active fin motion, B. The dots

used in Equation (32) stand for time derivatives so that i and . are fin rate and

fin acceleration respectively.

The variable V in Equation (32) is the ship speed and x. is the longitudinal

location of the fin shaft referenced to the longitudinal location of the center of

gravity of the ship. The longitudinal location of the center of pressurp of the

fin, XCp, is assumed to be at the fin shaft for a passive fin but to move aft of

the fin shaft for an active fin. The longitudinal distance, Xcp x5 , is assumed

to be 1/6th of the mean chord for an active fin.

.9



The fin added mass term, A., is defizad as

- WO s(E/2)2 (3'.)

where p is the mass density of water, a is the span, oand " is the mean chord. The

term fo is defined as

f- (P/2) A Ls(5

where A is the planform area of the fin, and L., is the fin lift curve slope. The C
position vector, c is defined as

rcp X iXcp + JYcp + kzcp (36)

where x.., Y.P, and zcp are ithe locations of the center of pressure of the fin

referenced to the vertical center of gravity of the ship.

The vector, it, in Equation (32) is the unit vector normal. to the fin, defined

as

n - iO - Jsinr + kcosr (3T)

where r is the angle that the passive fin makes with respect to the horizontal
axis. The unit vector, it, the angle r, and the position vector it are shown in

Figure 6.

The fin rate term, 3ApV;, in Equation (32) is known as the Magnus Lift, term. 6

This lift term occurs because an active fin behaves in a manner similar to a
rotating cylinder in a flow. The general form of the Magnus Lift term is

FML z 2,(Vt/V)(2rs)(PV2 /2) (38)

where the tangential velocity at the trailing edge of the fin, V%, is

vt 3F7)0 (39)"

10I



The radius r of the rotating fin cylinder is

r = /2 (40)

Substituting Vt and r into Equation (38)

F = 2 ,(3/1 ; Z s(p/2)J,

31 wps(C/2) 2 1 V

a3APV S (141)

The components of sway force, F., roll moment, M., and yaw moment, M., are

obtained by substituting the expressions for p and it into Equations (32) and (33)

Fy =- sinr 'F (42)

MO Vy F'43)

M , , Xcp P in r F (44)

where
SY% 

cp cosr + zcp sin r (45)

Tne fin stabilized lateral equations of motion ate obtained by adding Fy, Mot

and M to the left-hand sides of the sway equation, roll equation, and yaw

pri.qt~rn. , .reSl~e,,tjVC IV

The commanded moiaon of the fin, 8, is determined using a control law

operating on the roll mtion of the ship and its time derivatives Ps

S 0v [XI(X/ - Xbl 1 (146)

where Gv is a speed-dependent gain factor. Xk, Xa, and Xb tre complex coefficients

defined as

x 1E (KI- w2 K3 ) + L!2 (4T)

11
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x4 W • E2 &3) + WE&(28

Xb - (b1 - b 3 ) + I `Eb 2

where K1 , K2 , and K3 are fin controller coefficients proportional to roll accelera-

tion, roll velocity, and roll angle; al, a2 , and a3 are fin servo coefficietrts; and

bl, b2 , and b3 are fin controller compensation coefficients.

The coefficients GV and Kj, aj, and b., where Jal to 3, are required as input

in SMP. Nominal values for these coefficients were obtained from Reference 2 and

are shown in Table 2.

The free-stream fin lift curve slope in Equation (35) is computed in tMP as

Lc 1.8 as/ [cos A(ae 2 sec2 A + 4)112 + 1.8 ] per maoimin (5CS

where a, is the effective apeet ratio of the fin, i.e., 2s/c and A is the sweep

angle of the fin quarter cnorj.

The user can optionally input an efrective lilt curve s~ope which takes into
account fin performance degradation due ,o the effects of hull boundary ir,
fin/bilge keel, and fin/fin interference effects. The user is referre4 to

Reference 2 for methods that can be used -o determine these drgrafttim effects.

One dearadation effect discussed in Reference 2 that should not ba used involves

fin-induced sway and yaw motions. R-fertnce 2 used this jarticular effect tc

account for sway and yaw motions in a one degree-of-freedom roll equation to compute
stabilized roll for active fins. SMP does not requir-t this degradation errect

because i uses a threp degree-of-freedom mth model. to conpute stabilized sway,

roll, and yaw directly using the fin sway force, fin roll moment, sad fin yaw

moment from Egations (h2), (43), and (4h).

FinalLy, if the user does not have specific valxies for the fin gain factors

GV, it AlL be necessary to find them iteratively by making a mumber of runs of SCP

for a range %f GV values using program opti',n OPTNs3 and OT1fM5 in Data Card Set 2,
The user is referred to Reference 1 for the details of running SMP.

The procedure involves applying a speciric fin anele limit criteria, based ors
occurreuce of fin stock strength, stall, cavitation, and/or re1uced noise consider-

ations (see Reference 2), to the root mean square fin angles uatput by MP at the

12



m-

heading which produces the worst roll motion in a design seaway. It should be

noted that the significant wave height for this design seaway should be input by

the user in Data Card Set 14. A root mean square statistic, STATIS-l.00, should

also be input in Data Card Set 14 when making the iterative runs of IMP.

Typically, the user selects a fin limit angle, 8LIM, (e.g., 21 degrees at 15

knots) for each speed with a one in ten probability of being exceeded. This means

that for a particular speed, the root mean square fin anglei, 01. is determined as

8$RIS - BLIM/2.14 6  (51)

where 2.146 is the Rayleigh constant used to compute this probability of

exceedance.

Next, the user plots the fin angle RMS values at the worst roll heading in the

design seaway as a function of the G values that were used in the various runs of

SHAP. The fin RFS limit criteria, $Ms. for each speed are then plotted. The

ajpopro te value Of GV fur e7Ati speed can Lhen be determined from wne intersection

of Om 1St that speed and the curve of computed RNS fin angle as a function of G.

An example of this type of plot is shown In Figure 7 for a 21O-foot United States

Coast Guard cutter.

VERTICAL LOADS

The theory of Salvesen, Tuck, and Faltinsen1 is use to compute the ver-

tical wave-induced loads at specified cross sectionb of & ship adavcing at

constant forward snt~d with arbi~tra.- heading- in regular szinusoid-all %av,-z These

loads are expressed for a given ship speed, heading angle, and frequency of

encounter, E., e-s:

V -- * cos( Et + a 052)

where b iis the load amplitude with J=3 refjrring 1,o the rertical shear force and

J=5 referring to the vertical bending momentý The plhse angles 5j refer to the
phase lead of Jth load with respect to the maximum wave elevation at the origin of

the x,y,z coordinate system shown in Figure B. This right-handed coordirnate

system is moving vith the constant Dean for-ward speed of the shp.) with the origin

lying in the undisturbed free surface and located at the longitudinal center of

13
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gravity. The coordinate system is defined with z positive vertically upward

through the center of gravity of the ship, y positive to port, *and x positive in

the direction of forward motion of the ship.

The sign convention of the vertical loads is also shown in Figure 8. The

loads are located at the specified crosa section with the vertical shear fore.-,,

V3 , positive upward and the vertical bending moment, V5 , positive bow down. It

should be noted that V5 is actually the moment about the horizontal axis. It is

referred to as the vertical bending mmnt by convention since it is the moment

due to the vertical forces.

The vertical shear force is corputed es the difference between the inertia

force and the sum of the external forces acting on the portion of the biU forward

of the specified cross section:

V3 = 13 - (R3 + ý3 + D3 ) (53)

where 13 is the inertial force, R3 is the static restoring, E3 "a the exciting

force, and D3 is the hydrodynamic force due to the body motion. Similarly, the

vertical bending moment is computed as the difference of the Moment &W to the

inertia force and the sum of the moments due to the external forces:

V5  - (R 5 + E5 + D5 ) (5k)

The vertical inertia force is equal to the mass times the acceleration:

I 3  nm) dn (5d5)

-here m is the sectiori maoss per unit length, t3 is the heave acceleration, and

is the pitch acceleration. The sign convention of the six degree of freedom

motions, E, are shown in Figure 8. The integration is ovnr the portion cf the

ship forward of the specified cross section.

The vertical moment of inertia is defined as:

a - fm (,-x) (E3 - ný5) dn (56)
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where x is the longitudinal location of the cross section referenced to the origin

of the x,y,z coordinate system in Figure 8.
The vertical hydrostatic restoring force and moment over the portion of the

ship forward of the cross-section at x- are given by:

R - Vg b (d3 - OTF5) dn (57)

-5 1 f b (V-x*) (C3 -v,4) dn (58)

where p is the mass density of water, g is the acceleration of gravity, and b is

the sectional beam.

The exciting force and mment over the portion of the ship forward of the

cross section at x* are defined an:

E3  OC If (f3 *h 3 )di + t(V/iw1 E) h 3 )IrrxJ &exP(iOt) (59)

E "" f • - P)A (fn- 3 +A)( + (ViujE)h3 ]Adn exp(iwF.t) (60)

where CA is the wave amplitude and V is the ship speed.

The sectional Froude-Kriloff "force" is given by:

f 3 W g exp(-ikricosp) fcn N3 exp(ikysin&) exp(kz)dl (61)

and the sectional diffraction force is given by:

h3 - w exp(-ikncosp*) Cn('N3 - li2 sinu) exp(ivysilnu) exp(kZ) 3 dl (62)

"Here k is the wave number and u is the ship heading angle relative to the incident

wave. N2 and N3 are the two-dimensional sectional normal components. Cn denotes

"the cross-section at longitudinal location q.

The hydrodynamic force and moment due to the body motion on the portion of the

ship forward of the cross section at x are given by:
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D)3  f- f -33( "3 - 5) + b3 3 ( Z3 -nZ)

- (V/WE2 )b 3• 5 ' Va33  } din

- [Va 3 3 (i3 - ni5) (V/ 2 )b 33 ( 3 - )

- (V2/,EI2)( + b (63)33 Z53 3 ~ 33i5 .5U-x
and,

D= - n55) + b(•; - nrI) }dn

÷ f {Va 3 3(i 3 - x* 5 ) - (V/f '3 -U )

- (V2 /1 2 )(a 3 3A + b3 3 i)} dn (64)

where a3 3 and b33 are the two-dimensional sectionas. added-mass and damping for

heave.

RlESTRICTION ON IMOCUNTER FREQUENCY CALCULATION

The frequency of encounter, wE, is computed as

""- w (V/lg)cosO P (65)

where V is the mean forward speed of the ship, p Is the heading angle, and a is the

* - wave frequency.

The two-dimensional velocity potentials as well as the zero speed added mss
and damping cuerfiuiýuts &re Calulated In ...... over a fixa -- _.. . " 10 encounter

- frequencies from 0.05 to 10.0 radifns per second. The 2-D velocity potentials and

"added mass and damping coefficients are then spline fitted over this range of 10

encounter frequencies. The 2-D velocity potentials and added main ad damping for

specific wE values, computed in Equpation (65) foz various ship speeds, headings and

wave frequencies, are then obtained by interpolation from the spline fitted poten-

tials and zero speed added mars and damping coefficients.

