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NOTATION
: A : Section Area
a Correction factor for buoyancy force ]
b Half-beam of craft
! ¢, Wave celerity of ith component
': Co.c Crossflow drag coefficient
if cG Center of Gravity of boat
}E CA Load coefficient A/pg(2b)3
; c, Wavelength coefficient L/x C,/(L/2b)? /3
2 D Friction drag force
‘E Fx Total hydrodynamic force in x direction
j? Fo Total hydrodynamic moment about pitch axis
;% f Two-dimensional hydrodynamic force
r% g,G Acceleration of gravity
g H Wave height, crest to trough
} h Vertical submergence of point below free surface
3' % h50 Heave crgst or.trough value corresponding to 50%
P probability point
3 h90 Heave crest or trough value corresponse to 90%
3 : probability point
; I Pitch moment of inertia
z Ia Added pitch, moment of inertia
' ka Two-dimensioal added-mass coefficient
k1 Wave number of ith component
L Hull length
LCG Longitudinal center of gravity percent of L
M Mass of craft )
i&} v %f?é
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NOTATION (CONT)
Added mass of craft
Sectional (two-dimensional) added mass
Hydrodynamic force normal to baseline
Ratio of negative maximum to total maximum
Wave elevation, positive down, feet
Wave amplitude of ith component
Relative fluid velocity parallel to baseline
Relative fluid velocity normal to baseline
Speed-to-length ratio in knots/ftl/2
Weight of craft

Vertical component of wave orbital velocity, positive
down

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

Surge velocity
Surge acceleration

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

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

Heave acceleration of the CG

Heave displacement of the CG, positive down

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 zaxis)
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NOTATION (CONT)
Pitch angle
Pitch angular velocity
Pitch angular acceleration

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

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

Density of water

Phase angle of ith component
Wave frequency

Peak frequency of wave spectrum
Wetted length

Nondimensional frequency, w/<$

Spectral width parameter
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| ABSTRACT

i A computer program previously developed to estimate the motions and
accelerations of a planing craft in regular waves was modified and extended
3 to compute the corresponding motions in random or irregular waves. Ten

regular waves with random phase were combined to represent the random

i

] 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

value.
ADMINISTRATIVE INFORMATION
This work has been authorized by the Naval Material Command (08T2);
o 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 st:udy1 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 irreguiar 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
alsu 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 zquations of motion for a planing craft restricted to pitch o,

heave 2o and surge. Xee €an be written as




[ Sy

MxCG = Tx - Nsino-Dcos o

:? Mzeo = T, - Ncos 6 + D sine + W
lo =

Nxc - Dx, + Txp

d

where M is mass of craft

1 ijs pitch moment of inertia of craft

N is hydrodynamic normal force

D is friction drag

W is weight of craft

T is thrust component in x direction
Xc is distance from center of gravity (CG) to center of pressure

for normal force, positive forward

X4 is distance from CG to liné of action for friction drag force

xp 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
i 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.,
b _ 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

s
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and that the total thrust and friction drag forces are acting through the
center of gravity (so as to produce no moments) the equations of motion

can be written as

I S5 P B oo -l
3

Xeg = 0
; MzCG = -Ncose + W
1 .
Te = Nx_

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

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

(€,2) with its origin at the CG and the £ axis pointing forward parallel
to the baseline of the body as shown in Figure 1 is used to facilitate
this integration.

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

='5% (m, V) + CD,CprZ

L omdii

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

baseline

m is the added mass associate with the section form

o c is the crossflow drag coefficient

o is the density of the fluid
b is the half beam

Expanding the momentum term results is

D =m \ o 3
ot (V) = myf + v, - 2 (m y)de

e o o e e

where ¢ is the body coordinate parallel to the baseline: see Figure 1.

]
1
v
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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 = -dg/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 1ift-producing
factor in low-aspect-ration theory.

