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NOTATION

AR Section Area

a Correction factor for buoyancy force

b Half-beam of craft

ci  Wave celerity of ith component

CDc Crossflow drag coefficient

CG Center of Gravity of boat

C Load coefficient A/pg(2b)3

C Wavelength coefficient LA C /(L/2b) 2 1/3

D Friction drag force

F Total hydrodynamic force in x direction
x

Fe Total hydrodynamic moment about pitch axis

f Two-dimensional hydrodynamic force

g,G Acceleration of gravity

H Wave height, crest to trough

h Vertical submergence of point below free surface

h5 Heave crest or trough value corresponding to 50%
50  probability point

hg90  Heave crest or trough value corresponse to 90%
probability point

I Pitch moment of inertia

Ia Added pitch, moment of inertia

ka Two-dlmensioal added-mass coefficient

kI iWave number of Ith component

L Hull length

LCG Longitudinal center of gravity percent of L

M Mass of craft



NOTATION (CONT)

M Added mass of craft

ma Sectional (two-dimensional) added mass

N Hydrodynamic force normal to baseline

r, Ratio of negative maximum to total maximum

r Wave elevation, positive down, feet

r. Wave amplitude of ith component
1
U Relative fluid velocity orall to baseline

V Relative fluid velocity normal to baseline

V/A Speed-to-length ratio in knots/ft
112

W Weight of craft

w Vertical component of wave orbital velocity, positivez down

x Fixed longitudinal axis; also the coordinate of a
point relative to the origin of body axis.

ACG Surge velocity

xCG Surge acceleration

xCG Longitudinal distance from origin of fixed axis to
CG of the body

z Fixed vertical normal axis; also the coordinate of a
point relative to the origin of body axis, positive
down

zCG Heave acceleration of the CG

zCG Heave displacement of the CG, positive down

8 Deadrise angle

Hull displacement W

Normal body axis; also the coordinate of a point
relative to the origin of body axis

Vertical acceleration (i.e., in direction of Caxis)
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NOTATION (CONT)

e Pitch angle

*Pitch angular velocity

e Pitch angular acceleration

650 Pitch crest or trough corresponding to 50% probability
point, degrees

g Pitch crest or trough corresponding to 90% probability
point, degrees

Longitudinal body axis; also the coordinate of a
point relative to the origin of body axis

p Density of water

ori  Phase angle of ith component

(Wave frequency

Peak frequency of wave spectrum

Y Wetted lengtn

S1 Nondimensional frequency, /

CSpectral width parameter

±vii



ABSTRACT

A computer program previously developed to estimate the motions and

accelerations of a planing craft in regular waves was modified and extended

to compute the corresponding motions in random or irregular waves. Ten

regular waves with random phase were combined to represent the random

seaway. The amplitudes and frequencies that were selected represent the

energy distribution of a Pierson-Moskowitz spectrum for a fully developed

sea. A comparison of computed results with experiments indicate that

the computer program can predict craft behavior with reasonable

quantitative accuracy in moderate operating conditions. In severe

operating conditions, however, the amplitudes of the computed vertical

accelerations, which include impacts. are one-half of the experimental

va l ue.

ADMINISTRATIVE INFORMATION

This work has been authorized by the Naval Material Command (08T2);

under Program Element 625 43 N, Task Area ZF43-421-001, administered by

the Ship Performance Department, High Performance Vehicle Program Office,

Code 1512.
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INTRODUCTION

In a previous study a computer program was developed to estimate

the motions and accelerations of a planing craft in regular waves. As

a logical extension of this work, the program was modified to compute

the motion of the craft in random or irregular waves.

Since the mathematical model is nonlinear, the computations are

made in the time domain. Ten regular waves are combined with random phase

to represent the random seaway. The amplitudes and frequencies are ad-

justed to conform to the energy distribution in a Pierson-Moskowitz fully

developed sea.

The mathematical model was developed for a V-shaped prismatic-body

with hard chines and constant deadrise planing at constant speed. The

thrust and the friction drag forces are assumed to act through the center

of gravity. The vertical components of the thrust and fiction drag are

also assumed to be negligible in comparison to the hydrodynamic forces.

The mathematical formulation is analogous to low-aspect-ratio wing

theory with provisions for including hydrodynamic impact loads, essentially

a strip theory. Surface wave generation and forces associated with

unsteady circulatory flow are neglected, and the flow is treated as

quasi-steady. The mathematical formulation is an empirical synthesis of

several theoretically derived flows describing the overall craft hydro-

dynamics.

MATHEMATICAL FORMULATION

EQUATIONS OF MOTIONS

The equations of motion for a planing craft restricted to pitch e,

heave zCG' and surge xCG can be written as

2
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MXCG = Tx - N sin e - D cos e

MzCG Tz - N cos e + D sine + W

1; = Nxc - Dxd + Txp

where M is mass of craft

I is pitch moment of inertia of craft

N is hydrodynamic normal force

D is friction drag

W is weight of craft

T x  is thrust component in x direction

x c  is distance from center of gravity (CG) to center of pressure

for normal force, positive forward

Xd is distance from CG to line of action for friction drag force

x is moment arm of thrust about CG.

Motions are measured relative to a fixed coordinate system with the x axis

located in the undisturbed free surface pointing in the direction of travel

and the z axis pointing downward.

Since the perturbation velocities in the forward direction are small

in comparison to the speed of the craft, the equations of motion can be

simplified by neglecting them and by setting the forward velocity equal

to a constant, i.e.,

XCG = CONSTANT

Furthermore, if it is assumed that the vertical components of the thrust

and friction drag forces are small in comparison to the hydrodynamic forces

..



and that the total thrust and friction drag forces are acting through the

can be written as

x 0CG 0

MzcG -Ncose + W

le = Nxc

A so called "strip theory" is used to obtain the hydrodynamic force

acting on the body by integrating the 2-D hydrodynamic forces normal to the

baseline over the wetted length of the body. A body coordinate system

( ,O) with its origin at the CG and the & axis pointing forward parallel

to the baseline of the body as shown in Figure I is used to facilitate

this integration.

The normal hydrodynamic force per unit length f, acting at a section,

is assumed to be proportional to the rate of change of momentum associated

with an added mass term and the cross flow drag, i.e.

f = *- (ma V) + CDcPbV2

where V is the velocity in plane of the cross section normal to the

baseline

ma is the added mass associate with the section form
CD~ is the crossflow drag coefficient

p is the density of the fluid

b is the half beam

Expanding the momentum term results is

D (may) mav+ -. (mV)dNt (MV = MO+ V @ C f

where & is the body coordinate parallel to the baseline- see Figure 1.

4
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The last term on the right-hand side of the above equation takes into

account the variation of the section added mass along the hull. This

contribution can be visualized by considering the 2-D flow plane as a sub-

stantive surface moving past the body with velocity U = -d&/dt tangent

to the baseline. As the surface moves past the body, the section geometry

in the moving surface may change with a resultant change in added mass.

This term exists evan in steady-state conditions and is the lift-producing

factor in low-aspect-ration theory.

For a V-shaped wedge the 2-D added mass is defined as

ma = ka -' b2 (,C,t)

where ka is the added mass coefficient (assumed to be 1 in this study) and

b is the wetted half beam. Once the chine becomes wetted the beam is

assumed constant regardless of depth of penetration.

Cross-flow drag for a V section with separation at the chine is assumed

equal to the drag of a flat plate (C = 1.0) corrected by the BobyleffD,c

flow coefficient approximated iby cos 8, i.e.,

CD,c = 1.0 cos a

The Bobyleff flow coefficient is the theoretical ratio of the pressure

on a V-section to that experienced by a flat plate for Helmholtz-type

flow.

The same approximation is used for estimating the drag coefficient

for nonwetted chine sections, using the instantaneous value of the half-

beam at the free surface.

An additional force acting on the body is the buoyancy force fB"

This force is assumed here in to act in the vertical direction and to

be equal to the static buoyancy force multiplied by a correction factor,

5!
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i.e.,

f= apgAR

where AR is the cross-sectional area of the section, and a is a correction

factor. The full amount of the static buoyancy is not realized because

at planing speeds the water separates from the transom and chines, reducing

the pressure at these locations to atmospheric or less than the equivalent

hydrostatic pressure. A greater reduction is realized in the buoyancy

moment because of the corresponding shift in the center of pressure.

2Shuford in his work on steady-state planing recommended a factor of

one-half to obtain the correct buoyancy force. In the following compu-

tations, the buoyancy force was corrected by a factor of one-half, i.e.,

a = 1/2. The buoyancy moments, computed as the static buoyancy force

multiplied by its corresponding moment arm, was corrected by an additional

factor of one-half to obtain the proper mean-trim angles.

Integrating the 2-D hydrodynamic force over the wetted length of the

craft (z) and taking the component in the z direction results in

-N Cose = Fz(t) = fcos 8dt +fJfde

U r(~) m(,t) +( .t)]Q1

+ CD, c(,t)pb(,t)V2( ,t) cos edt

+apgAot]

Similarly, the hydrodynamic moment about the CG is obtained by integrating

the product of the normal force per unit length by the corresponding

moment arm.

6
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Fe -"f(jft) dt-,rfb Cos 0 tdj

(t)V(EIf t) + ia(1, t) V(t)

+a
- U(t(,t) (ma([,t)V(e.t)) + CDc(((,t)pb(e,t)V 2([,t)

Wave excitation enters into the above equations through the geometrical

properties of the wave, altering the wetted length and draft of the

craft, and by the vertical component of the wave orbital velocity at the

surface wz, altering the normal velocity V. Diffraction has been neglected.

The horizontal component of orbital veolcity is neglected, since

it is assumed small in comparison with the forward speed ACG. The

velocities U and V may then be written as

U = 'CG cos - (CG-Wz) sin 0

V = 'CG sin - " + (-CG -Wz) COS 0

The depth of submergence h of the body at any point P(&,c) may be deter-

mined by
h = Z - sin 0 + f cos 9 - r

where r is the instataneous value of the wave elevation directly above

the point measured positive downward.

A more detailed derivation of the above integrals for the hydrodynamic

force and moment is presented in reference (1). Although the hydrodynamic

7
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forces and moment require integration over the wetted length, which

may vary with time, the resulting equations of motion can be integrated

in the time domain using numerical method such as the Runge-Kutta Merson

integration routine used in these studies.

REPRESENTATION OF THE SEAWAY

The seaway in general can be represented by an infinite sum of sine

waves with random phase. In these studies, for the sake of computational

economy, the seaway is represented by the discrete sum of ten harmonic

waves with random phase 10

rr i  cos[k (x +C t ) +  0. ]

where r i  is the wave amplitude

k. is the wave number

c. is the wave celerity

and ai is the random phase angle of the ith wave component.

Note that at point P(rc) on the craft
X = xCG + Ecos e + € sin e

and XCG = fcGdt

Each frequency and wave amplitude is weighted in accordance with the

energy distribution in a Pierson-Moskowitz spectrum for a fully developed

sea. The Pierson-Moskowitz formulation for a continuous spectrum can

be written as S(w) = A e-B/4

where A = 8.1 X 10- 3

g = gravitational constant

B a4A 2 2
H i T/3)2

The constant B is also related to the peak frequency ip) of the spectrum

8



by
5 4

B 4 p

which can be confirmed by differentiating the spectrum formulation and

setting it equal to zero. Normalizing the frequencies by the peak

frequency leads to a nondimensional spectrum S which is related to the

dimensional spectrum by16w)= l=ap 5 e- 5/4si4

SS(w=rQwP) n5-H= / = 5

where a = w/wp H1/3

and where
'IQ

The discrete frequencies representing the spectrum varied from

o = .80 to 2.6 in nearly equal increments A i=O.2. A slight random

perturbation is given to each frequency to avoid precise integer multiple

frequencies,thereby increasing the fundamental repetition period of the

computed time history. Each discrete amplitude is adjusted so that its

energy corresponds to that contained in a band width (Aal) centered about

its frequency in the continuous spectrum i.e.,
Ql + AQ/2

2r= H2  f * nd. f ,.,

The band widths are equally spaced between frequencies except for the

first and last frequencies which lump all of the remaining energy at the

beginning and end of the spectrum. Table 1 presents a list of the

amplitude for each nondimensional frequency in terms of the significant

wave height.