The spline interpolation routines in SMP do not alloy extrepolation outside

the range of the independent variable, i.e., the rmnge of encounter frequencies

"f fru, 0.05 to 10.0 radians per second. However, it was found that at high speed in

l6
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IL
- quartering/following waves that wE values near zero radians per second were comn-

puted using Equation (65) and that the 2-D potentials and added mass saad damping

coefficients were being extrapolated to these near zero encounter frequencies. The

extrapolation was done because other source coding was used for interpolation

"instead of the spline interpolation routines. This reuulted in very large

unrealistic values for the wave excitations on the right hand side in the equations

of motion for these near zero encounter frequencies.

The wE values computed using Equation (65) in SMPCI are set to 0.05 if they

are less than 0.05 radians per second. In addition, a separate range of 100

encounter frequencies used in SMP to interpolate encounter spectra was modified so

that the lowest encounter frequency would be 0.05. The modified set of encounter

"* " frequencies is now 0.05 (0.01) 0.58, o.6o (0.02) 1, 1.1 (0.1) 2, 2.2 (0.2) 4, 4.4

(0.4) 6. The variable frequency increment is shown in the parenthesis.

F
SMP PROGRAM CHANGES

* '-INPUT

The inp.A -or SMP consists of hull form data, loading data, appendage data,

point location data, and environment data. This input is broken down into 15 Data

Card Sets which are described in Appendix C of Reference 1. The modifications to

SMP to incorporate vertical loads required changes to Data Card Set 2 (Program

Options) and Data Card Set 6 (Underwater Hull Geometry). Modifications for active

artiroll fins requiJred changes to Data Card Set 11 (Fin). The changes to these

three data card sets are described below:

Data Card Set 2, Program Options

A new printing option (LRAOPRQ integer, column 25) is provided to print out

-" the vertical shear force and vertical bending moment response amplitude operators

r (RAO) and phase angles. A new load RAO file (rAPElO) is generated only when the

LRAOPH option is selected. The values of LRAOPR are

0 or blank - No load RAO printout.

1 - Print out the load RAO's and generate a load RAO file when OPTN=2

through 6. OPTN is the major program option specified in column 5

of this data card set. A loaO coefficient file (TAPE4) must be

attached when OPTN=4 through 6. An origin file (TAPEl1) must also

be attached when OPTN=6.

"17
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In addition, the load variable NLOADS, must be selected in Data Card Set 6 to

obtain the load RAO printout.

SData Card Set 6, Underwater Hull Geometry

A new option (NLOADS, integer, columns 9-10) is provided on the first card of

this data card set. NLOADS specifies the numb--r of stitons (maximum of 10) wbere

vertical loads are to De computed. No vertical loads are computed when ULOADS is

specified as either 0 or blank. If the load option is selected (ULOADS > 0), two

additional sets of information must be provided at the end of this data card set

after the stations and tull offsets or Lewis forms have been Input.

First, the station weight (SWGHT, real array, 8F10.4) is input for each of the

stations specified previously in this data card set. The weight units are metric

tons (mass unit) if PUNITSu"METER" or long tons (weight unit) if KMITS-"FEET".

The variable PUNITS is specified in Data Card Set 3. The weight curve for the

DDG-51 is shown in Figuii 9.

Second, U,e stations (XLDSTN, real array, BFlO.1) where loads are to be calcu-

S latcd arc input. The v•ri~ble N7.OADS determInes the rnmber of load statiors that

are specified. A load station mast correspond exactly to cne of the station nun-

bers specified earlier in this data card set.

Data Card Set 11, Fin

Two nev variables associated with active fins are provided on the first card

"of this data card set. The first variable (IACTFN, integer, column 10) specifies

whether the fins are active (IACTFN=I) or passive (IACTFN=0 ). The second variable

(IFCLCS. integer, column i5) allows the user (IFCLCS-l) to input an effective lift

curve slope for each speed and fin.

Four new cards, denoted as cards 1.1. 1.2, 1.3, and 1.4, must be input after

the first card when active fins are selected. These cards are skipped when

IACTFN-O.

Card 1.1 - F•0RMAT (SFlO.4)

(1) FGAIN (array), real, columns 1.10, 11-20, . .. , I(NVK-l)'lO+I1 - INK'01 0,
speed-dependent fin gain factors, Gv. NVK Is the number of ship

speeds.

18



"Card 1.2 - FORMAT (3F10.4)

(1) FK (array), real, colurms 1-10, U-20, 21-30, fin controller coefficients

where FK(l) is proportional to roll angle, kK(2) is proportional to roll

velocity, and FK(3) is proportional to roll acceleration.

Card 1.3 - FORMAT (3F10.4)
*1

(1) FA (array) real, columns 1-10, 11-20, 21-30, fin servo coefficients

Card i1h - FORMAT (3F10.4)

(1) FB (array), real, columns 1-10, 11-20, and 21-30, fin controller
compensation coefficients.

Nominal values for FK, FA, and FB, taken from Reference 2. are shown in

Table 2. FGAIN is either known for existing ships or determined by making itera-

tive runs of SMP following the procedure described in the active fin section of

this reqport.

& The next card, denoted as 1.5, is required for each fin set if the user wants

to input (IFCLCS=1) and effective lift curve slope. Card 1.5 follows Card 1.4 when

1ACTFN=l or Card 1 when IACTFN=O. Card 1.5 is skipped when IiCLCS=O.

Card 1.5 - FOPRAT (8FlO.4)

* (1) FCLCS, array, real, columns 1-10, 11-20, .[.., (NVI-l)d0O+lI - [NVKflO],

* speed-dependent effective fin lift curve slope, L.., for a particular

fin set. The user is referred to Reference 2 as well as the section

• .; on active f ins for methods than can be used to determine L, 8 .

Note that Card 1.5 is input consecutively for each fin set prior to inputting CardU
2, which provides the geometric description of the fins.

. * OUTPUT

The basic format of the SMP output remains unchanged in SMP84. However, the

following sections were modified to provide output for active antiroll fins and/or

vertical loads:

.1 1. Input Card Description for fins and loads.

"" 2. Response Amplitude Operators for loads.

3. Response Statistical Value (RSV)/Enccuntered Modal period (TOE) tables

- for fins and loads.

Two examples are provided to illustrate these output modifications. The first

example is for active antiroll fins on a 210-foot United States Coast Guard Cutter.

The SMP input deck for this ship is shown in Table 3. Table 1 shows the change

-: 19
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in the input card description for Data Card Set 11 to print out the values of the

S variables IACTFN, IFCLCS, FnAIN, FK, FA, FB, and FNCLCS. An eltective lift curve

slope is provided in the speed-dependent input variable FECLCS to allow for the

effect of hu;l boundary layer as vell as the fin performance degradation due to the

presence of a bilge keel aft of the fin. The procedure used to compute the effec-

tive lift curve slope, taken from Reference 2, is

(Lcs)E - lebl(l - ebk)]Lcs (66)

where Lcs is the free stream fin lift curve slope defined in Equation (50). The

hull boundary layer correction, ebl, is defined an

ebl I - 0.50(6/s)/Lcs (67)

where s is the fin span. The boundery layer thickness, 6, in defined as

6= 0.377 XFP(Se)'2 (68)

where xFp is the distance between the ship forward perpendicular and the longitud!-
nal location of the center of pressure of the fin, (xcp)fln. The Renolds mumber,

cp €." heen iso ue

Re =xFPV/v (69)

where V is the ship speed and v is the kinematic viscosity.

The bilge keel/fin degradation correction, ebk, is defined as

ebk 0 0.22 (ae~bk 11 + 11 +~ (a/dfb)2]/21 (Abk/52) (C

F:: where Abk is the area of the bilge keel and db is the distance be'veen lxcp)fin n

the midlength location of the bilge keel, (xcp)bk. The aspect ratio of the bilge

.. keel, (ae)bk, is defined as

2()bk "a 2bk/F'bk (71)

where sbk and Cbk are the bilge keel span and mean chord respectively.i40
S



The kinematic viscosity, v, is provided as part of the SMP input in Data Card

Set 2. The values for Abk, Sbk, Cbk, s, Les, (Xcp)fin and (Xcp)bk are printed out

I P in the Roll Damping Tables which can be obtained by specifying RLDMPR=I in Data

Card Set 2. The reference for (xcp)fin and (xcp)bk is the longitudinal center of

" ,gravity of the ship, LCG. LCG itself is referenced to the forward perpendicular

and is printed out in the Hydrostatic Table.

U The values computed for ebl, %k and (Lcs)E for the USCG 270-foot cutter were

o 0.9684, 0.1352, and 2.118, respectively, at a ship speed of 15 knots. Thus the

value used for the input variable FNCLCS at 15 knots was 2.118. The uncorrected

free stream value of 2.529 was used for FNCLCS at zero knots.

I It is necessary for the user to make an initial ran of SMP for the unstabi-

- 'lized ship (fin gain of zero) using the ro.. mntion only option in Data Card Set 2

with RLDMFR=l in order to obtain the Hydrostatic Table and the Roll Damping Table.
* The values of E-TCLCS can then be computed fro: infcrzation provided in these tables

and provided in the SMP input for succeeding 3,.? runs for active fins.

."The values used for FK, FA, and FB are taken from Reference 2. The values for

•GAIN were obtained using the iteration procedure described in the section of this

report on active fins. A fin limit angle of 21 degrees was applied at a snip speedip of 15 knots, heading of 105 degrees (head seas equals 0 degrees), in short-crested
seas with significant wave beight of 3.96 meters (13 feet) an4 modal wave period of

• -9 seconds. The nondimensional roll decay coefficients are shown in Table 5, The

short-crested RSV/TOE printout for unstabilized roll angle, stabilized roll angle,
Sstabilized roll velocity, fin angle, and fin velocity are shown in Tables 6 through

10. Note that the significant single amplitude statistic (STATIS-2, Data Card Set

14h) was used in this example.

"The second example illustrates the vertical load output for the DDG-51. The

I -. SMP input deck for this ship is shown in Table 11. Table 12 shovs the change in

the input card description for Data Card Set 2 to print out the value for LRAOPR.

LRAOPR=l in this example specifies that the Response Amplitude Operators for

- Vertical Shear Force and Vertical Bending Moment are to be printed out. Table 13

shows the change in the input card description for Data Card Set 6 for loads. The

variable NLOADS on the first card of this card set specifies that the vertical

loads for one station are to be computed. At the end of this card set, the weight

curve in units of long tons is printed out as a function of station. The specific
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station, 10.5 in this example, wnere vertical loads are to be calculated is printed . -

out next after the weight ctrve.

Table 14 shows the RAO'- i.d phase angles for the Vertical Shear Force,

called V.SHEAR(V3) on the p.liut.,t, and Vertical Bending Moment, callea V.MOM.(V5),

at a ship speed of 15 knots and a 1,eading angle of 45 degrees. This is the sae

format used to print out the RAO's and phases for the six degree of freedom motions

in SMP.

Table 15 shows the RSV/ToE values for the Vertical Shear Force, called

V.SHEA! FORCE in this printout, at station 10.5 in short-crested seas for a signi-

ficant wave height of 10 feet. The force physical units are in long tons/100.

Table 16 shows the ICV/TOE values for the Vertical Bending Mcment, called V.BEND.

MOMENT, for the same sea condition. The moment physical units are in foot-long

tons/10000. The format for these load RSV/ToE values is identical to that used for

the other ship responses printed out by SMP.

A new output section which provides tables for severe motions is discussed in

the next section of this report.