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

m =k, » b2 (£,z,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 (CD,c = 1.0) corrected by the Bobyleff
flow coefficient approximated by cos g, i.e.,

C = 1.0 cos B

D,c
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,
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i.e.,

fB = apgAR
where Ap 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.
Shuford2 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 () and taking the component in the z direction results in

~Ncosf = F (1) =ffcos0d£+ffndt
2 2

= -[ [ { m, (£, V(0 + rh.(é,t)V(g,t)

9

*Cp,c(£:00b(E,OV2(E, D) cos 0.
+ apr,gs]
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.

8 ) s 7




Fg = -‘/;f(t.t)tdt -[fb cos 6 kdE

- [ {m (6.0 V(&0 + OV EED

- UGk 3¢ (my (6,0 VEED) + G, (£.0PBEOVAED
+aaApos 0} edt

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 L 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 XCG The

velocities U and V may then be written as

U= ’.‘cc cos -(icc-wz) sin 0

V= iCG sin 6 -65 +(icc-wz) cos 0

The depth of submergence h of the body at any point P{£,z) may be deter-
mined by
hszcc-isin0+§eosa-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

e i il O B O L
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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 J
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
r-z r

i COS[ki (x + C,'t) +q-]

= i |
where rs is the wave amplitude

ki is the wave number

c; is the wave celerity ]

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

Note that at point P(z.z) on the craft
X = XCG + gcos 8 + ¢ sin 6

and X = J¥egdt

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 2 4
S(w) = Ag_ o-B/w
w

where A = 8.1X 1073

g = gravitational constant
2
. 4A
B H /3)2

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




by

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 by a
_ 16w _5 _-5/4¢q
g(ﬂ) = 'H—z—n S(UFQWP) = ;5 e

1/3
where Q = w/wp

and where
- (- -

_/o"§ (a)da = 1

The discrete frequencies representing the spectrum varied from
Q= .80 to 2.6 in nearly equal increments aQ=0.2. 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 (AQ) centered about

its frequency in the continuous spectrum i.e.,

Q; + Aq/2

2 S(a)d
,.$=H1{3 f (n)de
Q.=A0/2

The band widths are equally spaced between frequencies except for the
first and last frequencies which Tump 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
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accelerations were made using the computer program (see Appendix) for

comparison with the model experiments of Fridsma3. Fridsma tested a series ‘ i
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

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

computations were made with the Centers' Control Data Corporation 6700

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

i Appendix.

j Table 2 presents the characteristics of the model craft for those

f 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

T

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

3

those used by Fridsma” for his experimental data. The ampliZiudes (maxima

e e b S AN o A o MR e

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

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

2,2 2 2
=L _o-1/2y%/e 2,172, _-1/2y% Jy(1-e%)e 2
P(y) = 75— ce +(1- 512 ¢ /Yf_m e /Xy
where y = maximum or minimum (absolute values) normalized by the standard
deviation,

10
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2=1-(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 y- of negative maxima to total maxima or positfve 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 Xi versus corresponding y values is compared with a line drawn through
x =y =0, and the point, x = x, y = y = /n/2(1-2r") 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(T\) =1- e"ﬂ/ﬁ-




where 77 = 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 1
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//' 1) 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 10, 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/lO/yQO’ which is

12
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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
compufer 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 computed 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.
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Ccomputations 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, much!lower than the-experiment values. At some conditions
examined, the computed accelerations were about half of the comparable
experiment values. This occurred at the more extrewe 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 b