COMPARISON OF COMPUTED RESULTS WITH EXPERIMENTS

Computations of pitch and heave motions and bow and CG vertical



accelerations were made using the computer program (see Appendix) for

3comparison with the model experiments of Fridsma . Fridsma tested a series

of constant-deadrise models of various lengths in irregular waves to

determine the effects of deadrise, trim, load, speed and sea state on the

added resistance, heave and pitch motions and vertical accelerations at the

bow and CG. Figure 2 shows the lines of the prismatic models. The

computations were made with the Centers' Control Data Corporation 6700

computer system. A listing of the computer program is presented in the

Appendix.

Table 2 presents the characteristics of the model craft for those

conditions selected for the comparison. The number of computer runs

was kept to a minimum for economic reasons. Approximately one minute

of central processor time was required for every second of data using model

scale dimensions, and approximately 40 seconds of model scale data was

required to obtain 100 cycles of amplitude data.

The output of the program is the time histories of the pitch and

heave motions and the bow and CG accelerations. Sample plots of the out-

puts are shown in Figures 3 and 4. Procedures required for processing

and analysing the data are not a part of this study. In order to facili-

tate the comparison, the analysis procedures followed in this report are

those used by Fridsma 3 for his experimental data. The amplitudes (maxima

or minima) of the pitch and heave motions about the mean are assumed to

be described by the so called "Generalized Raylelqh Distribution." i.e.,

= 1 e112y2/C2 + (1 - 21/2 "1/2y2fY(1-62) e-1/2x2
PlY, -77 y e - d-00 e dx

where y = maximum or minimum (absolute values) normalized by the standard

deviation,

10
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2C=I 1 2r')

and r' = ratio of negative maxima to total maxima or positive

minima to total minima.

To fit the data to this distribution the.!crests (maxima) and troughs

(minima) relative to the mean value are first determined from time histories

of the motions. The mean value is defined as halfway between the average

crest and average trough value. The crests or trough data (Xi) are sorted

in ascending order and grouped into fifteen intervals. At the same time,

the proportion r' of negative maxima to total maxima or positive minima to

total minima is determined. The cumulative frequency and corresponding

probability that a crest or trough is less than or equal to the interval

value (Xi) is then computed. From the probability and r' values, the

theoretical value of the normalized amplitude (y) is calculated. A plot

of X. versus corresponding y values is compared with a line drawn through
1

x = y = 0, and the point, x = x, y = y = A T2(I-2r') which is indicative

of the fit of the theoretical distribution function to the data. The

values x and y are the observed average value of the first moment and the

theoretical average value (normalized) respectively.

Figures 5 and 6 show typical examples of such plots for the pitch

and heave crests and troughs. As can be seen in these figures, the data

fit the assumed probability function reasonably well, but it is also quite

possible that some other distribution might fit the data better.

The acceleration data were assumed to follow a simple exponential

distribution. For this distribution, the probability, P of the accelera-

tion peak n being less than a given value is

P(n) = 1 - e n/

11
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where = average peak acceleration.

Only the negative peak accelerations (impact spikes as well as wave

induced) were analyzed. The data were sorted and grouped into fifteen

intervals similar to the motion data analysis and the probability was

plotted with respect to n on inverted semilog paper. For a good fit, the

data should follow a straight line through the point (P = 0.368, n = n)

and the origin. Figure 7 shows a sample of the acceleration data plotted

in the above manner. An exponential probability function appears to be a

good fit to the data.

Table 3 presents a comparison of the computed motions and accelerations

with the corresponding experimental results. The computations were made

for a craft with a length to beam ration (L/b) of 5, a deadrise angle (8)

of 20 degrees and a speed length ratio (V//F) of 6 for several sea states

with significant wave height to beam ratios (H1/3/2b) of .222, .444 and

.666 which would correspond to Sea states 2, 3, and 4 respectively for

a 50 foot craft. Computations were also made in sea condition with

H,/3/2b of .444 for a speed length ratio of 4 at Ifn, 20 and 30 degrees

deadrise angles.

The tabulated values for the heave and pitch are those with a 50

percent and those with a 90 percent probability of not being exceeded.

Heave is nondimensionalized by the beam. The values for the bow and

CG accelerations are the average values of the negative peaks.

Other statistical variables such as the 1/3 or 1/10 highest values

can be computed from the specific probability distribution. For the

assumed distribution of the motion amplitudes, the 1/10 highest value is

related to the 90% probability value by the ratio of yl, 10/ygo, which is

12



approximately 1.33 over the r' value range measured. The 1/10 highest

accelerations from the exponential distribution is 3.30 n.

Plots of the data in Table 3 are also presented in Figure 8 through

13. Figures 8 through 10 show respectively a comparison between the

computed and experimental results of the variation in the 90 percent

probability values for the pitch and heave motions, and the average values

for the bow and CG accelerations, with significant wave height to beam

ratio. Figures 11 through 13 show similar plots for the variation with

deadrise angle.

The pitch data in the figures show that while the computed troughs

(bow down) are in reasonable agreement with the experiment, the computer

crests are lower than the experiment. The heave exhibits the same trend

with the computed crests (CG down) being in reasonable agreement with the

expeirment and troughs being lower than the experiment. Furthermore, the

90 percent probability values for the pitch and heave crests and troughs

for the computer model are about equal in magnitude; whereas, the experimental

model values in the pitch bow up and heave CG up direction are greater.

It appears that the experiment model exhibits more nonlinearity than the

computer model.

The computed acceleration data for the bow and CG are generally lower

than the corersponding experiment data. Figures 10 and 13 show that the

computed accelerations differ by 15 percent to 50 percent of the corre-

sponding experiment-values with the largest differences occuring in the

more severe conditions where the accelerations are extremely high.

For example, at the ten degree deadrise angle condition presented

in Table 2, the average 1/10 highest bow acceleration corresponds to about

13
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24 g's for the experiment and 11 g's for the computed value. It is

doubtful that any operational boat would be driven to such extreme conditions.

The characteristics of the experiment model motions appear to be

slightly different from those of the computer model in very extreme

conditions. The experiment model experienced larger pitch bow up and heave

motion than the computer model, which probably resulted in larger impact

accelerations. This does not completely explain the differences between

the experiment and computed vertical accelerations which may also

reflect a deficiency in the mathematical representation of the impact

phenomenon, and perhaps the seaway as well.

In less severe conditions the agreement between computed and experiment

results is better. Good results can be expected for speed length ratios up

to approximately 6 in a seaway with significant wave height to beam ratio

of 0.222 (State 2 sea for a 50 foot craft). For a significant wave height

to beam ratio of 0.444 (State 3 for a 50 foot craft), the calculations

could probably be used to predict reasonable quantitative results up to a

speed length ratio of 4. In more extreme co.ditions the comouted results are

less accurate quantitatively, but are still indicative of gross trends.

SUMMARY AND CONCLUSIONS

A computer program was developed to compute the motions and accelerations

of simple prismatic planing craft in head irregular waves. This was

achieved by incorporating irregular waves into an existing program for

computing the motions in regular waves. The irregular waves were synthe-

sized by combining ten regular waves with random phase and with frequencies

and amplitudes weighted to represent a Pierson-Moskowitz spectrum for

fully developed seas.

14



Computations were made for a craft with a length to beam ratio of 5,

a deadrise angle of 20 degrees and a speed length ratio of 6 for several

sea states, and in a single sea state for a speed length ratio of 4 with

10, 20 and 30 degrees deadrise angles. The results were compared with the

experiment results of Fridsma. First the probability distributions of the

crests and troughs of the motions and acceleraions were examined to deter-

mine whether or not they were the same as those obtained by the experiments.

It was found that the fit of the pitch and heave crests and troughs to the

"Generalized Rayleigh Distribution" which was used in the experiment data

analysis, was acceptable for the computed data, but no attempt was made

to fit the data to other types of distribution which might have fitted

better. The computed acceleration data, fitted an exponential type of

distribution.

A comparison of the motions showed that the computed pitch troughs

were in good agreement with the experiment, but the crests (bow up) were

lower than the experiment values. The heave exhibited the same trend, with

the troughs (CG heave up) for the experiment being higher than the computed

values while the crests were in-good agreement.

Computed vertical accelerations at the bow and CG were,for certain

conditions, muchl1ower than the.-experiment values. At some conditions

examined, the computed accelerations were about half of the comparable

experiment values. This occurred at the more extre,,e operating condition

where very large acceleations were experienced. For example, a value of

24 g's was obtained for the average of the 1/10 highest bow acceleration

from the experiment for a craft with 10 degrees deadrise angle as compared

to 11 g's from the computed results. These values were obtained in a seaway
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with a significant wave height to beam ratio of .666 and a speed length

ratio of 6 which represent an operating condition far more severe than that

in which the boat would be expected to operate (42 knots in a State 4 sea

for a 50 foot craft).

In summary it appears that the computer program can predict craft

behavior quantitatively most effectively in moderate operating conditions.

In severe operating conditions, probably beyond that in which the craft

would be expected to operate, the computed vertical accelerations which

include impacts are roughly one half the experiment values; however, despite

the deficiency of the computer program in predicting quantitative results,

the predictions are still indicative of gross trends.

Additional work is required to improve the prediction of the impact

accelerations especially during the more severe conditions. Towards this

end, it would be desirable to compare the time histories of experimental

motion and acceleration data with the corresponding computed values. It

may be possible to modify the hydrodynamic coefficients in the mathematical

model on the basis of experimental results, specifically those affecting

impact acceleration, and greatly improve the correlation. It is

recommended that if additional model experiments are conducted, time

histories of the motions and accelerations along with the wave height

be made available for the above studies.
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TABLE 1

WAVE AMPLITUDE REPRESENTING

DISCRETE SPECTRUM

0.795 0.1364

1.0 0.1861

1.183 0.1657

1.403 0.1302

1.602 0.0999

1.795 0.0771

2.004 0.0604

2.194 0.0482

2.392 0.0390

2.612 0.0626
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Figure 3 - Sample of Computed Pitch and Heave Motion
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Figure 4 - Sample of Computed Bow and CG Acceleration
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Figure 6 -Example of Heave Motion Correlation with
Generalized Rayleigh Distribution
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APPENDIX

LISTING OF COMPUTER PROGRAM FOR MOTION COMPUTATIONS
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VQOGRaM MAIN(INiUT.0UTPU7.TAPLEinIN'UTTAIVE6UTPUT.TAPE33! 129 MAIN 2
* TAPE2=!l2qlA0E:512TApE,) M4AIN .3

C MAIN 4
REAL ITM*MMAA*6dN0.NL9KAR MIAIN Is
INTEGER kNil MAIN 6

C MAIN 7
IJImENSION %(6),FX(2,20001 MAIN 13

C MAIN 9
COMMO'4N /CUNST, NCbECG.PlDWRRPD,6MAVTY.RHO.NUM.MAt12O),CD.TA. MAIN 10
* 2)bT*H(e)ToU~j~XoTXgoT MAIN 11
&OELTAS.TA.EST(120)KA~.MtlAXI12O),TEST(120,, MAIN 12

h (1lUo .PHALF M4AIN 13
COMMON /SHIP/ MA5bCINT.OACECE2.CEJOMUEUMUE2Ut4U.E30MUBFBMM.9MAIN 14

h LgFLoIA*Et1eO) M&IN 15
COM40N /IN/ l M(1e03,Rj(I2U)*VLLIN M4AIN 16
COMP4ON/OUT/NPHINT ,NPLOTENU MAIN 17
CO,440N/4TE'4S/J1,T2.73,T4,T5.Tb.T7.Td MAIN 18
COM4MON /RN&NS/ START,RISEvQAMe "AIN t9
COM440N /INTER/ II*KTT(I0)vDiFFlI0) MAIN 20
COMMON /IN;!/ NG(i!0),XA,,F1HMAX,M4IAN,A(6),EPSEI6) MAIN 21
COMMON /ACCEL / XACCL.SWACL.CbjACL.dL MAIN 22

C MAIN 23
CALL INPUT MAIN 24

C MAIN 25
C COMPUTE IN~TURATION INTEWVAL INFORMATION MAIN 26
C MAIN 21

NLESS a NUm-I MAIN 28
a ! MAIN 29
=I I MAIN 30

LpIFFEW x LSTU1-ESTIl MAIN 31
ViTT(I1) =I MAIN 3?