SEVERE MOTION TABLES

For design purposes it is important to know the worst (amuainm) values of the

most important ship responses; heave, pitch, sway, roll, yaw, *nd the vertical and

lateral accelerations for up to four locations on the ship specified by the user.

The new severe motion tables provide this information in botL long-crested and

short-crested seas for up to four seaways. Each seaway is defined by a significant

wave height input by the user and a most probable wave period determined in SMP.

Table 17 shows the most probable periods used in SMP for various ranges of signi-

ficant wave height given in meters.

Each severe motion table is organized into two ?arts. The first part provides

the maximum Response Statistical Value (RSV) and associated Encountered Modal

period (TOE) for cach of the responses listed above. The ship Apeed and beeading

where these maximum responses occur are also given in this first pWrt. The maximum

RSV/TOE values are obtained from the standard response statistical tables that are

output by SMP. It should be noted that the statistic used for these tables (RMS,

SIGNIFICANT SINGLE AMPLITUDE, etc.) ia input ty the user.

Another set of information that is useful to know is what the associated

responses are at the conditions (speed and -heading) where the maximum responses
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occur. This information is provided in matrix form in the second part of each

severe motion table. Each row of the matrix is associated with' one of the maxiuim

responses 'hich is listed at the beginning of the row. The speed and heading where

the maximum response occurs is listed next in the row. The ISV-ToE values for all

* of the responses at this speed and heading are listed next in the row.

At example of the new severe otion table is provided in Table 18 for a

270-foot United States Coast Guard Cutter.

FILES

"Three new files have been added to the SMP and okie existing file has been

modified. The new new files are: (1) Load Coefficient file (LCOFIL,TAPE4); (2)

. Load Response Amplitude Operator file (LRAFIL,TAPEI0); and (3) Severe Motion file

(SEVFIL,TAPEI4). The existing file that was changed is the RMS/ToE file

(RMSFIL,TAPE13). A descripton of each file as to its contents and where it is

generated and/or accessed in SMP is presented next. It should be noted that files

• "in SMP are identified by both name and number. The user can catalog and/or attach

files only by using the tape numbers.

(1) Load Coefficient file - LCOFIL (TAPE4)

This file is generated in subroutine COFOUT when the p.ogram option

(OPTN in Data Card Set 2) is either 2 or 3 and the load option

"(NLOAD in Data Card Set 6) is made greater than zero. This file

must be attached wnen tie user selects OPTN greater than 3 and

. NLOAD is greater than zero.

The file contains the sectional heave exiting force, added-mass,

and damping for each station on the ship. This file is read in

subroutine RAOPHS for the rms/toe calculations and in subroutine

LRAOUT to print out the load response amflitude operators.

"(2) Load Response Amplitude Operator file - LRAFIL (TAPE10)

This file is generated in subroutine LRAOUT and contains the response

amplitude operators for the vertical. shear force and vertical bending

moment for load stations selected by the user. This file can be

cataloged by the user for the purpose of transferring this information

to some other computer program.

(3) Severe Motion file - SEVFIL (TAPEl4)

This is a random access file generated in subroutine RMSOUT that
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contains the Response Statistical Values/Encountered Modal Periods

(RSV/TOE) for heave, pitch, away, roll, yaw, and the vertical and

lateral accelerations for up to four point locations specified by the

user. This file is read in subroutine SEVMOT, which prints out the

Severe Motion Tables.

(4) R4S/ToE file - I4SFIL (TAPE13)

This file contains the root mean square (RMS) values and the encountred

modal periods for all motions defined by the user in the input to

SMP. This file already exists in SHP but was modified to add new

responses for fins, fin angle and fin velocity, as well as the vertical

shear force and vertical bending moment for up to 10 stations specified

by the user.

SOURCE CODE MODIFICATIONS

The Standard Ship Motion Program, SMP, wa written in FORTRAX IV for the

CONTROL DATA CORPORATION, CDC, computers at DTNSRDC. The listing of the SHP source

code ws provided in Appendix I of Reference 1. Each line in this listing contains

80 columns. The FORTRAN source code is contained in the first T2 colunms. In

addition, a subroutine name and sequence number are provided in columns 73 through

8o.

A batch editor called UPDATE8 was used to assemble the FORI'RA source code,

subroutine names, and sequence numbers. The same editor wa used to generate the

changes to &4P described in this report. A listing of these changes is provided in

Appendix A.

The changes includec bkoth UPDATE Wditig com-ad as wa mow
code. The editing commands are identified by an asterisk in column 1. The editing

commands reference specific linee in the M¶P listing by the subroutine names and

sequence numbers associated with these lines. A description of these update

editing comrands follows:

*ID SMF84 - The nate SMP8 4 is given to the set of

modifications

*I "NAME".N - The FORTRAN instructions which follow this command4

are inserted in subroutine "NAME" after line I1

*D "NAME".N( ,M) - Line N (optionally lines N through 1) in

subroutine "NAME" are to be deleted. Any
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FORTRAN instruztions which follow this

command are inserted after the deletion

OAF - New FORTRAN subroutineE ,nich follow this command

are appended to the end of the G4P source code

*DECK "NAME" - Name to be assigned to the Fortran instructions

which follow this card

A listing of the segmentation cards required to load SMP84 is provided in

Table 19.

DISK PACK STORAGE OF SMP UPDATES

Permanent storage of SMF and its UPDATES is maintained at DTNSRDC on the CDC

CYBER 176 computer. Access to SMP and related files can be obtained by ettaching a

disk pack awd copying the desired file to the main disk memory. The foltowing is

an example of the CDC control cards required to retrieve SMP84 from the disk ptck:

CHZM,CM55J00 T5 ,P3.
CHARGE ,CHZM,XXXXOOOOO.

PAUSE. JOB 01%=-M DISK 1-."b. -1 90.
MOUNT ,VSN--Dv4901,SN=TAPK06.

ATTACH ,A,SMP84ABSOLUTE,ID-CHZM,SN=TAPK06.

REQUEST ,SMP84 ,*PF.

COPYE,A,SMP84.

CATALOG ,SMP84 ,SMP84ABSCLUTE, ID=CHZMMR-1.

EOF

Examples of CDC control cards required to run various options of SMP can be

found in Appendix E of Reference 1. The core reqiirement to in SM.-84 is now

150000 octal. This represents & change from 100000 octal required to run SMP81..

The CDC-6700 computer at DTNSRDC has been replaced by a CDC CYBER-176 computer

which is 10 times faster than the CDC-6700. Thus the SMP run times specified in

Appendix E of Reference 1 should be reduced by a factor of 10.

The following files associated with the SMP UPDATES are stored on the disk

pack and are available to the user:

1. SMP84ABSOLUTE - The absolute version of, SMP84 used for production runr.'ng.

2. SMP84 CHANGES - rThe file containing the 1984 UPDATE modifications to

SM P81.



3. SMP84UPDATE - The UPDATE file containing the orIgInnl SMP81 source

code as IIll an the 1984 UFDATES.

4. SMP64COMPILE -The source file for SMP8,..

5. SMP84OJEMCr - The object file for SMP84.

6. SMP64SEGCARDS - Ithe segment,,tion loader cards for SMHP0.

7. SMP8ILIBRARY - The 3ibrary of object subroutines for SMP.84.

These seven files are stored on Disk I-ack TAPK06 and user IDaCHZM. The set-
name (SN) for this disk pack is TAPK06 and the Volume Serial Number (VSN) is

DVh401. All seven files can be copied to the =in disk memory using the COPYE

utility.

For further information regarding CDC contrul cards, disk packs, and copy

utilities, the user is referred to the DTNSBDC CompuTer Center CDC Reference

Manual 7 .
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TABLE 1 - SHIP PARTICULARS

USCG U8&CO
210-ft. DE-1006 270 ft DDG-51

WMEC wWMc

Length (Lpp), meters 61.0 93.9 "7.17 142.0

Beam, (B), meters 10.1 11.0 11.6 18.0

Draft (T), meters 3.3 3.T 4.2 6.3

Displacement (A) S.W., 1025.2 1954.2 1818.7 8560.2
metric tons

Mecacentric Height (GM), %B 6.1 6.3 8.2 8.1

Center of Gravity (lIM), %B 45.5 43.5 44.5 41.3

LCGO, %Lpp 51.6 51.T 51.3 50.1

Natural Roll Period, (T#), 10-T 9.3 10.4 13.4
seconds

Pitch ,iyradius (Ke), $Lpp 25.0 25.0 24.0 25.0

Roll Gyradius, (K#), %B 38.0 32.1 41.1 40.0

Yaw Gyradius (K*), %Lpp 25.0 25.0 25.0 25.0

Block Coefficient (CB) o.49 0.51 0.OT 0.52

Bilge Keel Length, %Lpp 32.5 29.6 2D.4 28.3

Bilge Keel Span, meters 0.59 O.AT 0.61 0.9-1

Fin Area, a,,. meters -- 2.33

*Referenced to F.P. -
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TABLE 2 NOMINAL VMJUYES OF FIN (DNTROLLER CO~EFFICIENTS K *FIN SERVO

COEFFICIENTS, aj AND FIN CO)NTROLL5ER C0O4PENSATION COEFivm!TS bj

K2 -2.5 a2 - 016 b2 a .023

K3 a 1.0 a3 o.63 b3 a O.O!ý'
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TABLE 1T DMEMITION OF M4DAL WAVE PERIODS ASt PUNCTTON OFr: '• SIGIIFICANT WAVE HEIGHT FOR THE SEVERE N1OEO TABLES

i ',':'• ::, gnitfiamt Wye Height Nod&1 Wave Period

).meters secondls

0 1.26 5

1.26 - 2.24 7

2.24 - 3.97 9

3.97 - 6.34 11

6.314 - 12.29 15

> 12.29 IT or 19*
PI

%-.4

0Selection depends an the range ot modal waye periods used in S4P:

•*." 3-1T seconds ftr ships with roll periods < 15 seconds
"7-21 seconds for ships with ro1l periods > 15 seconds
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TABLE 19 -LISTING OF S1(P84 SZtQIETATION CARDS

TRFE SMPSt-(INPUT-(READ.I4STAT.HSTOUT).mEGWAV-(HYDCAL-(HYD2D.T3OAM.
*COFOUT) .$RDASE.EQWOTN).IRGSEA.OUTPIJT-(RAOOUT.LRAOtJT.RMSGUT))
SMPSi IWCLUDE $W81O

J-, 'INPU7 INCLUDE INPUY
REAP INCLUDE READ. AINPUT.GEN0FS.6RWVSP.iMAX. SPLNAR.SPLWi2. SPzN2.PmELJK.