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 aiong with the wave height
be made available for the above studies.
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?} | TABLE 1
! WAVE AMPLITUDE REPRESENTING
3 DISCRETE SPECTRUM
3 ? "Hy3
1; 0.795 0.1364
1 1.0 0.1861
i 1.183 0.1657
j 1.403 0.1302
% 1.602 0.0999
: 1.795 0.0771
i 2.004 0.0604
! 2.194 0.0482
f 2.392 0.0390
i@ 2.612 0.0626
§
]
!
;
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Figure 3 - Sample of Computed Pitch and Heave Motion
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Figure 5 - Example of Pitch Motion Correlation
with Generalized Rayleigh Distribution
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Figure 6 - Example of Heave Motion Correlation with
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Figure 7 - Example of Bow and CG Acceleration Correlation
with Exponential Distribution
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Figure 9 - Comparison of Computed and Experimental Heave
Variation with Significant Wave Height
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APPENDIX
LISTING OF COMPUTER PROGRAM FOR MOTION COMPUTATIONS
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PROGRAM MAINUINFUT sOUTPUT s TAPES= INPUT o TAPES=VUUTPUT ,TAPEI=S1 2, MAIN
. TAPE2=512sTAPEWZG] 24 TAPEY) MAIN
c MAIN
REAL [T oMeMMAXoNeNO4NL o KAR MAIN
! INTEGER EnD MAIN
¥ C MAIN
| UIMENSION Y (6) «F X (2,2000) MAIN
; Cc MAIN
, CUMMON /CONST/ NCOIECGePI1sDPRIRPD sGRAVTY ¢RHD oNUMeMA (120) ¢CO.TA, MAIN
. B{12U) ot TAerm(120) e TZoURBGoWsXDoTeXPyMeITs MAIN
@ 1 DELTASSTASEST(12U) v KARGMMAX (120) o TESTY (1207, MAIN
: o N(12V) +PHALF MAIN
-} CUOMMON /SHIP/ MASSeCINT 9QAsCEsCE2eCEIoDMULEUMULE20MUGEIDMU+BF s BMMMAIN
3 . NLsFLeTALE (120) MAIN
2 COMMON /IN/ BM(120) 4,81 (12V) +VELIN MAIN
: COMMON/OUT/NPRINT o NPLOT s ENL MaAIN
COMMON/TERAS/ T oT2eT34T4eTSeTOT?9T8 MA IN
‘ COMMON /TRaNS/ STARTRISE sRAMYK maAIN
COMMON /INTER/ I1+KTT(10)sDIFF (10) Ma IN
COMMON /IN?/7 NU(L120) ¢ XA RE«MMAX JHM[NGA (0) +EPSE (6) MAEN
COMMON /ACCEL 7 XaCCL,BwACLsCOACL ¢8L MainN
C MAIN
CALL INPUT MATN
C MAIN
Cc COMPUTE INTLURATION INTEwVAL INFURMATION MAIN
C MAIN
NLESS = NuM=1 MAIN
I = MALIN
11 =1 MAIN
LIFFER = EST(i+1)=EST(]) MA N
RTT(ID) = ) ™A IN
ODIFrF (1) = DIFFER MAIN
U0 25 I=z2enLESS MAIN
DIFFER= EST(L+l)=EST(D) MAIN
KTIT(IIY = XTIV 1]) el MAIN
IF (DIFFERNESDIFF (I1))1GO TO 2w MAIN
60 YO 25 MAIN
2¢ 11 = [1+1] MaIN
KTT(I) = | MAIN
VIeF(IlY = DIFFER MAIN
25 CUNTINUE MaAIN
KTT(LI) = KTT(LL)el . MAIN
C® ® e o & CHECK IF NUMBER OF INTExRVALS EXCEEDS OIMENSION MA LN
IF (1146GTo10) wr]TE(6428) (KTTLD)oDIFF (L) al=lell) MAIN
IF¢I1.,6T.10) STOP & Ma N
C® o s 5 ¢ POINT AT wnlICH MULTIPLE RUNS START MAIN
8 CONTINUE MA [N
CaLl SEawAy MAIN
CALL TABLE MAIN
TIME=XA MAIN
AONT=] MAIN
END=END-1 “MAIN
WRITE (6,439) MaIN
39 FOoaMNAT (1INl MAIN
C o ® e o a0 o o READ IN INITIAL CUNDITIUNS MATN
C X(ly = VELUCITYs X(2) = Z DVTs Xt13) = TRETA DOT MAIN
c X(4) = X X(S) = 2 X(0) = THETA MAIN
C THETA IS ZEAU IN LEGREES THEN CONVEPTED TO RADIANS IN PRUGRAM MAIN
c MAIN
3
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READ(5410) (X(1)s1=z1,6)
UATA + USED IN RAMP FUNCTLON, TO TURN ON wAVE