OIFFII) = IfFEQ MAIN 33
uO 25 IsZotiLL5 MAIN 34

UIFFE~x EST(Iei)-t.5TCI) MAIN 35
KTT(II) =KTr(11)+l MAIN 36.
IF(UIFFC4.oNE.DIFF(II))GO ro 2.' MAIN 37
60O TO 25 MAIN 38

24 1IIf 11.1 MAIN 39
I'TT(II) = I MAIN 4.0
OIrF(II) =DIfFtR MAIN 41

2to CONT INUE MAIN 42
PKTT(II) = KTT(II)#1 MAIN 43

C * * *CHECK If NUmbER OF INTERVALS EXE.SOMNINMAIN4.
IF (II.GT.IO) a.,ftL(692dp (ITT(ItIIFF(Il.I=IqII9 MAIN 45
IF(II.GT.10) STOP)6 4 MAIN 46

C * 0 * * * POINT AT 4HICH MULTIPLE RUNS START MAIN 4?
6 CONTINUE MAIN '.8

CALL SEAWiAY MAIN 49

CAL IMEEA MAIN b0

3 MEX, MAIN 51~
PADAN I PRC=AI MAIN 52

MAIN 60

LN~zED-135

PRITE6q,3)) MIN 5
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REAO(b,14j3(X(1)Ia1,L6) 
MAIN 61

C MAIN 62
C UATA U UL IN RAMO PUNCTION9 TO TURN ON WAVE MAIN 63

READ(59IO)%TAk7kISE MAIN 64
C MAIN 64

10 VORQAT(IFo0.4) 
MAIN 6b

C 9 * * * * 0 0 W•iTE OUT THE INPUT VALUES MAIN 67WRITE(6g191 STAkrvAISE9KA MAIN 6814 FORMATI" START " %F6410.49/66 RISE a *ltF10.49/,'* KAR * "PFIOMAIN 69
64 teMAIN 

70C 
MAIN 71C THE IS THE TIME AT WHICH TOE INTEGRATION INTERVAL IS MAIN 72C TO 4E CMAN"LD MAIN 73C HMX IS THE NEW MAXIMUM INTtRVAL SIZE AFTER TIME TME MAIN 74C HMN IS THE NtW MINIMUM INrtRVAL SIZE FOR KUTMER TO SU9-OIVIOE MAIN 75

C THE MAXIMUM INTERVAL Ue TO MAIN 76C IF T"Ii OP1IUN IS NOT JStD bET IME TO THE STOP TIME OF THE RUN MAIN 77
C 

MAIN 78READ1591u) TMEv"MAvNMN MAIN 79WRITE(6.11) TMEv MAXHMM,*MINoHMN MAIN d011 FOq4Alt* 47 TIME %,F?.Z,. hit MAXIMUM INTERVAL SIZE FOR INTEGRATIMAIN 81*UN WILL dE CHAN6EU FROM *tFLO4,9t TO 69FO.4/9 MAIN 82
*0 AND THE MINIMUM SIZE FUR HALVINb CHANGES FROM *vF0o.4, MAIN 83
* * TU *,FJO.4) 

MAIN 84C ADJUST THE IIME FOR CHANGE OF INTEGRATION INTERVAL MAIN 8C FOR CHECK AGAINST TIME IN T"E INTEAoTIO% LOUP -MAIN 86
TM = TME-(HMAX/2.) 

MAIN a?C 
MAIN 03C 
MAIN 89IPT = 0 
MAIN 90IF(TME.EG.XE) IPT = MAIN 91

C 
MAIN 92READ(b,0) PEOC.aT MAIN 93AACCL = EC6-Pti.CNT*8L MAIN 94iRITE(ble) PtkLNITXACCL 
MAIN 95I FORMAT(- THE A UStD FOR THL b0 w mNU CG ACCELERATION COMPUTATIONS MAIN 96.IS EQUAL TO ECG-*.F10.4f7*4L UP 'FI0.4) MAIN 97

C 
MAIN 98WRITE( 6oJ) 
MAIN 99wRITE(b", ) MAIN L0O

23 FORMAI (IM p//) MAIN 1014? VOqMAT(09 STATION NO.t$#3XA,'IEAU R1St"8AXo*EST$'oX,,NO, MAIN 102• 10E," 8EA.,M 
MAIN 103

WRITE(6e5') ((I9lLTA.ES(I)NU(u)IUM(1)).I|J.NUM) MAIN 104

WRITE (6,e) (A(Ii )AIN 106
MAIN 10756 POqMATg*" X VALUS"' 4Xq6(FLIJ.4?X)) MAIN 104C • 0 * . * * • C aNL INPUT PROM LEG&ES TO RADIANS MAIN 109X(31 = X(J3104u 
M41N 110X(6) = X(b)*k~i 
MAIN IlOC 
MAIN 112C * * * * * * * * WRITE OUT COMPUIEU AHRAYS MAIN 113WRITE lotp?)MtT, .PmALF9PIbpRAV)Y MAIN 114IF(NeRINi.LT.4) uU TU 62 MAIN 115WRITE (A.o ) (E(I)TI:|,NUN) MAIN 116wRITE (6.5) (,1(I),I=IoNUM) MAIN I6wRIIE tbob ) (P4AAtl ),In tIN)M) AIN 118

WRITE (bob,) (lhl(litiloNJM) 
MAIN 119
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62 CONTINUE MAIN 120

iRITEI6.Z8)INTI(I1.OIFFCI).IlxII) 
MAIN 121

8 OR'4ATj* KTT#UIFF *.1O.exFl0.4) MAIN 122
St F0Q)MAT (4 Ms @Fh).4,4H Is vFIO.4.I1N PI*f1HNU2w 010*49 MAIN 123

I SH P1.l VFIO*4,lo'l GR~AVITY* *EIO*4) MAIN 124
SO FORMAT ill E(I)"91uF0.41 MAIN 125
54 N.)QMAT Ill N(1)16lUF010.4) MAIN 126
bf* FORMAT ill MMAA11*,IOG.. MAIN L2?
66 FORMAT ill 7EST t)I,.OP1@.') MAIN 128

Is a 1,MAIN 129
IPRINT a NOWIN M4AIN 130
WRITE g4.911 MAIN 131

C * 4WRITE HEADINGS AND CONDITIONS AT TIME z0. MAIN 132
91 VOpNAT(1M1.eX.'SrIM1A.9XAOUT".99.LDOT"99MTNETA DOT",s6X9 MAIN 133

1 I,9A1mZ'ix96mINETA9AY4tW.L9AoeNFL, MAIN 134
*4A98i.0W ACCL04'.,TNCG ACCL9//) MAIN 135
wRITE(4#42) T1MkoIXIg),I31,b).NLFL#BWACLCuACL MAIN 136
WRJTE(9J 1IMEs(X(hI=I4v6)9.4ACL9CGACL MAIN 13?
NOUN? a eAOfgNT#I MAIN 138
FX1Iq,8BES) MAIN L39
FX14.IB) aX 6) MAIN 140
IAUT04 a (7wE-XA)1mMAX *(XE"TMEP/MMX AS.0 MA IN 141
FIRST&O.O MAIN 142
NEaSzb MAIN 143
IXUTSx0 MAIN 1'.4

C MAIN 145
C START OF INTLGRATION LOOP MAIN 146
C MAIN 147

851 CONTINUE MA IN 148
NpQINT z 1PR1N1 MAIN 149

C * * * * * * . * CHLCK P'ITCH *GT. .5236 RADIANS MAIN 150
IF1XI6).GT..5eJbGO TO 8S3 MAIN 151

C * * oo e * * * * ~I-,FuRm INTEGRATIONS MAIN 152
IF1 TIME.LT.TM.U.Q.TME.EQ.gt) GO TO 9d MAIN 153

IF(IPT.E,.l) CuO TO V8d MAI1N 154

"MIN = HMN MAIN 155
HMAX Z HMA MAIN 156
FIRST =0.0 MAIN 15?

96 C0~4TINUE MAIN 158
LALL NUTML:(NT1ME,71mAZ.A~oXPSA1,iNFIRST) MAIN 159

4IKUTSII(UtS. I MAIN 160
1FtFIRS7.t .)b') TO $61 MAIN 161
I~F(OUNT.NE.I.AND.ROUNT.NL.41) GO TI) 99 MAIN 162
uRITE 44.91) MAIN L63
NOIJMTZI MAIN 164

C OkI **** ~ TL OUT TIME INTERVAL RESULTS MAIN 165
94 ORITE14'4e) T1ME,(X(IJI31,bINLPL,8wACLC(,ACL MAIN 166

WRITE t6.'43)11 1 ,IeT3,T4.T5.Tb.T7.TU,8mmtdF MAIN 167
oRITE(9) TIME.E1fI,I4f6IqUwACLCUACL M4AIN 168
IF(TImE.LT.Tm-t.1.mE.Eq&XE, 60 TO 400 MAIN 169
IFIIPT.Efj.1) CU TO 20U MAIN 100
CALL ILOTED IFAXA#HMAX9IdIPT) MAIN 171
10T I MAIN 172
1t)30 MAIN 173
XA TIME MAIN 174
t aS 0.0 MAIN 175

riMII4 z MAiN MAIN 176

rIMAX Zr4MX MAIN 177

200 LONTINUE MAIN 178
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lax I d* I MAIN 179
F~fI1.I0B=X5A MAIN 180

93FORMA4TE" "1.IOEIU.4) 16MINI?
92 FOap4AT(1A.II(F1U.'..2X)) "AIN 183

100 CONYINUF MAIN 164
hOmKJ'NT*1 "AIN 165

21 CON'TINUE MAIN 16
IFeTlME.LE.XE.ANDIUTS.LT.A(UTMbU TO 551 MAIN 18?
WRITE (29b,3.,) MAIN 18$

854. CONTINUE MAIN 189
852 f Oa4AT( I ENU 01 KUTMER14) MAIN 190
$53 CONTINuE MAIN 191

CALL PLOTEP c#A9XA.Nt4AXv18.lP1) MAIN 192
C * * * 0 * CH'ECK~ FOR LAST RUN IF NOT CYCLE *'ACK TO RE.AD MAIN 193

C NEW UATA f0w '.mAT GUN MAIN 194
IF(ENO.NE.1)bO ro0 t M4AIN 145
b0 TO 991:o MAIN 196

C * *IU7ME. ERWUR MESSAGES MAIN 197

461 wRTTE(6*do?) MAIN 198
Ab6? tOR'4AT(o' E.R4UR CRITERION IN KUTHER CAN NOT 8E mET40) MAIN 19'V

wRITE 46956,) (A(1)91=1961 MAIN 200
wRITE 46986~) TIME MAIN 201

66 F0qf4A1 Is' TIME alipP10.4) "AIN 202
IF(ENO.A4E.LIGO TO 8 MAIN 203

kPO T 85JMAIN e04
994 CONTINUE MAIN 205

END FILE 9 MAIN 206
ENO MAIN 207
SUBROUTINE PLUI2eF.FMIN.FMAA.NVAR.NFUNN1.NX0,OELX) PLOT2 2

C w'LOT2 3
C PLUT FIRST N V,)IN15 OF UP' TO d6 FUNCTIONS FIX) PLOT2 4
C F(Ioj) CONTAIN~S Te-t VALUE FOR 14t JT'i POINT OF THE ITM FUNCTION "L0T2 S
C F4INul) AND f AAX () CONTAIN T~t L HI AND 04AK ORDINATE VALUES FOR PLOT2 6
C THE IT" 17uNLTIUN4. OLOT2 7
C NVAR(I) AN' A.,QAY OF TIrLL~S FU.4 TmE VAPIOUS FUNCTIONS PLOT2 8
C Tv bt OLOT1F. AGAINST THE~ ABSCISSA PLOT? 9
C NFUN NUM4LkI OF FUN.CTIuNS TU) BE PLOTTED - DIMENSION OF PLOT2 10
C NVAR, FMIN# FMAX 'OLOT2 11
C NI UStO ONLY IN F(NII) AS PASSED DIMENSION PLOT? 12
C N .mutR OF POINTS IN aSINGLE PLOT FPAME fLOT2 t3
C XO kLIKST ARSCISSA VALkit PLOT? 14.
C DELX AdSC1SSA I,'CEMENr PLOT2 15
C PLOT2 16