%* CUWC02
HSTAT INCLUDE HSTAT.SPINTG.SPLVAL.SPF!T.SPLNT2,CUMCO2.'O4aAL.VUwIT2.CtMSE
*WT.PDER.PADO.RSOLVESPINT2.SPPLW2.HOARET5.RDCOIP.PWPY.PVAL..PINT.TRIN.SPL
.NFT

HSTOtJT INCLUDE HSTOUT
RESWAV INCLUDE REGWAV
HYDCAL INCLUDE MYOCAL
14Y020 INCLUDE NYD2O.TWOOPT.G LOG.OR#FRQ.ALA$G.EXPliv5T.CPF~? .*TPILM%.COCOWP
*.,CSOLVE.A1'AN3
T30AND INCLUDE T3OAND,RPH4X2UT2DMVD.CPFIT. AJPRN. SPFIT,*SPINT-,Cr'LVAL.SPL
*VAL

COPOUT INCLUDE COFOUT. F INTSP. AM~.ROPELM. EXFOU.CPF IT. CP INTO. CPLVAL
ROBASE INCLUDE RDUASE.ROPRVN.WAVMAK..LLIFT.RDLIFT.$KLIFT..KLIrTOFNLJFT,S
KtNFIRC.RDEDDY.HLEDDY.BKEDDY.FNEDDY.5I(FRSP.EDNKSP.REVAL.CEVAL,SECTTANAKcA
* ISCSERASSERD.SERE.FTWO.F1G56.FIO7.FIG8.FXG1O.FIQ1I .CALRWI.UIL IK,
.AXCMINO.FINTSP.SBEDtOYSBLIFT,SPFIT.CPLVAL.CPFIY
EOMOTN INCLUDE EOWOTN.LIVIT.SOLV1 ,CLIP.TRNLAT.RU)EVALRVSLAT.LSCOF.REVAL.
*INERST.CSOLVE.CDCOMP.EDMKSP.SKFRSP. FINTSP-ACTFIN
XAGSEA INCLUDE IRCSýEARMSTOE.WEOEFN..RAOPS4%PRAO.AO)RE9.ATAN:O.O-AO.VLAa4C
* .RAOPNA.RELMdOT.RMSTOE.PSPSC.ALG&RNS.SC82,XMSSC.PSPLt. INTRPL.TEPEAK,
*FNRAO.LRAO.CPFIT.CPLVAL.CPINTG
OUJTPUT INCLUDE OUTPUT.RSTITL
RADOUT INCLUDE RAQOUtT.* LITA .ORGRAO TFI*IT .RAflPA. ATAN20.CPFZT.CPLVAL .SpF
* !T,SPLVAL.ALGRNG
LRAAUT INCLUD0E LRAOUJT.LRAO.RAAPHA.ATAN20.CPFXT.CPLVALCPINTQ
RMSOUT YNCLUOK RHSOUJT.RLITER.FET'CHr.SPý.VAL.SPFET.OKWSLN.RLITR,.SETSIEV.

*SEV04UT
HYOCAL GLOBAL STELK14

G.LCI8AL DAT INPI. 1PHY SCO. ENVIOR. RESPh ST&TE. GC00W.APPEV5D.CH430INDEX
GL(G.3AL FINCON, LOADS
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APPENDIX A
LISTING OF UPDATES TO SWP SOUMC COD.

- .0 OAT INP.3
2 ..RAOPR.0WOM.KO.STATN(25).NS0FST(26).

'0 10.3
2 ISCAR0,ULKFIL. SCRFIL,SPLFIL. ICOFIL. LNAFIL.SEVPIL

*010.5
2 ISCARO.SLKFZL.SCRFIL.SPLFILLCOPIL.LRAF!L.SEWItL

*D INDEX.a,.4
COMMON /INDWEX/ PFI0X.LPFIDX.RM$IDX.LRUIOX.5VIDX.LSV1IX
INTEGER LPFIDX.LRMIOX.LSVIDX
REAL PFIDX(235),RMIOX(183).SVIDX(3)

*0 RESPN.2,3
COMMON /RfSPN/ PRESP.IPOINT(1U2).IMOTN(t82),ITVPE(tU12).

2 ILIN(182).ISYN(182)
*0 RDGE0.3

2 BKT(25).RCS(25),SSTR(2S)
00staIg 1.2

2 TAPE3.TAPE4,TAPEIO.TAPEii.TAPEI2.TAPE1S.TAMti4.TAM~iU)
*I PRELIM.i9

LCOFIL - 4
* ~LRAFIL. - 10

ot PRELIM.22
SEVFIL a 14

*1 READ.11
*CA LOAD~S

READ (ICARO. 1021) OPTN.VLACP4.RAOPN.RL0MPN.LEA0P*
wU3T ý TPR!IN t!2nl 0pr",VLACOR 2 c PUDLIP :LOAGMM

10215 FORMAT (1615)
.10 READ.47

2 4X.I1HLACPR.5XlkRAOPR.4X,61LD0R.4X.6HLRAOPO/S11O)
61 REAO.63
C SPEED DEFINITION

* IF (PIJNITS(l) .NE. METER) %4IMETR %rVo(MER/FTMETM
* M0ETRVIC - I./VKMETR

CON - VKNETR/SIRT(QAAV.LPP)
IF (VxrNC .EQ. 0.) VKINC S .

'I V :
I V I V I

* . VK(IV) *(1V-1).VYC1NC
* VF%(IV) *VKMETR*VK(IV)

FRNUMl(IV) a CONaVK(IY)
IF (VK(xV) .LT. VKDES .AMC. IV .LT. 6) GO TO 5

* .NVK -IV

*0 READ.67
1080 FORM4AT (OF'o.4)

*0 RF.AD.73.74
READ (ICOQD.102O) NSTATN.NLOADS
VRITE (IPý.IN.iIOO) NSTATNNLOAOS

*0 READ,77.78
- 2 7HOFFSETS//t9H NO. OF STATIONS *.I3,4X.6144L0AO5 -.t21/

2 3X, 7HSTAT ION,.5X, PMLEWF. .6X,4HBEA0, X. 5HDRAFT. 4X. 4SECARE.
2 SX. 511OLWL/)

* S*1 READ. 136
* ~If (NLOADS .EQ. 0) 00 TO IS

*C READ WEIGHT CURVE
READ (ICARD, 1060) (SVGH4T(K).Ku1.NSTATN)
WRITE (IPRIN.1333)

1333 FORMAT (//7X, 12HWfEIGHT CURVE//3X.7HSTATION.4X.6HV8IIGN/)



00 157 X-.M.STATN
WRITE (IPRIN,1060) STATN(k).SW4HT(K)

157 CON~TINUE
c READ LOCATIONS ( STATIONS) W*RfI LOADS ARE TO SE CALCULATEDREAD (ICAUO.ioso) (XLOSrNIC).KUI.NL0ADS)

WRITE (PI.36*1336 FOMT(/X1NODSTATIONS-/)
WRITE (IPRIN, 1060) (XLDSTN(K).Kftl.NLg

0 D5 )836 COMITIajE
00 READ.242.245

READ (ICARO. 1020) tJFNSETJACTFNIrFCLCS
VRIT!ý (IPRIN. 1230) NFNSET.IACTFN.EFCLCS

1230 FORMiAT ( ///36H DATA CA20 SET Ii - FIN PARITCULAR$//2 4 X.GHNFNSET.4A.6HACTFHý4X.6IFCLCS/
3 tiO)* "1 REAO.24o

IF (IACTFN .10. 0) GO TO 132
READ (ICARO.1000) (FQAIN(IV).IVml.W*')
WRITE (IPRIM.2010) (Vl(zV).IV*l.Nftg)*20f0 FORMAT ( /22H SHIP SPEED (KNOTS) w'sflo.3)
WRITE (IPRIN4.2020$ (FOAIN(IV).IVl.1.VK)

2020 FORMAT ( 22H. FIN GAIN FACTORS ".6f10.3)
READ (ICARD. "0a) FK
WRITE (!PRIP4.2o3o) UK* 2030 FOAMAT (//22H CONTROILLER COEFF. a.3F10.3)
READ (ICARD.108O) FA
WRITE (IPRIM,20401O FA

i~ /2H ERVOI COIEFFtCIINTS 0.3FI0.3)READ (ICARO.1OSO) Fs
WRITE (IPRIM.2050) F5

2060 FORMAT ( /2291 C014PENSATION COEFF.u.3FSO.3)* f32 If' (IFCLCS -EQ. 0) 00 TO 136
WRITE (IPRINa.2060)*2060 FORMAT (/13SX.30WORRlCTtO FIN LIFVT CUEW SLOPE)WRITE (IPRIM.2010) (VX(IV).IVw.,aig)
WRITE (IPRIk.1177)
00 134 K-i.NFNSE-
READ (ICARO.1020) (FCLCS(IV.K).lVa1,Ny.K)
WRITE (IPRIN.20bo) K,(FCLCS(IV.k).jV-.1IAw)

2070 roRMAT M7 FNSETI2.13H - FCLCS *.$FIO.3)
f34 CONTINUE
136 CON.TINUJE

*0 READ.260
FNIMAQ(g)
IF (FNRHB(K) .ME. 0.) FNIMAG(gc) w 2.

oI READ.53,44

C EA.1 1.2 - 2 FINS
-0 REAO.5$i

*C ROLL

* 0. READ.524.525
IF (.NoT.(VLACPR.GT.0OR2STATNM(I).EQ.EQVLIN)) 

00 TO 502C ROLL. VELOCITY
L wL +

'0 REAO.531
502 IF (IACTFU E10. 0) 00 To We6

C FIN & FIN VELDCITY
* Ml a I

IF (VLACPI .or. u) Mi 2
00 sm~ I?-.1w,

* L m~ L + I
IPOZNT(L) - 0

A-2



IIOTN(L) - S
ITYPE(L) - IT
ILIN(L) - .FALSE.
ISVNC(L) a .TRUE.

105 CONTINUE
0o RIESP -L

GO TO M~O
at RE60.544

v.. IF (IACTFN EQ0. 0) GO TO 125
c FIN. FIN VELOCITY. AND FIN ACCELERATION

00 522 IT-t.3
* L L4L

IPOINT(L) *Q
IMO1N(L) *9V ITYPE(L) *IT
ILKN(L) ftFALSE.

.' \.ISYV(u) a .TRUE.
S -- 522 CONTINUJE

621 CONTINUE
*~6 'I AEAD-56

IF (MLOAOS . EQ. 0) 00 TO 700
C LOADS AT SPECIFIED STATIONS

0O 620 K%ý1.NL3AOSICC 1-10 (H. SHAR)

C 3(V. MOM.)
C 1014 (M.MVAN.

DoCO 610 I1O.14
If j.NOT. GOE.1O.IE.2)0 TO 610
L.L
I "IT(L) X

ILIN(L) w TRUJE.
ISYX(L) u RE

8610 CONTIl'IJE
620 CONTINUE
700 CONT INUE

*I REAO.59O
IF (NLOADS .GT. 0) LOADS a .TRUE.