O O ob

19 FORMAT (e

[

o000 O

1l

*
L 2

a0 00

©

12

23

READ(5¢10)STAKToRISE

10 rORvAT (BF10.4)
® &% e e o8 whiTE UUT THE INPUT VaLUES
WRITE(6¢19) STARTSRISEsKAR
STARTY = weF)0ekee/oh

)

RISE = #yF10.49/m

TME IS THE TIME AT WHICH TrE INTEGRATION INTERVAL is

TO A€ CnANULED

AMX IS THE NEw MAXIMUM INTERVAL SIZE AFTER TIME THE
HMN IS THE nbw MINIMUM [NTERVAL SIZE FOR KUTMER TU syn-DIVIDE

THE MAX[MUM INTERVAL Ur TO

5F THIS OPTIUN 1S NOT USED SET TME TO THE STOP TIME OF THE RUN

READ(Se1U) TME,rMA ¢ HMN

WRITE(6ell) TME oHMAX o HMA o HM I N o HMN
FORMAT (® AT TIME %,F7,2,0 TAr MAXIMUM
S0ON WILL B€ CHANGEV FROM ®4F10,.4

2% TU #4F10,%e7

® AND ThE MINIMUM SIZE FUR HALVING CHMANGES FROM eeFl0, 4,

® TO #,F10,4)

ADJUST THE I1ME FOR CHANGE UF INTEGRATION INTERVAL
FOR CRECK AGAINST TIME IN THE INTEGARTION LOUP

TM = TME=(HMAX/2,)

1Py = 0
IF (TME EG.XE) IPT = ]

READ(S910) PERCNT
KACCL = £CA=-PERCNT=@L
wRITE(6,1¢2) PExONTXACCL

FORMAT(® THE x USED FOU THe ©Uw anO

CG ACCELERATION COMPUTATIONS

IS EQUAL TO ECU=*¢F1l0,0e7He4L UR 10,4)

WRITE (6e23)
WRITE (6e«)
FORMAY (1H 4//)

47 FORMAT (" STATIUN NO.%,3IX.%DEAD RlSh"-ﬂxo"EST".BX¢"N0"¢
® Q10X "BEA 400y
WRITE (6+¢59) COLOBETAGEST (L) oNUCT) oBM(L)) ¢ 1= oeNyM)
ronnAt(bxolzobx.F1u.«.«x.FIO.«o«x'Flo.aosx.Flo.é)

9>

ARITE(6.23)
WRITE (6¢56) (A(])el=]40)

FORMAT (" K VALUES" 44X o6 (FLldeel2X))

® e 0 o & 8 CHaNGE INPUT FRUM UEG~EES TO RADIANS

X{3) = X(3reqry
R(6) = X{6)ekbi;

® o & 0 o 8 WRITE OUT COMPUTELD ARRAYS
WRITE (6eST)Me LT aPAALF 4P ¢LRAYTY

IF (NPRINTWLT %) WU TU 62

eRITE (6459) (E(1)sl=1eNUM)
WRITE (6499) () oI=]4NUM)
wRITE tHy0a) (MMAXL]) 1I=)eNUM)
WRITE (H5e05) (FeSTUL)elzleNUM)

34

MAIN
MATN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

KAR = H,FlOMAIN

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

MA IN
INTERVAL S12E FOR INTEGRATIMAIN

MAIN
MAIN
MA I[N
MAIN
"MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MaIN
“alnN
MAIN
MaIN
MAIN
MATIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MATN
MAIN
MAIN
MAIN
MAIN