U14ENSION Js~TII(2be,)F(N1N)FMININ1UN),FMAX(NFUN).VLAST(26), IPLOT2 17
1 V vI-ST (b)90EADib) 1Efeb) eLOT? 18

INYEGEP C-,(eb)qNVAq( NFJN)9UOTM4STEwPeLUSBLANK OLOT? 19~
INTEGEO C OLOT? 20
INTEGEP A(101) PLDT2 21

C PLDT2 22

UATA bLAN'%.')UTvASfkRsPLUS/fl ,1.I1'1 LO72 23I ATA CM(l).CM(i),CM(3).CM(').CH(t),OCH6).CM(7.CHi(8),CH(91,CH(l0) PLOT2 24
2 / 104A 14 , 1HC 9 110D 9 IML 9 IHF 9 JIG , IHH*l 1I .1INJ / LUT2 25
%3ATA CtOb.f(2.It1)C(4,~~(b CIIIC(~CC8 LOT2 26

2 / ImK ,LIL *i4 1M * I lo , 14P, kl~o * 1NR/ PLOT? 27
UATA CH(A,Che)C4(21)Cm(2)Ctl(e4),CM(d4)oCM(25),C(26) PLOT? ?b

2 / IMS 9 1'iT 9 IMU 9 IMV v 1HW , lIX * IMY 9 In? W LOT2 29
C -'LO1? 30

1F(4FuN.LE.0.ukc.N.LE.0) RETU441 OLOT2 31
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C PRINT MEAOIN4JS. VLOT? 32
4RITE (6,.'6i PLOT? 33

46 FORMAT (//I) PLOT? 34
UO 40'0 lz1,NFUN PLOT? 35

30 YEN4#4AS(FPA(II-FmIm(l)) PLOT? 36
E~I.PLOT? 37

IF (TENM.FO.i.) jiU TO 2 PLOT? 30
C RRINGJ TEN4 TO) A VALUE dETWEEi I AhUI) U POLOT? 39

IFITENM.LT.I.) GO TO I PLOT? 40
3 IFITE~NA.LT.IU.) 60 TO 2 PLOT? 41

EXPEXP.il,'. PLOT? 42
TEN4zIENMt.I PLOT? 43
GO TO 3 PLOT?'.'.

I EXP=EXP*.l PLOT2 45
TEN~aTEr.AelO. PLOT? 46
IF(TEN4.CiT.1) W, TO 2 OLOT2 47
6O TO I PLOT? 4.8

C SET UP VALUE qETOLEN GRID LINES# QSTctP. PLOT? 4.9
2 PSTEP=S. eLOY2 SO

IFTENM.G.1.)STtPx10. PLOT? 51
17 (TENM4.LT.eSTk.P:2o PLOT? 5?

5 RSTEP1I)=oSTEP*EX0-e.l PLOT? 53
C COMPUTE VALUL Of STARTING LINE* VFIRST* PLOT? S4

FtRSTFmLN( h /45(tP(iD PLOT? 55

FIRSTsAINT iFisSTP - PLOT? S7

V7L'~~~ST (IFNTIOTPI LOT? S8
C C4#EC( ENOl LINE VALUEoVLAST. PLOT? S9

VLAST(I)zVFINSJ (lI*j0.*QTt~P~1I PLOT? 60
IFlVLAST(IJ.Ul.F,4A~qI))G0 TO 4 sA?6

C IF t3RaPP IS TOO S#4aLL TAKE NiEXT LARGIR STEP. PLOT? 62
4AAPSTEPl PLOT? 63
IF(AA.LT.S.)vTEP,5. PLOT? 64
IF(AA.EQ.5.IPSTEPx1O. PLOT? 65
IF(AA.LT.10.1 40 TO 5 S L026
PSTEPs?. ;Z Q LOT? 67
ExpIlo~evp OLOT? 68
G'q TO S "LOT2 69

C COMPUTE VALUE Rt.1.LEN POINIStS1Ee. OLOT2 70
4 STEP(D=RSP5T D*L.1 ' PLOT? 71

q~e2. ~PLOT? 72
00 6 KK=1,#6 Oo~LOT? 73

rtEO(KI24~kS(LI,20RKOS~tit)' PLOT? 74
6 RK2R*. V, PLOT? 75
40 WRITL (094.S) Cilfi) NVAQ(12, (HEAL(KKIKKI,161 ' PLOT? 76

ua 20 izslolob I&j iPLOT 78
A(JI 38LANK ILOT2 79
IF("OU(J.1O).k...II A(J)uOOT PLOT2 R0

So CONTINUE PLO1? 81
wRTj,~ AA PLOT? 82

C PLOT EACHI POIN'T PLOT? 8'4
1)0 100 J=I.N PLOT? 85
bxXOoFL0AT IJ-l)*OtLx PLOT? HS6
UO 10 KZa.101 PLOT? 037
A(KI zOLA.I, PLOT? 8
lFw'4OOEKIl0).E.l) AfK~zOuT PLOT? 89

l~8)OJ,)otl;.II AIKI=DJT PLOT? 90
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70 CONTINUE PLOT2 91
0O 0 l zi*NFu 4 OLOT2 92
LOCaIEFUoj)-VF~IdST()ISTEP(1l.1.)I PLOT2 93

CwAfLOC) '-LOT2 94.
A iLOC) uCt (1) IVLOT2 95

IFIC.NE.BLANIK.AftO.C.NE.0OT) A(LOC)=ASTER eOLOT2 96
SV LONTINUt PLOT2 91

IFeIUUfj9I0,.EO.IDGO TO VS PLOT2 98
WRITE4698S) A 'JL0)T2 90

OS FORMAT (25X#IULAI) PLOT?100

Go~ TO IOU WLOT2101
9V WR[TEt6*kb)goA hhLOTZI Oe
12 FOq'4AT hI2XleEIZ.49IXiI0IA1) 'PLOT2103
100 CONTINUE eLOT21 0'

kETURN ,PLOT2105
thnf eOLOT21 06
SUWROUT[Nt ,UTFER(NOTHYQEiWSE.AHCK.FIRSTI K~UTNER 2
U1'eENSwIU Y06,Y6.Y(b)FUtb)Fl(bF2()EPSE(6.A(6) KUTNER 3
CO0q4ON/OUT/N.PRLNT .NLUT#ENO '(UT4ER 4
COMMON /ACrEL I AACCL98*ACLoC&jACL~dL KUTNER 5
UATA NAeI.fA44 /e'IY192MY2 /KUfMEq 6

C F.UTMEa 7
C NO a NU4ABE.4 OF EGUATIONS. NO. OF COMPOUNENTS OF YO KUTNER 8
c T a INI)EI~tNOENT VA01*aLE KUTN4ER 9
C H4 a Ir4CREMtNT FOR WHICH SOLUTION IS TO .iE RETURNED * UR - KUTMERIO
C YO u THE VECTUR uF UEPLeNuEvIT VAWMAWES. ENTER WITH INITIAL KUTMEWIl
C VALUES AT T ANO. Rt.IURN WITH VALUE.S AT T-H KLJTMEW12
C EPSE a RLLATIVL LQQOR CRITEIQION tuR COMPONENTS OF YO *GT AeS(A) AUTMEQI*3
C A 2 AdSOLUIE ERROR SWI1TtRIUN Uk COMPONENTS OF Yo *LT. ABS(A) KuTMER'.
C NUTt-- Ef'SE AND A MUST 63E S*)t.CIFIL0 FOR. EACH C.-MbONENT OF THE SYSTE4 JuTmEQIS
C HCA x THE~ SMALLEST STEP SlI USLU IN THE INTEGQATION KuTME- 16
C FIRST SHOULO oit U OHEN KUTME4~ IS ILNTERLO FOR THE FIRST TImE KUTME.417
C AFTER THIAT FIRSI IS I IF KUTME4 IS ENTERED WITH THE SAME M OR KIJTb4E. i8
C IF 1T 1S Et4ILE. WITH A CHAIOEU M KIJTME.419
c IF FIR.ST IS 2 ThE tkROR SRITLIiA CANNOT dE MEET AND THE STEP SIZE IKIJTME420
C REDUCEU TO -tle. KlITMER21I
C KIITME422

Ig IFIRST) 2091uoeO KITM423
C -- -- - - - - - -fST ENTRY KilTME4

10 NC = H KtJTME.w?5
IPLUC * I KUTMEb.26
FIPST a 1.KklT9ER?7

C -- -------- OTriER ENTRY KlITME428
20D LOC z 0 KIITME W?9

PICX z MC KlITME.?3D
IF (MC.NE.f).) O0 TO 30 UME3
wRITE I6qdU())KLTE3

RO0 FORmAT( 54mtjTmti ENTERLD WITH ZER~O INTEGRATION INTERVAL A lUTME433*1 UST 2 e. UTmE.434
WET~qNKLIIMP35

C -- ------------ CALLS TO UAUX KUTPMEq~36
*1;J CAL 0AUA(TVY),F0) KUTME.037

IF(NNT.O.~)RL1~6,4O) OT.O FUTME.434
4.00 FUQ4AT(b(FLuj.4),4HTIf4E,!A.FIO.4) hULT'4E34

AF (NPINT.rz").'I *RiI1E(6,40UINC ATE4
34 U0 40 Ii,*4) KUTME.4'.
4'I VI(I) YUlI)#('IC/i.)*F0(I) KUlMER42?