01 REAO.S91
IF (ISKIP .EO. 1) ADORES - -FALSE.

- '0 REAO.602
LRMIOX a 163

11 REAO.603K . LvIOXCALL OPENMS (SEVFtL.SVI0X.LSVIOX.0)
*I HSTAsT.22
*CA LOADS
oI I4STAT.28

REAL PIETER
* DATA 04ETER /4HkfTE/

* (2 'I HSTAT.t6V
* ~II (NLnOAS EQ0. 0) 00 TO 62

C OBTAIN LOCATIONS FOR LOAD CALCULATIONS
a- DO 65 IP-f.hLOAOS

XLS - XLOSTN(IF)
*l a NSTATN - I

00 63 Kul.Mi
IF (.NOT. (XLS.QE.STATN(K) .1-0. XLS.LT.STATN(K.1)I) W To036

SXLDSTN(IP) *0.6*(STATN(K) S1'ATN(K+1))

A-3

7.,h



GO 70 64
63 CONTINUE
64 X.*OXPT(IP* 0 'CB XLDSTN(IP)OLPP/20

LSTATN(IP) w NSTATN + 1 - K
St CONTINUE

C COMPUTE SECTION MASS
L NSTATN ti
0O 88 I(1,NSTATN

L L-1I
IF (PUNITS(1 .EQ. METER) SMASS(L) - SWW4T(K)01000
IF (PUNITS(l) .NE. METER) SP4ASS(L) - SWQHT(K)02240/GRAV

68 CONTINUE
69 CONTINUE

*1 NYOCAL.3
*CA STELEM
20 T20AMD.2

SUBROUJTINE T20AND (Kc.P912O.T2O.T3O)
*0 T2OAMO.12

COMPLEX PH1ZO(l0.10.4).CTEMP.T20(I0.tO).T3D(IO.1O)
*0 T20AMD.30

CTEMP a MO.D.)
*0 T20AMD.46 %

CT:MP a CTEMP +* T~OUR. K) *NORU(IN. M. K) *PH4I (I SIGMA. . 09)
*0 T20AMD.4g

-2ut(U(IIli)AfTW* TE
*0 T2OAMD.51

T30(ISIGM4AL) *T30(IStGMA.L) + WTLt.T20(ISIGMA.L) 4
*1 T3DAMO.9
*CA STELEM
*I T30AMO.14

COMPLEX T20(10.10)
w0 T3DAMO.39

CALL T20AND (K.PHI2G.T2D.T30)
M *(K-1)*01
00 25 L.LMZNLMAA

CALL CPFIT (SIGMA,T20(i.L).STELEM(I.I.M),NSIOMA)
25 CONdTINUE

*1 COFCUT.7
*CA GEOM
*I COFOUT.U
-CA STATE
*1 COFOUT.12
*CA STELEM-
*I COFOUT.i4

COMPLEX STV(3,3).C0UN(3.3).SF3(25) .513(25)
DIMENSION SA33(25).SB33(25)

01 COFOUT.31
IF (OMEGAE .LT. SIGNA(i)) OMEGAE a 5IGMA(t)
WE mOMEGAE
WE2 - WEsWE

*1 COFOUT.32
00 50 Kol.NSTATM
SA33(K) - 0.
S833(K) v0.
NPT - NOFSET(K)
IF (NPT .LT. 2) GO TO 50
* - (K-1)010 + I
CAL.L AND (OMS(GAE.STELEM(I.t.M4).STV.COUM)
SA33(K) - REAL(STV(2.2))/(-VE2)-
S833(k) o AIMAG(STV(2.2))/WE

50 CONTINUE

A-4-



*0 COIOUT.33
CALL AWO (OalEQAE.TELEN4,TV,TL)

s0 COPOUT.36
CALL ;!XFnR (OS(A(IW)*ONEQAE.EX(.V.EXCL.HqV.lNdL.H7.5F3.5SII2

*1 COFOIUT.37
N1  2 IF (LOADS) %RITE (LCOFIL) (SF3(I).S143(I).SA33(I).Sa2S(1).1at.

2NSTATN)

SUBROUJTINE AND (ONEQAE.TELEM.TV.TL)
00 AO.i ICOMPLEX TELEU(4.g. to)
*0 EXFOR.2

SUBROUTINE EXFOR(DOMEQA.O4EGAE .FX~d. XL.H.JV.14JL.H7. P2.14)
*I EXFOR.18

COMPLEX CEPF3(2G).Ht3(25).TF3.T#4ý
ol EXFOR.22

ARGLI 0 - WNOCOSMU
IF (ABS(ARGLI) .LE. TEST) ARGLI a0.

*0 EXFOR.33
*1 EXFOA.34

IF (.NOT. LOADS) 00 TO 210
F3(K)0(0..0. )

210 CONITINIJE
*I CXFOR.55

IF (.NOT. LOADS) GO TO 220
TF3-EKZeNOAM63.CARG
TH3-fXZoI!.T00*PH120(3)
F31K)-F3(KO+VTDL(J.K)*TF3
H3(K)-HJ(K)+#TOL(J.K)*Ti'3

220 CONTIMJE
wD EXFOR.67.69
*0 EXFOR.88,90
I1 EXFOR.94

IF (.W~IT. LOAD$) GO TO 230
C SECTIONAL FROUDE-KRILOFF 'FORCE". F3 V/0 CEXP(-IIeKo*XCDS(MU))

F3(K).24GR~AV.F3(K)
C SECTIONAL. DIFFRACTION "FORCE' H3 V/0 CEXP(-II*K*X*CUS(MU))

143(K)-2eW*l43(K)
230 CONTIMJE

*0 IXFOR.1O0. 101
*0 EXFOR.iO0

.0 XFO .1231 QMGTN. 12
*CA FINCON

COMMON /HUJLL/ A25
o1 EQMOTN.15

COMPLEX ZERO.TAF(3) .CTEMP

&I EQMTN.2O
ZERO a (0..O.)

*I EQMQTN.4l
WE- OUEGAEIIW)

WE2 a WfeWt
A22 a REAL(TL(t.1))/(-Vl2)
*22 - A1MAG(TL(t.1)/WE
A26V v flEAL(TL(l.3))I(-WE2)

46,£26 v A26v- (v/WE*).822
*0 EQVITH.63.72

CALL NOEVAL (VOMEA( IW), ,O4GAF( IV). .NmAN.TLC. EXCI.G.YLOC. EXCLG.
2 T44T)



IF (ZACYPH -EQ. 0) 00 TO 34
C ADD ACTIVE FIN COEFFICIENTS

OUE- OWEGAE(IW)
O00GE2 - ONGE*DUGE
CALL ACYFIN (IV.ZERO.V.OMGE.OMGE2,TAF)
00 32 ti.3,
TLOC(I.2) I TLOC(I,2) + FGAIN(IV).TAF(t)

32 CONTINUE
34 CTIMP a TLOC(2.2)

C £00 VISCCRJSA'ILGEKEEL EDDY DAMPING
DO 40 ZA-1,NRANG
TLQC(2.2) a CTEWP + Ii.t44T(IA)
CALL SOLVE (3.TLOC.EXCLOC.MOTLQ.UL.IP.IPRIN)

m0 FNLIFT.22
O a FNIMAG(K)

*I FN.IFT.23
CR - XRTF -XRTA
CT - XTPF - XTPA
XugC - XOYF - 0.25*CR
XTOC -XTPF - 0.25*CT
OX *XIRQC - ATOC
H*SORT(DX90X 4 SPANoSPAN)

COSLAN *SPAN/H
SECLAM a 1./COSLAM

C LAIN " ACOS(SPAN/14) 0 Q9JAREIE CORDO &SWEP ANQI 1IN 44AOAMS
*0 FNLIFT.40

LCS - I.G.PI.E£E/(COSLAN.SOA1:(EAa.SaCLAu)*.a 4) 1.0)
*I ROLIFT.24

CR a XRTF X RTA
CT " XTPF -XTPA

XROC m XRTV - 0.2S.CR
XTOC a XTPF - 0.25*CT
OX -XROC - XTQC
H *SONT(OX*OX * SPAN*$PAN)
COSLAN - SPAN/H
SECLA61 - ./COSLAM

C LAM - ACOS(SPAN/14) - QUARTER CHOW SWEEP AWKUE In MAOI&MZ
*D ROLIFT.41

LCS - t.6SPleEAO/(t'OSLAUSQET((EAU.SICLAN)..2 .4) *1.0)
*I HLLIFT 2
-CA 0ATIW

MCIEORD , LPP
*0 HLLIFT.17

D0 5 Lwt.NSTATN
IF (L EQ- 1) OX a (X(2) X(M)/2
IF (L EQ0. NSTATM) OX - (X(NSTATM) - X(NOSTATM-1))/2
IF (L-OT.1 -AND. L.LT.N5"ATN) OX *(X(L+I) R (L-1))/2
OX ABSIDX)

MP? NOFSET(L)
IF (NPT -LT. 2) GO TO 5
T 0 ABS(Z(I.L))
A * T*0X
SP 0 SP * A
SS I SS + X(L)A

5 CONTINUE
XCP a ss/sP

*D HLLIFT.13
ZCp - 0.

41 LSCOF.6

A- 6



COMOM /HULL/ A26
"*ILCOP..

COMLEX VIW.ZERO.CTENP
*I LSCOF.tO

LOQt CAL MULL
*I LSCOP.12

ZERO 1..

V2W2 *(V/OSGEG*E)@'2
*I LSCOF.23

HULL *FALSE.
If (MCORDD EQ. LOP) MULL * TRUt.
IF (.NOT. HULL) 00 TO $2

C HUILL
0F2 a ZERO
OFt a ZERO
OF$ a ZERO
sP o 0
00 42 L.1.NSTATN
IF (I. EQ. 1) 01 * (X(2) - M(OM/
IF (1 .EQ. NSTATN) OX - (X(NSTATN) -X(N5?AY#-1))/2

IF (L.GT.1 .AND. L.LT.NSTATN) OX * (X(L.1) -A(L-t)/2

NP? NOPSET(L)
IF (PT .LT. 2) 00 10 42
T a AIS(Z(1.L))
Z2 o*~./
A - TeDA
SP a SP + A
F2 a FZ.OitGA.(SINGAM.SINISJ - li*COS&AM).

2CEXP( Cil((2- !X0CS ?
CTEW - F2wSiNGAS.iA
072 - 072 # CTENP
OF* - O014 1(L).CTIN * vzwocnm

42 CONTINUIE
072 * OF2/SF
Ore * 076/SF

CS- NVULA/(LPF.UkAM.OOAPT)
CK v AR(AWK/(GlAS.Q6tAfT)
CP o to/CA

12 Cfl Imm
el LSCOF fl

42 CWNTlEkw
'0 LICOP.OO

IF I NOT. OALL) 06" a XCPOXCFCS22 * V2W32*)822
IF o14K0 0a" - (CF-Lfl/2)-*2 D0622 # V*A20 # v1wieOS22

It I NOT M@Jt) EVCLCCE * ENCLOISJ 4- WOS * VifOUF2
IN (Mat#L) EiCLCt(li * *XCLG(3 * 006

2 1441)

CUCtIA ILO(Ji.3). '*CLO(E?.?LGC(3.2).E*CLOC(3)
0IUKWhI1 T4dT(IaS.Jg

W0 vAL.9m
TEWP * PLCS(K)
IF IIUCLCS .90. 1) YEP a UCLCS(IV.M)
CALL. LICOF (inl6A.0EOA&. 2.FSP*N(N().Ffip*(M). FARIA(K)TWP,

00 WEVAL.9t
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2 cA.Lt Ltt0P (Qr.WM2FA()FMWK#AE~)T

00 161TRP.1Z

ocom KI9 - mWa)

SLOPE *0-

I f (CDC: GT. Q-~) %LM~ * (VUWJ),Ulg)) -/NIMm

@ENM MCIVS) - CKKL)

SLO0.