6l
62
63
64
65
66
67
68
69
70
71
72
73
T4
75
76
14
78
79
40
81
82
83
84
8s
as
87
83
89
90
91
92
93
Q6
95
96
97
98
99
100
101
102
103
10«
105
106
107
104
109
110
i1l
112
113
l1le
115
116
117
118
119




62 CONTINUE MAIN 120
WRITE(6:28) (RTTUT) oDIFF (1) el=zlo]]) mAIN 121
29 FORMAT(® KTTJUIFF ®,]110¢2XeF10,4) MAIN 122
St FORMAT (ul M3 oF LlU.GeiN 13 oFi0,4cllH PIleRNU/2s o+FL0.4, MAIN 123
1 SH Pls JF10.44101 GRAVITY® (Fl0,%) MAIN 124
56 FORMAT (* FE(1)"410F10,4) MAIN 125
SY rORMAT (» N({1)"s1UF10,4) MaIN 126
6@ FORMAT (M MMAK(L)"4lUFL0.%) MAIN L27
66 FORMAT (* TESTU(I)"e]0F10.%4) MAIN 128
Is = 1 MAIN 129
IPRINT = NowrlnT MAIN 130
WRITE (6,.91]) MAIN 131
C® % o9 o 0 o ¢ WRITE READINGS AND CONDITIONS AT TIME = O, MAIN 132
9L FORMAT (1M1 .2X o " TIMEHOX o XDUT " ¢9X e 200T" 99X 9" THETA DOTH 6K, Maln 133
o 1RRIIX9LMZeFReOATHETA9YXe2rHiNL ¢ SR EMFL MAIN 134
o “XoBRAUW ACCLyaRe7THCG ACCLW//) MAIN 135S
WRITE(4e92) TIMEG(X(I)oel=1e0) oNLoFLoBWACLICOACL MAIN 136
WRITE(9) TIME«(X(1)e]=0y6)sasWACLsCOACL MAIN 137
AOYNT = KO/ NTs] MAIN 138
FRtlelBr=x(5) MAIN 139
FX(291B)3X(6) MAIN 140
IKUTM = (TME=Xa) /AMAX o (XE=TME)/HMX » ,0S MAIN 141
FIRST=0,0 MAIN 142
NENS=0 MAIN 143
IKYT5=0 MAIN l4e
[ MAIN 145
c START OF INTEGRATION LOUP MAIN l46
c MAIN la7
851 CONTINUE MAIN leB
NPRINT = IPRINT MAIN 149
C oo o g0 0808 o CNECK PITCH ,07. «5236 RADIANS MAIN 1S5S0
IF (R(6) ,6T,.5¢36)G0 TO 853 MAIN 1S1
C o ® o g% 02 s rENFURM INTEGRATIONS MaIN 1S2
1F (TIME LT, TM UR,TME EQ.XE) GU TO 98 MAIN 153
IF (IPT.EN.L) GO 70 93 MaIN 156
HMIN = HMMN MAIN 1SS
NMAX = HMg MAIN 1S6
FIRSY = 0,0 MAIN 157
98 CONTINUYE MAIN 158
CALL KUTMER (NEUS o TIME yHMAX o X oL PSL oA HMINGFIRST) MAIN 159
IKYTS=IKUTSe] MAIN 160
IF(FINST.LN,2)60 TO 861 MalN l6]
IF (KOUNT «NE o1 e ANDoROUNT ML 4}) GO TU 99 MAIN 162
WRITE(&4e91) MAIN 163
KOyNT=]} MAIN 1664
C o8 o oo s 0 wclTh OUT FIME INTERVAL RESULTS MAIN 165
99 ARITE (4492) TIMEGIX(I)9oI=1e6) oNLorLeBwACLsCLACL MAIN 166
WRITELOWIIN TLoT2eT3,T4eTO4THT7,TB MM dF MAIN 167