LF(NNI.~.~Iw11E(.4O~~i~TKUTME.q.J
C KUTMER44.
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CALL OAU1X(T4MC/3..'f1,Vi) KUTMtR'45
IF(NPIRNT.rO.,I gRLTE(b9400)FIvT KUT04ER46
1)0 50 I119,40 KUTMER47

SO Vill) a 01*iC6)V@I*H/.*II KUTMER4.8
j LFNPNIT.E.'.-)*RlE(640U)loTKUT0NER4%I

C KUTME&?SO,
CALL OAUA(T*tlL/J.ofI.Fll KUTM4ERS1
lF(NRrINT.EO. )wRl1E~b'.00)t 1' KUTMEbWi2
1)0 60 lsioNo KUT04ERS3

60 V1i) a Y0(I)*EflC/8.)OF0(1)*.?76#1C*F1(lJ KUT14E*54
1VINNT.FO.~)RI1E6,'.u) 1,i UTNER55

C XUTMER56
CALL DAUX(T#MC'e.,'11FZI KUTMERS7
IF(NPbOlNT.EO.t) e0ITE(6.4O0)te.T KUT.MER58
DO 70 131.ND KUTHEQ59

10 YI~1) z Yu~./.eth1~h*~I..H.Z)KUTMER60
IF IMPRINT.IEG.i) *RITE (69400) Y19T KUTMER61

C KUTME062
CALL UAUA(T#MC*YI.FL) .UTMEP63
IFfN40INT.o.,)WRIE(640,) i r V.UTMEP.64
IJO 80 ISlIO KUTHEP65,

80 Y2f) a YU(II*HC/a..FO(1I *(d.3.OIIC*F2(II*4IC/6.J*FA(lI KUTMER66
LViNPRINT.FO.b)v~IE(6400))Y2,T KUTME'w67
INe a 0 M4UTME'R68

C -- - - - ChECK ERRUR ClLTt.RLA KUTHER69
1)0 110 131.N~u KUTME4Q7O

ZZzAHS(YI(M)-A(I) KUTMER171
LVFZZZz 8-,61967 KUTMEP072

C - - - - -- -- -- ABSOLUTE ERROk KUTMER73
8i ERR a Ad;(.e*(Yi(I)-Y2cI)M KUTME5R74

IF (ERROW-6fi)) 140.100,40 nUTA47S
C - -- - -- -- - -RELATXvE LROI0R K~UTMER76

87 LRROR 2 AdS(.ie-.2*Y2(j)/VI(I)) KUrp4Ew?7
IF(ER~OR-L#OSE(l)) 1000100#9u KUT#WEQ7$

C - --- -- -- -- S14CE ERROR .6.T. t4R CR17ERIA CHECK IF IIC.CToH/AUTMEWflV
C - -- -- -- -- IF YES THEr4 mALVt. INTER~VAL. OTHLRWISE STOP. KUTMERSO

90 A 2 I8.*A6S01C)-tdS(N3 KUTt4EQP
IFfA) 91.95,95 K~UT94ER2

'c- ------------ ROR YOU LAW6E KUTMEq83

9Z tORMATI/18v4 FOR~ EUUATION NO. 1221uit THE RELATIVE ERROR AT T x KUTMEtR85
EIS.de 4H IS *EIS.8,I4H STEP SIZE z 9EI1a.s) KUTMER#3

FIRST a .KUTME487
R~ETURN4 KUTME0J$$

C ------------- ALVE INTERVAL KUTMEQA9
9s PlC a mC/o?. KUTMEw4'0

IIPLOC 2 4*IPLUC KUTMEQ41
LOC = 2LUC KUTMER42
tlCx a MiC 'KUTMEk93
wRITE(2,7I)T, I,ERQO.#C KUTMER44

710 IfOR9AT(/dml TImE *FIO.39!)XqbHHIALVL INTERVAL. EQUATION 9139 KUTMER45
413 4AS LPQU4 .E16.8#bA,17H S~tP SIZE NOW 8 90S.5 8 nUTME49b
WRITE(2,?dto) hAMZ,(Y2fJt9Jz1ivOL) KUTME447
wRITE(2,7d0) NAML(YI(J)qJ%1,ND) KUTMER98

720 IORMAT( eA.AAe I 3(L0E13.5/1) YEw)
1)0 TO 30 KUTME I(10

C - ---- -- - ST If INTEINVAL LEN6THi CAN WE DOUdLED MUTME1

100 IF fERQO.w..d.-tPSL(I)) 11UgAlI09101 AUTME102
101 1INc I KUTME103
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119 CONTINUE KUT14EI04
C - - - - ------ UPUATE 7 AND SOLUTION KUTMEIGS

III T a T*HC KUtME1o6

00 11 IVWLC-I.21ua KUTsMELI0

Ili ACLI a VO2-ACF() F.UTMEI2I

RETUsRNC* KUTMEI22
IF0 ILCILC 29191 UT04EIII

C E STAT VET2 UT4E I I

CGAL ia F(2 KUTM121

SUNENSIN DAUX~(MFI3.1h).A3JNE(. UA'JX 10

C UAtiX 13
C ME /S4I E PAT.CIAC ~EE ISCEOUBEDNEALUTEL .FM UAU 43

COC /CUSTAT NCUECTUOQ P,4ATI',U.M(2)C A IJAUX 15

P I h RIGH.TET WAND SRMUE Of THEEUTION S F OAUX 17
i N(CJM~ UAIJX IS

REA~Li' wAEI/ MAMSZN~N9A, MZA ZEAZWAEMZ OAUA 22

1 LWTg))o(120oVe),A1N7(UZL(0).CS1 (2,0,XX OAUX 23

COMMSON /WSvE/ u0(~e0),K(0A).~C2),4W0HO),RMlOE(ZO),RK(2g), IJoAUX 13.
* R0(0),I('90,M0N(0) OAA)X 14

COMMON /CSE'T/ (1000)tw*WUGAV~RijNM14(2).C A IAUX IS

qMIliTIPSTPRILF UAUX 18
COMO /~IN/ loq8(2)9tI AUX 19

C00 NOU/P IN 9NLO =1.10 UAUX 30

COMNTA /TAS IS.J8A1~RSjA~ DAUX 21
COMMOINu /WVI DoW~EA*ZW~ZE~ZWAEM~AUX 33

CM6 COSIV(61)Z92~tCSP(1090PC6*X DAUA 3
CSE6f SIwE2 (A)) K(0#(0)RO2)tW22)wK2) DAUX 245

C...*.*SET RWALeS Of MA A0) LAUX 36

00 76 11N/UN(00 OAUX 37

00 S 0.0I:I UAIJE 36

eNTRA x 34..1 U18dCblNIO~ UIX 32

Ivi 0.0 UAUX '0
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00o lo Ju Q' 1AUK 41
PT a PTO*K(J)w%)TLtE(Jl OAUX 42
ANOX a PTOONTkAg DAUX 43
AS a A94OutANOJ(,2000,j..'99, OAUX 44
IF(AS.LT.--499.) AS 2 AS*2000. DAUX 45
LC a S*0 DAUX 46

~c aJs*5~ LAIJ 47
OXM X AS-IS DAUX 4.8
IF(1S*LE.O) IS a 2-IS DAUX 49IF(IS.6T.1000) IS 2002-IS DAUX 5O
IFgIC.LE.0l IC a e-CUAUX 51
IFIIC.6T.1000) IC z2002-IC D*UX 52
OX ft DX/PNTRAU UAUX 53
ASIN x POINT(LS) DAUX 54
YCOS a .PUI'T(1C) DAUX 55

'IASINP'T(IJI = ASIN*UX.YGOS okuM 56ACOSPT(IoJb x VCOS-DXOXSIN 0AUX 57
WR RO(J)*ACUSi'T(I~j) AX

VV= -RO(J)*K~~j)*ASINPT(I9J) UAUX 59
RI a HL.tq UAUX 60
VI avl+vv DAUX 61

20 CONT I1UE VUX 62Will R1044140 DAtJM 63
C * * 0 CGPu7E uW SUBMEkGENL. OF A POINT AND R THE WAVE DAUX 64
C HW(il IS IN THE FIXEU COORUlNAYE SYSTEM4 DAUX 65

"Will X X(i)-E( I) *SX6*N( I)*CXb-P(LI IlAUX 66
IF(IuWl.GT.0) GU TO 65 OAUA 67C CQAFT IS NOT SUBME..GLD OAUE 68
MAVE) x Q. iJAUX 69
a1(I)SO. DAUX 70
dill a 0. IJAUX 71
liD To 75 (JALX 72wi Vill x VI*'4AMP UAUX 73

C t ) a t4Wt) (C16-Vll *Sxb) IAJX 74
C0(1) IS IN. THE BODY AAIS SYSTEM AND IS THE SUBMER6ENCE UA'JX 7S

IF4OfI1.GLt.TES1(I1) GO TO 10) 0AUX 76C CQAFT IS fARTLY SUdLGEUi DAUX ?7
dill 0 (1h.(I./TA)*PIH OAUx 78
d1(1) SD(T)*(1./TA)*PIh UAUjX 79
MAg!) K AR.I'n4LF.4(I).e(Il UAUX 80
(20 to 75 OA1iX 81

C CtIINL IS IMMERSEU IJALX 82
C dl ARRAY IS USLU FOR TH4E INTEGRALS OVER THE PORTION UAUX 83C Of THE~ MIULL FOR~ WHICH THE CHINE IS NUT IMMERSED VAUX 84.70 14A 11) =MAXt 1) DAOX 85

8(I)N(I)OAueX 86
81(120 iA~jx 9775 CONTINUE DAuX 84IFqNIP4J.LT.4) OU TO 85S OAUX 89

w.RITE(697..1TImt L)AUX 9074 FOQ4AT('* TIMt 0o"Flu.o4) L)AUX 91WRITE(6.76) (X41)912190) DAkIA Y2

wRITE (69714) ( P(I),Is.NU) aJALI 9?

4;
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7? FORM4AT (10 qh!)"1Q1O.4 UAUX 100
?f FQOl44T (I iWL)"slF10.4.) L)A'JP 101
7-0 FORMAT (44 H144 1900.4) QAUX 102
80 FORMAT (11 V(Ill",1UF10.4) UAUXJ 103
41 FORMAT (,, nl*1u01.41 iAIJX 104
84 FOQ44T'* MAIL) '910F10%4) DAUX 105
a4 CONTINUE LOAIJ 14)6

C * .DADF AgJ 10?
C 0CMUL fANFLAND THE ASSOCIATLO IN7ER6ALS OAUX 10B

CALL FUNCYIX) U4Attx 1o'
C VAIJA 110

IF(NPINTL.'.)GO 10 17 DAUX III
WR1TE(6ilbt TX-tFLOQAGTZWvtALvXD#TvXP UAUX 112

15 FOR'4AT(lo **.j~ld.bl OAUX 113
It CONTINUE DAtjX 114

C * * * a 0 OMPUE THE F VtCr0.N OAUX 115
Ftl,1) aTX*FL*SX6-DRAG*CA6 DAUK 116
FI1oI)sD.v UAuX 11?
F4291) aT7*FL*CX6+DRAG*S6.i DAUX 118
F43, 1)sNt.-*G'POL)*lXi VAIX 119
IFcrJPwINT.LT.3)tiu To 18 UAUX 120
WRfrE(6%LUjl(P41.11 ,I=L*31 OA9JX 121

10 CONTINUE UAuX 122
C 0' * ..0 C010iIUTE THE A OATRIA OAUK 123

A(191) a M*ASSSXSXb UAU)X 124
^(Joe) a OA4SOA6*CX6 OAIJX 125
£4193) * IA~sb OUxU 126
441.21 v 0. i)ALX 127
AZI931 a 0 O*AX 128
A4ZIJZAUA.2) L)AtJ 129
A(2%21 M*MASS*C06'CX6 UAUX 130
A(293) s -)AOCAb L)AIIX 131
A(391)2A(1.3) OAjx t3e
Af3*2)xAfe*3) (Mix 03
A9393ISIT*14 0A'iX 134
LF4N.R1t4T.LT.3)5i0 TO 25 LiAU. 135
WRITE(6,12, IA(1.1.t,13) OA'jj 136

WRTE(6,14) (A(1q3) .1:1,3l DAUX 138
Co * * * 0 * INVtQT TN'E A M4ATIX OAWI 139

Z2 CALL MATINS(A.J,3.F.1,1,DETtbm.IDXNEXI L)AUX 140
IFf~f).EQ.e)WR1TE(tp*2P 0AUK 141

26 FORh9ATII. 14AIRIA IS SIN1OULAO **) DAUC 142
C******A ON ,QETUON wILL CONTAIN TrIE INvENSE MATRIX OAUX 143
C [0=2 MATRIA IS SIt4GULAQ DAUX 144
C =1 INVERISE. WAS FUUNG DAUX 145
C UAtX 146
C 40***'*COM'Ut. THE R16Hr HlAND SIOE DAIJX 147

kHSc1j =ff1.il OAUX )48

kfi (.0= 00) DAtJA 11.0

wistil% 0.0UAUX 151
kric.(A) v AM(j UAIJX 152

kesi a ((2) UAUX 153
NHV8) a x3) UAUX 154

12 F OR-'AT 1 AIllo) *',3f2X.L1e. 4 )) L)AUX 156
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*130 IF(NPRINT.LT.e) Gu TO 4.0 UAUX 159
wRITE(6*12) (A(191)9.12193) DAUX 160
WRITEc6913)(1~,u. OAUA 161
WRITE46914.) (A(193)913103) DAUA 162
wRJTE(6#313 (RmS()q121.6) DAUX 163