I F (KII .GT. 0.) SLfr8 (Y11(W)

*1 IDEVAL,96

00 100 lAni.NRANG

*0 .2OEVAL.102
*0 RlOEVAL.122
*I UDEVAL-124

T44SE - 0,
-3 ROEVAL.127

*1 ROEVAL.1213

T44T(IA) - T445FV + T44EMV *T4461E

400 C0IITINJE
*0 ROSTOC.25

CIOINSION J(I0(It)
oC0 9WSfOE.28

1110 - 911
*1 RMeSTOE.49

REWIND LCOFIL
*I RAOPNS.10

ompmrW

OINENSION SA33(25,3O).5133(2-3.30)
al RAaPI4S.S4

IF (IP.EO,0 .AND. IN.E0.9) CAA.L FNI4A0 vulmrfLt.I.
2 RAO'( I.IA).P"St( lIA).tdMOT.NOWEQA.OMIGAE.1P,)

ol RAOPNIS.62

IF (.NOgT. (IP.GT.0 .AND. (IM.GE.10.AlN.IM.L.14))) 00 TO 100
00 40 JWPI.NONEGO
READ (LZ:OFXL) (SF3( .IW).!I'3(1.IW).SA3311.tWJ.5&33(I.IW).

40 CONTINUE
CALL LRAO (I.Mi.Mt12.MOTV.SF3.S43.SA33.S633.VPS(IV),COSIS.

2 OMEGAh. OEGAE. !P. DAD0I. PHS.I.NT. NOMEGA. IPHS)

*2RSTITL.4
*CA4 LOADS

DIMENSION LOAD(2.5).LTvPE(3,;).LUN:T(2.3)
REAL L0AO.LTYPE.LtWIT

-1 RITI'L.25
OAT.. LCUhO /4H H.S.444EAR,4I4 V.S.41-4EAR.4H T.4HDRS, ,41 V.S.

2 -'0-!ENC. .41 H.B.i6HFND./
C. bA LTYPE /48lFORC.4HE 4dH .4IHUMOW.dI4T .4H4
VArA LLUNIT /3H (T.4MON$).4H .414 (M-.484T0113.41) .4H4 jFT.

2 4H-TON.d4HS)/
*0 RST:TL.1J71

50 I' 0J& -NE. 9) GO TO 80
C ANTI-POLL fINS

ICTITLO). - .AH
RTITL(2) - 4H FIN
IF (IT .EQ. 1) JT - 4
IF (IT .CT. !) JY o IT
no 60 101.3

60 *1yP[(jý -' TYPE(!..JT)
.51 o IT 4 3
00 70 1-1.3

70 oftIIT(I) - uN:T(I.~JT)
IF (17 .EQ. 1) FMCIT -3H1lIN

IF (IT .EQ. 2) FM3T 6W #INVEL
CF (IT .EQ. 3) FMOV W* *INACC
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ENCODE (110,3000,PAC&S) FIrWT.FMQT
60 IF (.NOT. tIPOT.0.AIC.(IM.GE.I0.ANO.1IN.LE. 14)) 00 TED 100

C LOA"b

RtTITL(I) rLOAD)(I."J)
RTITL&G') LOAO(2.%UN)

IU UNM t;T tl} LT a 2

aTPW LTYPC{K.LT)
ALWCTU) - LNTIT

82 CONY 1Mgý
If- (JM CQ~. 8. ENCOt'E (II0.aooa¶SAQS) PT(1P).MDVSIN(IP)
1IF OM .E0. 2) IEtCOE (Iý0,3333.PAmS) YT(IP).XlU$'flQ(1C'
if 0wa cl~. 3) EIC00E (i0o.3%~lZPAAS) lý't(IP).xLO5TN(9P')
IF '%M .EO. 4) ENCODE (I1e.3034.PAUS) a'r'ZP.zf)LOSltUIP)
If (WM EO. 5) ENCODE (II0.'V303.YAI&S) PI(IP).ALDSYM(1

0
)

3031 FOfl~r.T(6444SNEAR.A3,1IX.2W44O~i?1Z. S#ICAtx FRoCE AT STALT tN. fG. 2.5SU)
30.12 FORMAT (e.VSHVRM. A3.I IX. 29HVERT. SHEAfl FORCE XT SAOJt..UZ
31W3 FORMAT(41ITMOA. *AflX.2W4T0R¶3ION&!L KPIEKI Al SfATI42N.i.2.55*)
3034 FO%MAT(4I4VNO. A3.13X.2UNVEAT. SEND. M361. AT STATICW.Ie.2.0MI
3035 FORMAT(4HHUON. A3.13A.2*OCRIZ. SEND. NOM. Al STATION.P8.3.IMM)
'00 CONTINUE

*I OUTPUT.3
*CA LOAL'S
*I OUTPIP.4

IF (NLOAOS.GT.O .AND. LSAOPR.GT.O) CALL LflOUr
*1 RMSOUT.I
@CA LOADS
*CA SEVERE

DIMIENSION XIO(UIIJY1OlI02.UJ.MTtmos
DIMENSION INODL(4).LSVRSP(I3).ftSPMI(3.I3)

sD OUSOUT. It'
EOIJIVALENCE (IPOINT.YIOL.(X1D.inESP)

aI RMSMJf.20
DATA LSVRSPI352 .essuSua1I
DATA RSPICE /*4EfAV. INlEOPITC. IiO.4$4 SWdA. INV.N NOtli.I.

2 4Hi YA. Uff.4NPIVA. INC,ANPILA. INC.4IPVA. INC.flLA. INC.
2 414P3VA. IMC. 4,-3LA. INC, -0*4VA. IMC.AflP4LA. IWO,

*I RMSSOU1.532
NSVCSP - 13

aD RM*SOUT.36

a! RMSOUJT.37
L *LENOTH(fMSI'IL

N (L-t)/S
4 a - itS MtaAat PffiCF1L WAS GIMUWATID 3? £1931

C N 182 M6EAN4S ENSFIL WAS QIEKRATtOD6 SW 594

(JO 750) JvI.5
Do 730 1-1."

VIot 1..J) a X10(K)
7'%0 COMTIMJE

N US a Esp
00 770 ISat.N110V4

C :IlL) MO0ST PECUASLE PERIOD
5y" - SIOWH(1S)
If (PUN~ITS(I .ME. METIER) 1*4 SW4.fTK1Tf-
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SC WYWFCN AVE HEIGHT RAMOSl SELCi LIE IN MTEIS
c SEA STATE I

IF(SIE.T.. Aff..05 S)SPR LE.tf)fu
*C SEAISTATEd2

IF (S04.GT.1.73 AMD. SWlM.L.2.4) PEt * 7.0
C 51* STATE 3

IF(SIN.0;.1.2 .AND. SWM.LE.2.I7J flU a 3.0

C SEA STATE 4
IF ES4.GT.6.24 .AND. SMIL. 12.2-2) flU a 11.0

c SEA STATE 5
pp U(3340?. 2.2 .4W). $144.LE.'U.7) PER a 9.0

C SEATIS TVA SE9 TT
IF SW.534.6?.* 1AN71 PER aI0.04 IR 1.

wF (PER .LT.4 .&M.JAL LF.1)J0 PER t9T-0(I

IF ('EU T.0?.2 TALM.TWC)).8? Ml a TSALMTO

ýF (ASfl-mialH) .4LT. o1o.o7g PERtls * 1.0

IF (PERCT(1.E. V IAL) PE -TO1W ~ l

iF (111MS .0T. T:2)OCL) ER-TW"(r=

020 ClUE? INUE

C IStmS -CAL ALLU (SEVIL.SI-IOU.PUTSEVR)10 4TBE

*IFCX(I)KS a9.1 0T 2

IF (2505Wp .60. 03)10svs Is
CAF SITSI .96. SVISP~t.UII00 O I

00 71090RI
- 'C:., . t NCorw iw 0.

IS CnsT Itwe

If (Ill ."0. IsoP pw G O TO is

to CONTINUME

29CONTIP2AE

IV (W3JO?.00400TO3
WCALL *TND .202*10L(SITO)**3IN

SIF R(PUIT) .10. TE)I I*SWeF(T

.0 SSSUT. 100. 101
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O0 UUS'OUT. 14S.Ii2
00 120 IV-I.NYK
00 ISO 1Hu1.NNEAO
TEM - MmrSL( N. ITO.IV)
If 4TMP .LT. hIUSMIN) RNSPIN - TtMP
IF (TEMP LT. OSSNAX) GO TO 110
MISMAX v TEM4P
IF (inU -Co. 0) Mi To 110
IF (ITO .WE. tMOL(IS)) 00 TU 110
IF (SYMET AND. IH.GT.101 00 TO 110

MANV : IV

ito CON[T~IJE
1^0 CONTINUE

IF W'JEQ.1. 0) Go To IG0
If (ITO .NE. IUO3DL(I5J) 00 TO M5
*SVTOFMl a *xv
RSVTOF(2) - MMU
If - 2
01 30 ZV1.I.m

00 130 INat.ME4Ch

If - If * I
*sVTOE(IE) R* TOITL(IW.ITO.lV)

r130co M
C WRITE TO SEVERE NOTION FILE

CALL WUITUS (S1vPZL.MSVTOl,Il.uS)
160 CONTINU.E

.0 SOU1r. Is?

*l SaOUT. 202
!F !.eK~ A~e O(tWOS. 20 AM, SM.LK.14)) WRITE (IMM.W7211l.

2 XLOSTN iP)
1073 FOISAT I/SSX.7HSTATION.FS.1)

*I UNSOUT.206
IF (tP.GT.0 .AM. (11A.GE-140 .5.IU.LE.I1) WRITE (IP01IW. lOSS)

lCA3m FORSIAT 4/17X.1M4(FORCE / l00 )
If IIP.GT.O .&hNO. (110.41.13 AND, II.LI.141) WRITE (IF0IM.1l6S)

loss FOWIAT (/54fl.l4(OM(ENT / 10000))
ol RSAMCT.232

if (IP.OT.O AmQ. (Imu6alo a.Me IM.L9.11) Tlm(11H
2 TEMSS( 11)1100

IF (IP.OTO .ND. (IWOGE.1 A.h~ MEd)TuIW
2 ?EUMS1 tl4)/ 10000

-1 MISOVY.260
If IIP.GT.0 .ASOD. (IM.GE.10 .&M. IM.LE II) 1`41111411)

2 TIEfuU(IN)/100
IF (IP.GT.0 .AN. dll.ýq.l2 .AND. I.E1) ~W(

*1 NISOUT.248
IF fieO to. 0) Go T0 310
CALL ST104OX (SWI~L.RS5UQK.MWSI9ED)
CALI, wGITS IS1VFIL.SWINI.ftSWINQ.dS)

20C1UNTIMif
.1 NUf43.J.272

IF (ISMPSV EQ0. 1) GO To dit0
CALL STINDX ISEVFIi.SVIDA.LSVIDE)
CALL WOITUPS (SlVFIL.ESINO1.NMESl.IC)

410 CUM IMJk
e1 inVI0UT.47 3
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ft
GOO If (IIMPSV EQ. 0) CALL SEVEOT (I%5Sv15P.LSvusu.RSPWM..cug.zm0t)

'0 CALBSM.fles

% C FIND) WINI~m SLOPE FOR DIACOISE CALCUJLATION IN "SILGEKO
812a J S - I

S89 (Z(U3,K) -2LS.,w)) /(Y(IWK) -V(LS 0K))

00130 I*2.N42olo o c

SLOPE -(Z(~J.Sd) - Z(J51.K)) / (VjdSx) -

IF (SLOPc .90.0. 0T10

LS- tIS
SitS 6 SLOPE

130 CONT IHUJE
C EXTRAPOLATE SLOPE TO CENTERLINE TO GET LOCAL DRAFT

LC (EXCLUDING SKEEG OFFSETS)
140 SET(E - Z(LS$sc) -SRI.Y(LS.K)

IF (BkT(K) .LT. 1(I.10) UICT(K) *(.9

TLOCAL a MS(GKT(K))
e0 SECT. IS

DIW8ESIOU AA(2.4).AR*( 5)
'1 SECT.ag

RI) - RtVE

If 15 TO 20

RUIN - UR10

00 is 21-.N

00 I9A.WI)S O I..5

00 1TO -121
00 VEOEFN. It

110 WEVN(K) * UE.0(54) * 1.Wa

2 LSTATN(21)

*COIEOC F INCMN
COMN /FlMCOg/ IACTFN. IFCLCS.VGAIN(6).Pc(3).vA(fl.Fa(s).