31 FORA4AT0 QRiS(l) '.6(2Xot1d. 6 )) UAUE 16'.
40 CONTINUE OAUX 165

RETURm4 (AJX 166
END OAtiX 167
SURROUT INE FUNCT (A) FUNCT 2
WEAL KAR FUNCY 3
REAL 1A9IAA,1eARTqKPIslNA9NASS9N FuNCT 4
INTEGR LN.) tUNCT S
OUt4ENS10'N IPAkI(Ie0)vCI(I0),(.2f1U)9 FUNCT 6

4 j1l(le0O).)2(2)Dj(e0),U4E12O),Di(120).O6(120). FUNCY 7
QPAR1(1e)ZtleU)L2ie0).L3(12).Z4IlZ0).ZStIe0), FUNCT 8

* 6Ie0,qZ71e0u FuNc;r 9
S X(b)9VAAA(I20) FUNCT 10

C FUNCT 11
COm4!4N /SIP/ MASb.c LT4TQALE.CE2,cE3,DMUEO4UE2UN4UE3O)MU.bF.9o4MFUNCT le

NLvFL*IA9E(I20) FUNCT 13
COp4Om /CU%STi NC0.vEC(.j.l1OIRRPU(jwAvTYR0NUM,4A(12O),CD.TA, FUNCT 14
* ti(2U)dbLTAHW(1e0),TZ,0(AUi.WADT.XP.M.1T, FU4CT IS

1 OELTAt7AEST(12O).IKAbRMMAA(Ie0).TEST(12O). FUNCT lb,
*N(ldO) ,PMALF FUNCT 17

COM40N /114/ a,.4dU) .81(120) ,VtLIN FUNCT 184
CON'40N/OUT/N.PR NT .NPLOT .ENO FUNCT 14
CO#44ON /wAvEl/ LNA.ZWNAENAS.LZWMA,2WEAZiNAE2t4AZ. FUNCT 20

1ZwL)T(12)AS1NPTEleUeO),ACOSPT(120.e0),CX6,SX6 FUNCT 21
COM440N /WAVE2/ uU(eO)oK2U'.CI20),aU2)RW2(0)RA(20). FUNCT 22
*RO(20)9R*K~eU).M.'*,S(20) FUNCY 23
C0.44ON /INTER/ IITTfI0)9DLFP(IU) FUNCT 24
(.Q44NTRNS~/S1 ART 9RISE tRAMP9 FU4CT 25
C0.4MON /Tt.ST/ VM~A FUNCY 26

C ***.***.**INIrIAL-ZL INTEGRAL SUMS FuNdCT 27
MASS =0.0 FOJNC 1 28
QA z 0.0 FUNCT 29
IA a 0.0 FUJCT 30
CE x 0.0 FUN~CT 31

LE 0.0 FUNCT 32
M 20.0 FUNCT 33

LDMU2U.0 FUNCT 34.
EZO0'U a 0.0 .FUNCd 35
L3O4'i x 0.0 FUNCT 36

bf= .0 FUNCT 37

ZMA z 0.0 FUNCT 39~
ZWM4A z 0.0 FUNCT 4.0
LMAS 2 0.0 FUNCT 4.1
ZZw-4A a 0.1 FUNC7 4'2
ZvIENA 2 U.0 FUNCI 4J3
12,d4A =0.1 FUNCT 44
L.ZmAZ a U.0 FUNCI 45
VPART z XII).S104(A(6))*XCd)*CU((b ) f IUCT 46

C *** * SkT UP~ FUNCTIuNS FOR INTEbRALS F U14CT 4.i
U0 90 1210.4kM F UNCT 48

iPA-T (1 zt 1)*t (1) 0A IFUNCT 49

ZVOT = .0 FUNCT 51
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uwoT a 0.0 VU4Cy 52
UROr a 0.0 FUNCT 53

o~E .0 FUNCT 5S4
ANE a Jj(N1I*C6-E(bESxb) FuNCT 55

fUO 15 j= 1.10 PliCT 57
lWoTT v -.ioO(J)ASNPT(I9J) FU*4CT sd
ZWO1  ZuLOT42*0L77 VU4.CT 59

U~T -k402(j)*ACOSPTfI9J) FUNC7 60
UWOTy a Owi.7*Dwu17 FuNCT 61
URDTT 2 -6KlJ)AS%PT(Ifj).(tl).LtJ).A(4) FUNCT 62
UI4DT a 0bRUT*O.RTT FUNCT 63
DwOEE a -RW~lJI*ACUSPTIJ) FUNCT 64
uviDE a wUE0DaUt~ FUNjCT 65

IS CUNTINuE FU'dCT 66
LOT(t) = ZI*APFU4CT b7
UWDE = wE"m FUNCT 68
URDY 2 DUUT*RAMP FLJNCT 69
U a All)*C b-Jxd) *5Af*ZwDUT(1)*S~b FUNCT 70
VEL 2VPA.k7-A c 31 (I)-Zw0UTI I*CXb fUA4CT 71
Z1(1) a AA(J)*IADUT (I) FLJNCT 72

12() a14A11U0T914PFUNCT 73
13(1 8 .(1'lt(1)FUNCT 74.

Z4 (I) I Ef.()*LIIf) FUNCT 75
Z5(1) 2 $AII)tu*DwOE FUNCY 76
L6(I1 2 LfI)*Zj(1) FUNCT 77
Ztl) a MA(It)OvELU FUNCT 78
IF fVEL.LE..Q.) 60 TO 60 FuNCT 79
If (t3L(LI.LEt.U.') W0 TO St) FUN'CT AO
U1II a V~t41 I p*(XZ2-XNEo-URUD! FUNCT '31
00O TO 51 FUNC7 82

SO v1(1) 2 0. FUNCT A3
SI CONTINUE FUNCT 84

Cl(I) = VtL.*VL*4() FUNCT 86
C2(1) = E(!*c1(t) fUNCT 87
WO TO 61 FU*4CT 918

60 U1(I) x0. FUNCT 99
U20l) A U. FNT9
Ci (I) r-%. FUNCT 90
c(e (1) 2 0. FUNCd 92

6L CONT1NuE kUNCT 93
U3(1) = MA(I)*UW~0L*VEL FUNCT 94
u4tt) % Emuit1 FUNCT 95

PI42P112. FUm4CT 96

90 LUN4TI NUE FU'NCT 199
krl0~HH~1G;0'AV T Y FUNCT100

PPIz KQ*P FUNCTIOP

C EVALIJATE 1I4TFGiRALS USING TPAP MtTN~i) fUNCT103
I a FUICT104
INoEx a UNCT10S

91 CALL 1IAP4A(1NUEX.E)FFt)'TII).TdASS) FUNCTIQ6
LALL TRA~I4'IARuI1.4DEA)UIFF(l).KTTI1),OA1) FUNCTIO?

CALL TROCiiuXDF(1oII)LA FUNCTkU4

CALL IPA-1!PA4rF(1tUEX) ,UIFF(1) ,rTTl),IAA) fuNClIo
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CALL TRAPIDI(ItUEA),DIFf(I),PITII.OM1UA) FUNCTIII
CALL 7RA #(I)(INJEXIDIFF(II.KTT(1),LDOMUA) FUNCTI12
CALL TQAi'C3NL)DIFF(I,,TTtI),E2MUA FUNdCT113
CALL TRPn(NE)0F(IoT~)tD4A FUNCT114
CALL TRA6()5(Ik.A)0FF(I),KTT(IIBFA) FUNCT11S
CALL TRA~(fl6(LNIE)AIDIFF(1),KTTI1,.ed4w4AJ FUNCTAlb
CALL TRAP'(71(1NUEA).oIFFc1,,,Krr(I,,LMaAA FUNCT117
CALL 7RAII7Z(INOEA)9OIFP(1),IKTT41,.ZWMAA) FUNCTII8
CALL TiRAI73UJUEAIOIFFEi).KTTgI,.LM4ASA) FUNCT119
CALL TRAV(4NUEA)DIF()KTT().ZZwMAA, FUNCT120
CALL TRAPAlNUEA UIFFL)KTTILWEMAA) FUN~C7121
CALL TRAb(Z64IUOA),OIFF(II.KTT(I),Z2WMAA) FUNCT122
CALL TRAP( 7(INOEAIDIFF(I),PCTT(1,.tEMAZA) FUNCT123

C FUN~CT124
93 CONTINUE FUNCT125

MASS a MASS * 74ASS FUNCT126
W A a QA * Q FUNCT127
IA aIA * IAA FUNCT128
CE a CE + CEA FUNCT129
CE2 x CE2 CtieA FUNCT 130
UMU a OMU D MUA FuNCT131
EO'4u a EOmij * kU#4UA Fu4CT132
L20M4U x Ed*M EdUPUA v~FUNCT133
E304U a L30MU * E.$OMUA FUNCT134
bF O F * -HuGtdFA UCT3

9Mb' o * RnL6b*mMA FUNCTI3b
ZMA ZMA.Z'4AA FUNCT137
ZWMA a ZWMA*Zw'kAA 4\'J 0.j FUNCT138
EMAS z EP4AS*EMASA ' ~ ,FUNCT139

LZW"A a ZZ4MA~lZWM4AAN~., FUNdCT140
ZWE04A x ZwEo4A*ZvEMAA FUNCT141!
Z2W4A z Ze-4HA.lWAA ,y' FUNCT142?
tA4Al 2 Ee4AZ.k2MAZA ~ ~ FUNCT143

94 CONTINUE FUNCT144
IF ( I.GE.II)t6U TO 92 FuNCT145
INDEA a INl'EX.FTT(1p-l FUNJCT14.6
I a 1.1 FUNCT147?
60O TO 91 FuNC71'.8

92 LONTINUE FUNCT149'
C FUNCT 150
C * *****CALL COf4PUT TO FINDo THE VALUE OF NL AND FL USING FUNCT151
C THE VALUES OF IhE A80VE INTE(3wALS FUNCT 152

CALL COMPUTX) FUNCT153
C FUNCT154

IF(NPRINT.LT.4) GO TO III FUNCT155
IF(NPRINT.FO.J) Gu TO 108 FUNCT156
IF(NPRINT.ko.')GO TU 10e8 FUNCT 157
WRITE(6o471 (DlARI(I)IIvNUP41 FUNCT158

WRITE(6.99) (CIARI)a,J2U4 FUNJCYi60

WRJTtE(6999'. (UJ(I)OI1,POtJM) F UNCT 16'.

v)RITE(6*103) (U2(1),IzItNDMI FUNCTlb3
WRITE(691043HZI(I,INUM4I FUICT1,-

WRITE(6q11.p(ZI(lIa1,tqU4) FU4CT168
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wRjTE(6.1's)(l3(D.1uIvNJMg FUNCTI7o

wQI'E(b9Ie1) (Z1(I)9I=IvNU4) FuNcTI73

WRITE(6.1lI.HOG*PIH FUNICTI 7o
10d dRITE4691U9) MASS9CINT9QAvCt9CE2*CE3 FUNCT176

wjTE(6s1211 [A FUNCT 177
121 FOQe4A~f* IA *9E1O.4) fuJCT1 78

w I TE Ibe11) DUEOMU*EaMUL3MUt5F 98M FUN~CT179
WRITE(6911 ?)LMAf4A.L'~EMASZZMA2dtP4AIiZMAE24AZ FUNCTIRO

96 FORMAT(of CPAHT(l)",l0(2X9El0.4)) FUNCTIBI
91 FOps4AT (04 JPApoi1I,1'U(X9E10*4)J FUNCT 182
9d F0qP4AT (10 qPARI(J)6,10(2X9E10.4fl FUNCT183
94 P ORAAT (1 CI ',10(2X9EL0.4)) FUNC7 184
100 FOR 4AT (1 C2 ". 10 6A 9E 10.1. 1 FUNCT 185
101 P JI~mk7(is C3 410(2X,El0.4)) FUNCT186
102 P0R'4ATv" ')1 1110(2xvE10.4)) FUN4CT187
103 FOR'4ATg' 02 "910(2X9E1O.4)) FUNCT1R8
104. F~OR1AT (11 ') "9I0(2XEIU.4)) FUNC.TIR9
I10~ FUQMATg" 'l 04 10(2XtE1O.4)) FUNCT190
10b FORMATIV' 05 '1012XtEIO.4)) FUrQCTIC41
112 FOR4ATg* (0r)6 "9I0(2AEIO.)) FUNCT192
10? FURMAT(O" iKPp4 *'.EI.49114HUG *19EI0.4t" PHIN 119EI0.4) FuNCT193
104 PURM4AT(" 4%S~q 'I.E.0.4.61 CINT d,9EIO.49,N QA ".ELU.4911 CE o',s.10.'.. FUSCT194