2 FCLCS(U.2j

*CVMECK STELEN
COSONM /STELEN/ STILEC9
COMMX STELEM4d.g.M)

*Io"ECN SEVERE

A-l2
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COMMON /SEVERE/ NRSIFC.ASIICX,NSWIIQ.SWINDX.ASVi01E.V,EH
REAL RSICOX(14).SWIICX(SL.RSVTOE(40')
INTEQES *V(13).bI( 13)1? 'DECK ACTFIN
SUMQOUTINI ACTFRW (IV, ZERO. V OMGE.0302. TAF)

*CA PWISCO
*CA APPEND
*CA BLOCK
*CA FINCON

COMPLEX TAF(3).FQC.CTERU.ZEEtO

I0 CONTINUE ).1.2 M

F00 30 3-1.31SE
1AP(I - TAP(s)-5!GN*TI

* TAF(2)4A * HTAF() 4WAOTR

TEP- TFIL -tSn(eCPC)l

SUSSOUTINE P949.0 (V.94 2) 1 MI MOT .2094 IO WSUA41*I

o SIN(s ION OAMEAE 4 UEGAM) FORAOINONEA ST* SI45NO )
* 00 10 1-.Nt.N

* * ROL * MTLF(2I) +SYAOOEOE

* ~ ~ 2 CONGEI*NUEO(I

SUROTIN *AO9AO (IT.(IV.).N.P945(LS AOOI. 19945)M=A.1.G1 IW
10A PSCOuT4D

'CA 01T19:

00~~A 10.3W.

POLL~~ ~ ~ .OL21)ROf

COGE- OWAE~S



OCA. HYscoP
'CA GEom

COALEX M3TV(N'SW1 .MOUEA).IW 1V.iWU.SHEAVE. HEAYEL, HCAACC. PITCH.
2 P!TVEL.PZTACC.VEU~iL,VEflCC.ZERO.IIJEUT.RE$TOR.EXCIT.CEP.

CoMEN'~SM eMP3(2.,.CJ1SA4.2S).cZXP.SAS33().Ct.40C

DATA flY2ER /*METE/

XP - XLIDXPT(IP)
KSrAYN LWrArMWP) -I
*4S) a N-!ATN - N6TATN * 1
V2wmV0Y
LON w 1001s
IF (PI%4PS(I) W*4. NEVER) CON *2240

CW3too Jt'11.MJv

TEST -05TPA1

IM (A3S(AQLR! .LE. t&Wt MklL? 0.

-90- V2 'e 4EsWE

VWE2 *V/VE2

"*41AYCL * W('&IAVE

-R~ Hf*VEL - XPSPZT#*¶L
VE*ACC *WCAACC - A*'1)ITACC

C IflKRTZA TERUA

~Eb. vC% *kSANI,+ 1

"WASbS(tKlw(,AirC: ZK5JtP1TACC)
tV (.10 .CQ. 12) STENFqK) a I4X&)-AP).STEP(ft)

*ýRT- INCRT * STEzcwif
10 CQONTI 1tI

c UIESTOWItNG TEI*M
00 20 KcKSYATNtITATN

NP WJVSlT(Ik)

ir(1I.E0. 11) STEWP(V) a STtNW(M)

ir(IN .co. 13) STCAP(f) - (i1(c)-RP).ATEWk(sc)
20 C1WTI lr&f

CALL C~qfl ((KTT)TEPNVhiEhSr
CALL CPliNIQ (XP. XW04TATN),TIjXSTATK).W5,1EM2 -.2 Nkc too)
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C EXCITING TERM
00 30 K.KSTATN.NSTATN

*STEMP(K) 573(K.I) -0 1i43(k.t)
IF (IN .EQ. 13) STEMPWn) ((XK)-XP).STEW'(K)

2 VIWE.S14(K,I))
30 C1OITME

CALL CPUFIT (X(KXrTXN),STENP(KS'TATN),ELEMS.W5S)
* r CALL CPINTC (XP.A(NSTAT'.4).X(KSTATN).NPS.ELElhAUGI.aCIT)

IF (.WIT. IM.Eo.11) GO TO 35
CALL CPFIT (X(KSTAýN).SH3(KSTATN.I).ELEMS.NPS)

- ,-'CALL CPLVAL (X(KSTATN),OPS.ELENS.XP,EXU.c0UNJt~IE
* CEP - CEXP(!I&XP.ARGLZ)
- C EXCIT u EXCIT + VIVE*CEP*EXF

35 EXCIT - AIC.EXCIT

C HYDRODYNAMIC TERM
DO 40 I(KSTATN.PCSTATN
A33 - 5A33(K.I)
S33 - 5j3T3(K.Z)

* - AE33(K) * A33 l 110633
IF (IN EQ. li) STEbW(k) -(A330 (HIAACC -X(NJ*&ITA=C) *

2 533.(HVAVE:.-j(K)'PITVEL) - W22.S-3e*PITACC + * vAZ3.fTVIL)
IF (IN4 EQ. 13; STEW'(K) -(K(K)-AP).(A3300HCAACC-X(K).PITACC)

2 Si 33o(teEAVa:-X(KI.PI(VELJ) 41 (VOA33'VEUVEL - Vt.I24G3tVRVKU s
l.2 - V2Wl.*(A33*PITACC + 532*PITVEL))

40 C3#dT3NE
CALL CPFIT (r(KSTATh).STEe(KSTATN).CMulGNS~VS)
CALL !ýPINTG (XP.X(NSV'ATN).X(KSTATNLI#PS.ELENIS.O.ffyMb)
!F (N!.TýT Q I 0 1) 00 TOds
CALL CPFZT (X1KSTAT#4),SA533(KSTA'TP).ELEMS.K,5)
CALL CPLVAL (X(KSTATWGCI.PS.ELEN6S.AF.NYO.cOIM.IEWN)
A33 - EEAL(HVD)
Z1* AIAAG(MYO)

NYOR0 a H4YORO - (VoA3S.VERVEL - VWE20833.VERA0t -

2 b2tE2e(A3ItPZTACC + S23PITVEL))
45 CýtWTIW4E

CUPK' BESTOW + EXIT + H1108
LOLD INMERT - CSUM
LOAD mLOAD/CON
CALL RAOPMA (LLWO.eAo(z).r'HS(I),uwgrIG.gnhs)

100 CC.NTIN*AA

SIJ6B0U1 WE LRAOJJr
'-CA txTINP
-CA OEOO%
w.CA STATE
-CA P*4VCCO
'CA CNVIOR
*CA 1017~~~ '~CA L bOADS3 A7 : :I ~ )

(u'wurs(¶) 10. MTER) SU0h

SF'5345H.57O

2 k-IS(3)V A0W.5WS3
RELWE

OA^MTR 'MVE

IF(U Sl _0 -t)UPIL 7 -~

4 A.-I



IF (RJNTS(I .rE.- IVETER) tUNITS do 714T-TOUS
SEVIM.1 ICOFIL
REWIPAC OtIOFIL
R EAD~ (JKGFIL) TIlrL c.".NVKNA.NOULEQA.ONGA.IWIANQ.ELMSA.VRT. LAT.

I Aht'.RES.LPP.UEAMDRAFY.DZSPLM.aN.OELeN.KG.KROLL.LcS.QRAV.a9C,
2 %WDES.VKHCDSLVL

WRITE (UI.AFrL) TITLE.NOM61OA, OMEOA,^.NVK. LPPU EAMORArT.0k5SPLM.
I (M.UELGM.iCQ.MR0LL. LGUI.OBLWL.GRAYNSTATN.STATN.NLOADSOSVGIT.SUASSJ
2 xLDSTNA LCOXi1TX

thO 30C I V I .NV
DCj 200 114.IAUN
RAr.4) (LAWQFL) Vl1AiOTS.HEANOM,OlMEOAE
IF (KTj) RE&0 (ORGFIL) iVTV
IF (LAY) READ (ORaFIL) JOTL
IF (AX-VOS) READ (OftWIL) H4JV.ItJL.147

H a~ 'Q. ME6AONVJ

READ (LCaFIt,)(S(II).43IVLA(1I)132.I.

i ffyINV *tL

CALL LR&0 (J*IN.1.CEQA.MDTV.5F3.SHQI.SA3S.StS3.VPrS(IV).COSMJ.
*I OMEGA,.OIWGAM. IP. VSFRAO. VSFPIIS.3. NOMEOA. 1)

IN *I
CALL LRA0 (IN.1..NOMEGA.M0TV.SF3.S&I3ý.SA33.SSZ,3.VfS(IV).0QSUW.

2 (Th'LOA.OMCGAE. IP.VUNRAO.VUKPS.3,NOUEQA. I)
WRITE (IPAIN. 1000) TITLE.XLOSTN(IP).VXNOTS.IOJO

iosCo FORMNAT (.I./28X.20A4///*SXaLOAD RESPONSE AMPLITUDEZ OPERATORS'
2 - (A~oS) AM) PI4ASES.///S0OeSTATION*PS.1///5SX.SHIP SPEED -0..
2 F3.0, KNOTS*/53A'SHIP HEAOZNC. **F5.Oo DIIGREES.)
VA~tE (IPRIN.1O10) UNITS

1010 FORMAT (//20 O.vSHEAR(V3)69X OV.mMO. (VS).*/2x *opAGA 0M104e4X.
2 2(sAMPL. P4A51e.4X)/AX.RPSedr.APSe4X* TOft5ofl'OEB.4XAT.

SM'XOEG*/)
DO 20 1W-1.NONEOA

2WRITE (PREN. 1020) ONEGA(IV).OMEGAE(IV).VSFRAO(IW).VSFP94(IW).
2 NQMAO(JW).VMPHS(IW)

1020 FIJRIAAT j2F7.3,2(1P112.46.OPF7.1))
20 CONTIMJC

WRITE (SPAIN. 1030)
'0?0 rOT*4 (1/22Y INOE: Er~t~rwi~'nJ

2 a STUD SEAM. 130 DEO. FOLLOW1MG SL¶AS.s)

WAITE (LOAPIL) XL0STN(IP).VKNCT3).hDN.O.EGAE.VSFRAOV5FP145,

*A REWINDCOL
DtIENSIO LSVR'(SVSP

DO 1VJT3 LRSYUSPV(S4P.$f

00 14Q IpI~~.NwEsp
IF* POINT(IU)
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IN " IMOTN(IIt) g..