000CV2 *t~lU.'..' LEs 11,E1O.4) FUNCT195
110 FOQ4ATVI 04U 'QtI1U.4'* EDMU 1".E1U.4," E20MU "eI10.4," E3Omu 41, FUNCT196

*LO 911 *'.EIu.4911 8MM4 *,L1U.'uI FUNCT197
113 FORMAT1'.ti 71 910(eEE1.41) FUNCT 198
114. I'ORAT(4I 72 910teElO.4)) FUNCT199
115 POqMAT (4H ?3 9104extE1004)) FU4.CT200
116 PORMATj4H Z4 910(exElO1..)) FUNCT201I
118 DR044T (4Hi 75 910(eKEIO.4)) FUNCT202
114 fORMAT(4H 76 oLU(exEL0..l) FUN4C7203
120 t OqaMA 7 4m 77 ,AU(eX9E10.4)) IFUNCT204
III f OP4A T Cri ?M4 9tLU.49bH 20MA ,L1O.4,6H 1E.MAS oE1O*4, FUNCT205

* M~ ZZW'4A ,EI0.4*7m ZihMA .LIU.497Ht ZZWMA 9EI0.'., FUNCT206
*7-4 E2mAZ 9EIO.'.) FUNCTO7

iii CON rINuE FU'4CT204
wETURN FUNCTe09
END FUNCTelO
SU44OUTINECOU X COMPU opl 2
DIMPNSION XUb) COMPUT 3
REAL KARoiKP1 CO.4PUT 4
REAL NLoMAS59MA COMPUT 3

C CO4P t)
COMMON /SHIIP/ MASS.CINTvOACECE2.CL3,L)MU.EDMUE2OMUE3UMURF,BMM.COmpUT I

*NLVL9IA9E (1i0) COP4PUT 8
LOmION ,'CU~qST/ NC4.,ECG,09UR1,kPO.GRAVTYRNUNUM,MA(120),CDTA, COMPUT 9
* Mr2u),1tA.HWE~e,,1ZL)'AU9ADTAg.'MolT, CO'sPUTIO

1 OFLTAS.TAEST(12U).KAi~mMMAA(120),TE5T(120). CO'4puliI
* mtlie0.PriALF COMPUT 12

COM40N/OUT/NP-SINT ,NPLOT4ENO COAP'U1 13
COMMO0N /TLQ4S/ I Is 72 9TJ 4T 4 9Th TT 7 9Td CUMPIJT14.
COM4MON /wAyE1/ ImAobMA.EM4ASLZWMA.ZWEMAZ??4AE?MAZ* COMPUT15

I )T10tSNW(2eOqCST~et~o~gX CO'4PiI11
COMMON /TLST/ VMA C04PsUT17

C COM4PUT I It
C **..***.SLI PAGES 790. ANLI 9 UP NUTES LOMPUT19
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CX6 8 COS(X(bfl CO&SPUTZI

SX6 aSIN(X(b)) COMPUT22

PINe a P1/ 2.0 COMPUT23
KPI 8 KAR*PI C014PUT24
CONSI a CX6 COM4PUT25
CONS2 a (PI*PRhO*I4/TA),*CXb CMU2
CONSJ a CA6*SXO COI4PUT27
CONS4 a CA6*CXO COMPUT28
TER41 a A(1)*CXb COMPUT29
TEg'42 a X12)*SAO COM4PUT30
UV.mUM a (X(I.LCA6-(X(2)-ZOUr(NUMI)eSX6)0 COMPUT31

(X(I'*SXb-X(3)*E(NU.U+(XZ)-ZOOT(NU)hCX6) COMPUT32
C COMPUT33

Z'4A W ZMA*XI3)0*,A6 COMPUT34
ZZWb9A aZZ.04A*A(3)*SX6 COMPUT35
ZWNA aZwm&*CuNSI COMPUT36
IMAS a E'4ASOCONSI COMPUT37
UNi) 2 DMU*CONsg C04PUT 38
EOI4U a EJM)Mp.CJKS2 COMPUT3I
CE a CE*CU.qrlJ COMPUT40
CE2 m CE2CDPRhU COMPUT41j
E20'4u a EenmU*LONSJ COMPUT42
E30MU a tJDMU*CUNSJ C004PUT43
ZWEMA a ZwEMA*CUNS4 C04PUT44
Z2w4A a lewMA*CUNS4 Ca'IPUT4S

C COM4PUT46
20 TI 2 (A*A(3)*(TERAI-TER42I COMPUT41

TI a Tj * ZZWMA - L'4AS COMPUT4.8
a2 Eomu COMPUT4&9

T3 z CE2 C04PUT50
T4 a CAN~*~tU)UNM*E4KAZ E30%Ui ZZW4A 8M C0'4PUTSI
NLI = TI 4 T2 * T3 + T4 * dM14 COMPUTS2

TS a MASS*XI3)*ITtQM2-TEkm) OPU5
TS z TS * IWM4A - i'4A CO14PP)154
T6 a -OMU COP4PuT5
T7 a -CE COM4PUT56
T8 a -MA(NIJMI'UVNU4 - E2049U *ZwE'4A COMPU1T
OF BF/CXN COq4pU5s8

C COMPUTSY~
FLzTS*T6#T7*T-sF COMPPJT60

C COP4PUT61
IFfNPRINT.LT. I)GO TO 30 COM4PUT62

25 CONTINUE COmPtJT63
WRITE1691U)NLoFL CO"PUT64

10 FORMATI"l NL 2 *0.EI2.691' FL m 1.)COMPUT65
30 WETtJRN COMPUT66

ENO COa4PuTb?
SU94OUTj&E I~ie-r INPUT 2

C.* * 0. 0 DEFINITIO)N OF 1NiPUt VA8ALES INPUT 3
C XA a INITIAL TIMEINU 4

C XE 2 F1'4AL I mt INPUT 5
C 014IN a MINMU~tM STEP~ SIZE INPUT 6
C PIMAX a NAAIMUM STEP SIZE INPUT I
C t.PSEa QLLATIVL Em4OP CP4ITE!EIUN USED) FOR VALUES Of Y OT A INPUT 8
C EVS a kLRRO.Q CRITtOuIUN IN KUTfl. INPUT 9
C A s ABSULLtif tawfIUQ CRITERIA USED IN KUTMEQ INPUT 10
C 14PQINT a 1 FIN4L PRINTJOT INP'UT 11
C a 2 'laTQIX INVEeNSL 'ATRI~oF COLU04N MATRI~gAND KuT'4EQ INPUT 12

_________
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C RESULTS INPUT 13
C 3 INTE64AL VALUES INPUT 14
C 4 4 CALCULATED VALUES-CONSTANT FOR GIVEN INPUT VALUES INPUT 15
C NPLOT a O NO PLOT INPUT 16
C a I PRINTER PLOT INPUT 17C END a NUmBLA OF RUNS INPUT 18

C INPUT I
C N • MASS OF CRAFT INPUT 20
C W a WEIGHT OF CRAFT INPUT ZR
C TZ z TH.UST CUMwUNENT 14 L UIIECrION INPUT 22
C TX a TRUST UMPUNENT IN X UIPECTION INPUT 23
C XECG = DISTANCE FRO% CG TO CLNTER Of PRESSURE FOR NORMAL FORCE INPUT 24
C XP a MOMENT ARM OF PROPELLEk THRUST INPUT 25
C XD x OISTANCE FROM CG TO CENTER OF PRESSURE FOR DRAG FORCE INPUT 26
C KArl)z ADDED "ASS COEFFICIENT INPUT 27
C AN ARRAY GIVLN THE VALUE KAR wHICH IS READ IN INPUT 28
C UM(I1 x ,EAM AT FREE SURFACE OR AT CHINE INPUT 29
C URAG z FRICTION DAG INPUT 30
C K a WAVE NUMNE4 INPUT 31
C RO x WAVE HEIGHT INPUT 32
C NU z WAVE SLUOE INPUT 33
C NU4 z NUM4ER 4P STATIONS INPUT 34
C 9L 2 BOAT LtNGTH INPUT 35
C LA0BA Z WAVE LENGTH INPUT 36
C RG a RAOIUS OF bENERATION IN FEET INPUT 37
C T a PRUPELLLU ThRUST IN LHS INPUT 38
C GAMMA a PROPELLER THRUST ANvLE IN DEGREES INPUT 39
C OELTASxSTATIUN SPACING IN FEET INPUT 40
C ECG A LONGITUUINAL CENTER Of GRAVITY INPUT 41
C NCG a VE4TICAL L(j INPUT 42
C dETA(IJ : 0EAO RISE INPUT 43
C NO(l) a HEIGHT OF %EAN BUTTOCK INPUT 44
C RHO s UENSITY OF WATER INPUT 45
C URAVTY a (QaVI1Y FI/SEC*02 INPUT 46
C OPR a OEGQEES PER RADIAN INPUT 47
C pPU s wA')IAS Ptq DEGREE INPUT 48
C P1 a J.14I . . . 9 * . INPUT 49
C EST(I) x STATION PlOSITION INPUT 50
C START z START TIME UP THE RAMW FUNCTION FOR SEA WAVE INPUT 51
C RISE a DURaTION OF THE RISE FROM LtRO TO ONE OF THE RAMP INPUT 52
C INPUT 53
C * * * . * * * * IC OPTIONS INPUT S4
C INPUT 5
C ICII) al USE WAVE Z DISTANCE IN COMPUTING LIFT COMPONENT INPUT Sb
C OF NL AND FL INPUT S7
C INPUT 58
C INPUT 59

REAL IT*eK4.MAMMAXtNU.NNCONUMASSNLIA.AR INPUT 60
INTEGER EN- INPUT 61

C INPUT 62
C INPUT 63

COM4ON /CUNST/ NCbECGtPI.D'RtRPDGRAVTYgPH09NUMMA(I20),CUTA9 INPUT 64
6(Il2u),t.T ,MuwilO).TZO4A GwXD.TXPM,IT, INDUT 65
1 DELTAStTA.EST(I2U).%AR.MMaAAI 0).TLST(I2O) INPUT 66

th(lIOUiPHALF INPUT b7
COMMON /SHIP/ PASS*CINTOA.CECE2,CE3tOH~t)EoMUtE2DMtL(E3DMUSF,9MM91NPUT 68

NL*FLqlAqE(Ido) INPUT by
COMMON /IN/ HM(L2o).81112U),VELIN INPUT 70
COMMON /INP/ NG(IU)eXA tMAAXtHMIN.A(6lEPS(bI INPUT ?I
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CONMON0OUT/NPI# I NY ,NPLOTvEND INPUT 72
C0OMMON DACCELI AACCL*BWAC6*CGACLvdL INPUT 73

C INPUT 74
NAmELIST/MgSP/ANPNINTNPLOTEND*W~wLotZTX.AECG*XPMD9 INPUT 7S

aOR4G,RGT.GAA.4kEC.NC.KAR4U4eETA.EST INPUT 7b
qX*Eh44"A9PwEI INPUT 77

C INPUT 78
UATA A ,.OU1,Utoi.OO0I,.1,..hO01,.000O1/ INPUT 79
DATA NPRINT,NI'LOT,ENO/IvI#I/ INPUT so
DATA WMLTZTAAX.CGAP.XQURAG.RGTGA4NA. INPUT 81

I LCG*NCG*rsaw /Lb.v3.,290U*0.. 2b92*0.09 INPUT 82
202. 500000.1004I INPUT 83

DATA NUM*@ETALST t77,20*09 INPUT 84
S O.UO0O,.31e),t.Ob250..Q9itb.1O"0.1625,.lS~0.2lS?t~, INPUT 8S

250009o.28lebooJ1250.34J7be.31500,4062b*,43750*,46875, INPUT 86

* ~INPUT 88

* .ub2b0.I.jet~0u,1.1875U.A.,00iOu,1.J1Z5, I.375O0.L.'3?S INPUT 89
* ~INPUT 90
* 2062.2.2~,.18S,2d5,.3I~.35.2437.2..Z.62~2.65,INPUT 91

~ I5..1w~, INPUT 92ii* 3.25009l3l1S ,Z.373.4iIzl,3.tJ.6b2,3.b2S,3o6875,3.75 .4 INPUT 93
DATA XA*Xt.,MMIhq14'AX*EPS /0.O,20.Qi,.0e59oIq*I5/ INPUT 9'.
DATA VELIN /19.62/ INPUT 95

C INPUT 96
C ***.*0**REAl) IN AND wRITE OUT KAJT0ER PARA04ETERHS AND PROGRA04 INPUT 97

C OPTIONS INPUT 96
WEAD (S*HSF INPUT 94
ivRITE (6,MSP) INPUTIGO
v0 10 [=lift INPU7101

10 EPSE(Ij x FPS IMPuTIO2
C INPUT103

C ** **StJ UP CONSTA&%TS INPOU7104
PI 3.I4'1~ebt35d# INPUT 105
GRAVTY032. 1$ INPUT106
uPqa57.2'4S?79til30 INPUT107
NpDx.0I 7]b2ve'Iq tNPUTIo8
IF 1EST(NU4?*L7*8L) STOP 3 INPUT109

C INPUTI 10
C COMPUTE NO ANO 4M AROAYS INPUT III
C THIS IS FOR 51I-CIAL 80a FOQ" ONLY. CHANGE PROGRAM INPUT112
C THR0 SIATEMENT 32 FOR NEW BOw SHAVE INPUT113
C INPUT 114.

UO 32 IuINiJM INP-:T I I
IFIEST4I,.GE.0.fS1 GO TO 30 INAUTI16
I'40(IXUO.4687)(I.OSORT(.ST(1)/0.JV5I(EST(II#O.76Io*2.0II INPUT117

tiO TO 32 INPUTI114
30 N0tI)z0.O INPUT120

0"(1) x 0.37S INPUT121
32 CONTINUE INPUT122

C*00*0e*COMUT. C0UNSTANTS AND INITIALIMt ARRAYS LNPUT123
M*W/CHAVTY INPUT124.
Ri4Q21.99l INPOTIls
I T.'4RG*kfu iNPOI 12b
PNALF a (0112.1.Hno INPUT127

C INPuT I ?
uETA z BET&*eu INPUT 129
CU COS(dFTAI INPUT130
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TA *TANIOETA) INiPUT131IiUo O 60ISk.NUM INPUT133
t~)a ECO-EST11i INPUT133

N(I) 8 MCG.NO(hl INPUT 134
MMax(I) S I(AR*0HALF*8M(II@S(I)INUT3

T~sTl) a(2.e~lI*TA)4PlItPUT136
6@ CONTINUE INPUT137~

SUBRUTIN PLUTER (FX9AA9fl4XvSIqv0T) PLOTEW 2az

C~ A ITI.ALOAt4T.##4X 3.C

C INTEGE EN LOTE'R14

C X A W IMENSIONFIOO.I12NA IN,0 .NVA(ll PICIAN'LOTERil5

COME~t VLUE AT ACSTIM Sa~,C.~,I4ep)GATEPNUMIA1O)C.A PLOTEQI16

c X INIASTIALESTIMEANMA~h0.ES2 PLOTER O
c 0414A TIE PNTRAL* OTM04XITRALBTENPOE

CC44NOTNP FAN V,NLOES NI)E

C PLOTERII

r4Uc P'LOTERIZ

REAI21FX(2AJd~MM9MAvv PLOTE'I13

tINTEGER EdIl PLOTER14
C PLOTE3IS

C ) G II PLOTE.R32
COMMON /CUST.I N(tiJJFGPINDPllzFavOATiIlUeM(20oD PLO TER 18

IFFI2h DLTAS'IJNJ JFMIN)euAeI)(2)*ET(2) PLOTER20
IV1FX2,I)GT.FMHtd)FMA~~nXd PLOTER21

20 LONNU/PITNPON OLOTER22
C ,PLOTE3

r4DCOFUE iPLOTE.253

F MA1 Nf11 MA 0 LOTE42Q
fN(2)=I(oM P1CMELO1E'4'I
NIXl~F~ll P LOTE'R29
tAuXA2mA2I VLO)TEQ~30

WEUC PLOTEP31
UO 20 Is.Is LOTE4327

SUCFXTINiL T.41iFU.NPSII)=S) POT03
C Fffo)G.4XIIMKLz~~l POTE 34
C NIF'UTS )L~~ii2)FIt)=Xgl PLTR 35

IFIX491)GTFPA~l))M~ie~~xe~) POT53
200____ kjNI POE3
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CF ARRAY OF FUNCTIONAL VALUES OF THlE INTEGRANO TRAP S
C DX Tnt. X INTERVAL ILTWt.LN VALUES TRAP 6
C NPTS Tnt NUMBER Of' VALUES GIVEN TRAP 7
C OUTPUT: TRAP a
C ANS TnE VALUE OF TME lNTt.GRAL TRAP 9
C TRAP 10

DIMENSION1 FINITS1 TRAP 11
A14SuO.0 TRAP 12
1FgNPTS.LT.2)IiU Tu 999 TRAP 13
UO I I1.N1PTS TRAP 14

I ANS*ANS*0 III TRAP 15
ANSwDX* (ANS-O.b*4F (1) .FEMTSJ I TRAP. 16

999 CONTINUE TRAP 17
RETURN TRAP 16
END TRAP 19
FUNCTION RmqP(ToSTARToRISE) R04P 2

C *******TIS FU%.CTION IS USED TO GRADUALLY IMPLIMENT THE WAVE RMP 3
C POMP 4
C T CUjRRENT TIME Mp s
C START 1huE 10 START RAMP FRUM 0,0 TO 1.0 RNP 6
C RISE ThE LENGTN OF iTi. RISE FROM 0.0 TO 1.0 RM4P ?

1.0.0 100P 9
IFtTvLToSTAPT)(sO TO 99 RHO~ 10
IFtRISE.tJ.0.0)0O TO 80 I.MP 11
TOP. T-STA14 t 4p 12
uia.O -imp 13

IF CTOV.LT.RISESIIZTUP/RISE IRMp 14
60 TO 99 RHO is

&F(T.EO.STftRT)h=0.5 RHO 17
99 914PBH O~mp is

RETURN RHO 19
EN0) R1 20
SUSROUTPINE SEAwAY SEAWAY 2
REAL K. SEAWAY 3
COMMON /WAVE2/ uO(20),K(20).C(e0,.RUO(20lRWO&(20I9RK(2039 SEAWAY 4

SR0(2UI#ka.((2U),flIMS(20l SEAWAY 5
C04'40N /CUNST*I NCGECG.PIOWqRU9RAVTR4~)NUM.N4Ali0).CD.TA. SEAWAY 6

Bt1200,ak.TA...I(12UITLID'AUWA~OTEP.M.iT. SEAWAY I
1 DELTAbTAESTcI2UIKARoMMAX(120ITLST4A20op SEAWAY 8
4b N(I201,PlALF 'SEAwAY 9
RtEAD (S980) ii EAwAYI 0
WRITE (6991) h SEAWAYI 1

80 FOuQ4AT 401VlO.4) eEAWAY12
90 I'ORQAT (274' SIGNIFICANT wAVt. tEIt~flT * E10.4,2XoSN FEET,//) SEAwAY13

'IROOT a SORTim) SEAWAY14
WN z 2.2lbNRUCr SEAWAYIS
*oil) a 75* * SEAWAY lb
uO(2) a wN SEAWAYI?

WO3 1.1830%4 SEAWAYIS
WO(4) a 1.4O3b*wN SEAWAY 19
40451 a l.60l1.oP4 SEAAY20

w *6 1.79SJ.gN SEAdAYCil
*Oqli a Z.f03 sw%. SEAWAYP2

*Od 2.19414aN SEAOAY23
00491 a 21I'"iN SEAWAY24
000) z 6Ci SEAWAY?S

Ro1i a 0.I3b.*fl SEAWAY2t,
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R1)a U.16blell SEAWAY??
MU141. a 0.130ee'n SEAWAY28

Nt)a O.Oq9arl SEAwAY29
QOWa 0.0j1*e. SEAWAY30
NO u.0604000 SEAWAY31
Nt)a 03ertSEAWAY32
iO()a 0.30nSEAWAY33

RO(1O1 a U.06eb.N SEAWAY34
P1 *l .005 SEAWAY3S

PHStin a 2.41 SEAWAY36
Ptfs(31 a f3.2o SEAWAY37
P14SM4  a 4.00 SEAWAY38
P0I'S) a 0.00 SEAWAY39

Ots(6 1.27 SAA4
VMSM 3.11SEAWAY41

Ph1Sfb) a 2.9e SEAWAYV42
1,0(9j a 3.55 SEAWAY4 3
OPHS410) a 0.70 SEAWAY44

V a5 G4Au,.i j SEAWAY4S

RW"ZJ) m ~WOCJl*'v (J)A SEAWAY46
C() GRAVTY)*Ufj) SEAWAY5O

RWtJ) a 3 fj*oj SEAtwAY48

SO CONI %Er~ SEAWA YS?
kETU14N SEAfoAY53
ENO SEAWAYS4
SUBROUTINiE TAdLE TEALE 2
CU%4'ON/S1NF/POANT ulOOO) TAE 2v
LIE * 0 0 3 1

1!9ib54 1ALE 3
X I.S7074634g TABLE. 4

UO 100 J1j.0A TA8LE 5jPOINT(J) - SlN(Xi rAOLE 6
K' a 1002-j TABLE 7
PINPTtM) a -PUIt4I(j) TAB~LE a
Xa ROUX TABLE 9

100 C04TINUE TABLE 10
wETURN TABLE 11
END TABLE 12

TARLE 13
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DTNSRDC ISSUES THREE TYPES OF REPORTS

1. DTNSRDC REPORTS, A FORMAL SERIES, CONTAIN INFORMATION OF PERMANENT TECH-
NICAL VALUE. THEY CARRY A CONSECUTIVE NUMERICAL IDENTIFICATION REGARDLESS OF
THEIR CLASSIFICATION OR THE ORIGINATING DEPARTMENT.

2. DEPARTMENTAL REPORTS, A SEMIFORMAL SERIES, CONTAIN INFORMATION OF A PRELIM-
INARY, TEMPORARY, OR PROPRIETARY NATURE OR OF LIMITED INTEREST OR SIGNIFICANCE.
THEY CARRY A DEPARTMENTAL ALPHANUMERICAL IDENTIFICATION.

3. TECHNICAL MEMORANDA, AN INFORMAL SERIES, CONTAIN TECHNICAL DOCUMENTATION
OF LIMITED USE AND INTEREST. THEY ARE PRIMARILY WORKING PAPERS INTENDED FOR IN-
TERNAL USE. THEY CARRY AN IDENTIFYING NUMBER WHICH INDICATES THEIR TYPE AND THE
NUMERICAL CODE OF THE ORIGINATING DEPARTMENT. ANY DISTRIBUTION OUTSIDE DTNSRDC
MUST BE APPROVED BY THE HEAD OF THE ORIGINATING DEPARTMENT ON A CASE-BY-CASE

BASIS.
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