IT - ITYPE(IiM)
00 TO (1o.20.30.40.5O.eO.o.O.o.90. tOO.1o. 120.130).LR

10 IF (.NOT. (IP.EQ.O .ANO. IIM.EO.3 .ANI. IT.EQ.1)) 0 TO 140
C HEAVE

GO TO 150
20 IF (.NOT. (IP.9Q.0 .AND. I1.IO. .AND. IT.EO.1)) GO TO 140
C PITCH

GO TO 150
30 IF (.NOT. (IP.EQ.O .AND. IN.tQ.2 .AND. IT.EO.)) 0C TO 140
C SWAY

GO TO 130
"A0 IF f1.NOT. (IP.EQ.0 .AND. IN.EQ.4 .AND,. IT.EO.I)) 00 TO 140
C ROLL

GO TO 150
50 IF (.NOT. (IP.EO.O .AND. IM.EQ.6 .AM. IT.EQ.l)) 00 TO 140
C YAW

00 TO 150
60 IF (.NOT. (IP.EO.1 .AND. Wi.EO.3 .AND. IT.EQ.3)) 00 TO M40
C VERTICAL ACCELERATION AT POINT I (Pt)

GO TO 150
a. 70 IF (.NOT. (IP.E0.I .AND. IN.E[.2 .AND. IT.EQ.3)) GO TO 140

C LATERAL ACCELERATION AT POINT I (PI)
GO TO 160

3o IF (.NOT. (IP.EQ.2 .AND. IM.E0.3 .AND. IT.EO.3)) UU VO 140
C VERTICAL ACCELERATION AT POINT I (P2)

GO TO 150"90 IF (.NOT. (IP.EO.Z .AND, IN.EO.2 .AND. IT.9Q.3)) GO TO 140
C LATERAL ACCELERATION AT POINT 2 (P2)

GO TO 150
100 IF (.NOT. (IP.EQ.I .AND, IM.EQ.3 .AND. IT.EQ.3)) TO 140

C VE9TICAL ACCELERATION AT POINT 3 (P3)
GO TO 150

110 IF (NOT. (IP.EQ.3 .AND. IM.6O.2 .AND. IT.EO.3)) ai TO 140
"C LATERAL ACCELERATION AT POINT 3 (P3)

GO TO 150
"120 IF (.NOT. (IP.EQ.4 .AND. IM.EO.3 .AN. IT.EO.3)) GO TO 140
C VERTICAL ACCELERATION AT POINT 4 (P4)GO TO 150•m...130 I (.G T. (IP.OO.4 AND. IN.EO.2 .AND. IT.EO-3)) 00 TO 140

C LATERAL ACCELERATION AT POINT 4 (P4)
GO TO 150

140 CONTINUE
"150 LSVRSP(LR) - IR
160 CONTINUE

RETURN
-- ~END •

"*DECK SEYMOT
SUBROUTINE SEVMOT (NSVRSP.LSVRSP.RSPN$6E.HONO. IMOOL)

*CA OAT!NP
*CA INDEX
*CA GEON
*CA PHYSCO
*CA 10
*CA ENVIOR
eCA SEVERE

DIMENSION QSV(13. t3).TOE( 13.13).TEMV( 13).TENN(l3).Tl[NM( 13),
2 TENT( 13). LSVRSP(13). RSP9I4I(2. I3)3.HONG(4). IM01(4)

INTEGER TENT
- REAL METER

* ~A-1 7



DATA METER /4HMfTE/V
NNEAD a 24
N1 c NIEAD + I
NDATA - 2 + NI*NVK*2
008500 ICal.2
00 400 ISPINSIOWN I
LT - IMODL(IS)
00 300 IR.I.NSVRSP
DO 200 JR.I.NSVRSP
CALL FETCH (IC.JR.!S.RSVTOE.SVIDX.RSINDX.SWIIIJX.NVATA.LSVIOX.

2 NRSINO.NSWINt.SEVFIL)
IF (IN QT3. 0) GO TO 10
RY(OR) - RSVTOE(1) + .001
RN(,JR) - RSVTOE(2)4 .00i

10 If (,J .GT. 1) G0 TO 20
IV a Rv(IR)
IN - RHMIR)

20 If a 3 + (114-1)02 * (IV-OetI4EAD.2
*SV(,JRIR) - RSVTOE(IE)
TOE(WR.IR1) w OSVTOE(IE~i)

200 CONTINUE
300 comrimJE

WRITE (IPRIN. 1000) TITLE
1000 FORMA7 (si*/38X.2OA4///42XoS I V E R 6 M 0 T1' 0 N T' A 8 L*

2 *E*)'-
IF (IC EQ. 0) WRITE (IPRIN.t0IO)
1; (I EQ~. 2) WRIEl (if-Ri.1020)

1010 FORMAT (//6OX.ilHLONGCNE$TfD)
1020 FORMAT (//60*. I2HSHORTCRESTED) t -

IF (PUNITS(i) .NE. METER) WRITE (SPRIN.1030) SIGUI(IS)
Ir (PUNITS(l) EQ. METER) WRITE (IPRIN. 1040) SI0W4(IS)

1030 FORMAT (/42X*SEA STATE: SIGN4IFICANT WAVE HEIGHT w*.F6.2w FEET o)
1040 FORMAT (/42X*SEA STATE: SIGNIFICANT WAVE HEI4NT "sF6.2* METERS.)

M~ITE (IPRIM. 1050) fskl(AL(L)
IF (NSVRSP E10. 5) G0 TO 60
NP a NSVI1SP-
NP'ý NP/1 2
WRITE (IPRIN. 1029)

1025 FORMAT (//54X-POINT LOCATIONS:*)
00 50 IP.I.NP
WRITE (IFPRIN.t026) I.PNN(,P.-.)ArO(u)

2 VPTLOC(IF).ZPTLOC(kP)
1026 FOR14AT (22X.P.11.- *6A4.2X.*XFP w*F7.2.21.VCI w*F.22X

2 *Z8L -.F7.2)
50 CONTINUE
60 CONTINUE
I05 FORMAT (54X.MOr'l. WAVE PERIOD m*F4.Oe SECONDS*)

WRITE (IIPRIN.lc,') (T~()I13
IM56 FORMAT U//AOX.3-,e VALUE / ENCOUNTERED NODAL PERIOD (TOE)")

WRITE (IPRJN.IO...) ((RSPiNOE(I.IN).Iwt.2).1R.I.NSVRSP)
1060 FORMAT i //AVASMAXIMUM RESPONSES AMQ CONWITIaNS.Ilx, 130( IN-)//

2 e RESPONSE *.13(*X.A4.A0))
00 310 IR-.1.MVOSP
IV a AV(I R)
IN w RH(IR) p
TEWRV(IR) VK(IV)
TEMN(IE1 * 11141IN)
TENPI In) *RSV( ZR. Z)
IF (III .T. S) TEME(IR) - TE0I(IR) * 100
TENTIIR) a TOE(IR.IR)

310 CONTINUEA
WRITE (IPRIN.IO70) (TENN( IN). TEXT(lit). IoIR.PSSvP')-



1070 FORMAT (.(MAX.RSV)/TOE..13(1X.F5.2.iH/.12))
WRITE (IPRtN.1060) (TEM9V(hAl),IRm1.kSVRSP)

thY1060 FORMAT 0. AT SPEED (KNOTS3..FG.l.12F1.1)
v WRITE (IPRIN.i090) (TEMN(IR).IRm.I.SVPSP)

1090 FORKAT (o AT HEADIN0'(OfG)e.FO.O.13Ff.O)
WAITE (IPRIN. 1100) ((RSPAE(I.tJR).1II,2).JgutNSVRSP)

1100 FORMAT (//54X*ASSOCIATEO RESPONSES.iX.I30(¶H-)/
2 * MAX. SPEED /a/* RESPN. HgADING0..2XA4.A1.12(4X,A4.At))
WRITE (IPRIM.1110)

1110 FORMAT (IX)
00 330 In.t.NSVRsp
xv - RV(IR)

MY a VK(IV) * .001
MH -HDNG(IH) + .001

IF (IR.EQ.6 .0R. 13.fO.d .OR. I3.[0.10 OR3. 13.E0.12)
*2 WRITE (IPRJN.1110)

DO 320 ,JRI.NSVASP
TER(JR) a NSV(IJR.IR)
IF (OR .GT. 5) TEMI1qJU) UTEM(iJR) 0 100
TEMT(.JR) * TD!(JR,IR)

320 CONTINUE
WRITE (IPRIM. 1120) (R5391 0(. IR). Is1. 2),NV. M.(TER(1 JR).TINY (1 JR).

2 JQ-I.NSVRSP)
1120 FORMAT (1X,A4.Ai.2X.12.rn/.13.13(fG.2.ltQ.12))
330 CONTtNJE

WRITE (IPRZIN.ts30)
1130 FORMAT (//2XotWTES: 1) RESPONSES ARE IN PHIYSICAL UNITS:*/

2 22X.'HEAVE AND SWAY ARE IN WAVE HFWIT UNITS; PITCHI. o
2 oROLL. AND YAW ARE IN DfQmEES;./2X.oAND~ THE POWN VERTICAL
2 *AND LATERAL ACCELERATIOMS ARE IN UNITS OF 6-S e.1tH*.* 100.0)
WRITE (IPRIM.1140?

1140 FORMAT (OX.23 POINT LOCATIONS: XFP 1S IN STATION NUMERS;
2 *YCL AND ZBL ARE IN WAVE HEIGHT UNITS.0)

WI1TE (IPRIN.1150)
1150 FORMAT (VXi.3) HEAWING CONVENTION: 0 DEGaMEAO 30 DEGaSTUD EAu1.6

2 0 130 DEQmFOLLOWINB SEAS.*)
400 CONTI1NUE
900 CONTINUE1

RETURN
END
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DEPARTMENT OF THE NAVY ADCK ISMHEOWY
Ih"VALSI, JFWACFr WAIRFARIE CENTlrER DAVID TAYLOR MODEL SA•SIN

CARDEROCK DIVISION rTH£SDA. MD 10094-5MO

IN RIEPLY RIV[IF TO:

5605
504

29 SEP 1995

Defense Technical Information Center

Bldg #5, Cameron Station
Alexandria, VA 22304-8145

Gentlemen:

Carderock Division, Naval Surface Warfare Center, report DTNSRDC SPD-
0936-04, "SMP84: Improvements to Capability and Prediction Accuracy of the
Standard Ship Motion Program SMPBI," by William G. Meyers and A. Erich
Baitis has been Approved for Public Release as of 19 9!P
amend your copies cf the report to reflect this changeA-.. trecthsca.4

Sincerely,

W. B. MORGAN
Head, Hydromeflrk DlrectOmt
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DEPARTMENT OF THE NAVY CARDEROCK DIVISION HEADQUARTERS

NAVAL SURFACE WARFARE CENTER DAVID TAYLOR MODEL BASIN

CARDEROCK DIVISION BETHESDA, MD 20084-5000

IN RlEPLY RFIQ Tl O

- 5605
60 IQý504 2 9 SEP 1995

Defense Technical Information Center

Bldg #5, Cameron Station
Alexandria, VA 22304-6145

Gentlemen:

Carderock Division, Naval Surface Warfare Center, report DTNSRDC SPD-
0936-04, "SMP84: Improvements to Capability and Prediction Accuracy of the
Standard Ship Motion Program SMP81." by William G. Meyers and A. Erich
Baitis has been Approved for Public Release as of 19 June 1990. Please
amend your copies of the report to reflect this change. (t'\p On c:t9)

Sincerely, 14

W. B. MORGAN
Head, Hydromechanlics Directorate
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