WRITE(9) TIME«iX{])oIzts6) suwACLsCLACL MAIN 168
LFETIME LY . TMeUR,TMELENXE) GU TV <00 MAIN 169
IF(IPT.EW.)) 60 TU 200 MAIN 170
CALL PLOTER (FAsXAorMAXe1B¢1PT) MAIN 171
irr = 1 MAIN 172
in =0 MAIN 173
AA = TIME MAIN 174
*IRSY = 0,0 MAIN 175
HMIN = HeN MAIN 176
MMAX = HMX MAIN 177
200 CONTINULE MAIN 178
35
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18=18¢1 . MAIN 179
. Frel,IB)=xS) MAIN 180
| Fx(eelnr=4(6) MAIN 18} ‘
! 93 FORMAT (" ", 10E1U,4) “AIN 182
i 92 FORMAT (1Xell (FLU,@e2X)) ) MAIN 183
1 100 CONTINUF L 4 MAIN 186 . 3
: AOUNTZROUNT & nAIN 185 \
: 21 CONTINUE MAIN 186 :
! IF(VIME LE XEeaND¢ IKUTSWLTLIKUTM)IGLU TO 851 MAIN 187
: ARITE(24852) MAIN 148
854 CONTINUE MAIN 189 ‘
852 FORMAT( »  END OF KUTMER") MAIN 190 ;
: 853 CONTINUE MAIN 191 !
5 CALL PLOTER (FXeRAsHMAX I8, IPT) MAIN 192 ;
: Co o oo o CHECA FOR LAST RUN IF NOT CYCLE ~ACK TO READ MAIN 193 |
! [ NEW DAYA FOw wedT Guyn MAIN 194
o IF (END.NE.1)00 10 4 MAIN 195 ‘
g L0 TO 99% MAIN 196
. C ®» ® & ¢ KUTMER ERRUR MESSAGES MAIN 197
) A61 WRITE(6+802) MAIN 198
' A62 rORMAT (» ERRUR CRITERION IN KUTMER CAN NOT BE MET*) MAIN 199
| WRITE (6455) (X(1)el=1e6) ) MAIN 200
3 WRITE (6+8h) TIME MAIN 201) |
! 86 FORMAT (% TIME 31,5 10,6) MAEN 202 !
‘ IF (ENDNEL1)GU TO 8 MAIN 203
| w0 TO 854 MAIN 204
. 993 CONTINUE MAIN 205 i
END FILE 9 MAIN 206 ‘
: END MAIN 207
SUBROUTINE PLUTZIF oFMINGFMARGNVARINFUNNL 4 N9 XD s DELX) PLOT?2 2
c »LOT2
' C PLUY FIRST N POIINIS OF UP TU ¢6 FUNCTIONS F (X) PLOT2 & l
- C FilsJy CONTAINS Trk VALUE FOR Trk UTn POINT OF THE ITH FUNCTION ®LoT2 S |
C FMIN(I) AND F4aX (1) CUNTAIN THE MIN AND MAK ORDINATE VALUES FOR PLOT2 6 : 1
c THE [T+ SUNCTION, PLOT2 7 {
c NVAR (1) AN ARQAY OF TITLLS FUr THE VARIOUS FUNCTIONS PLOT2 8 '
c Tu Bt PLOTTED AGAINST THE ABSCISSA PLOT2 9
c NFUN NUMHBER OF FUNCTIUNS TU BE PLOTTED - OIMENSION OF PLOTZ 10
c NVARy FMINg FMaX °LoT2 11
c Nl uSED OUNLY IN F(Nlel) AS PASSED DIMENSIUN PLOT2 12
c N wuMgt R OF POINTS IN a SINGLE PLOT FrRAME #LOT2 13
c X0 b InST ARSCISSA VALLUE PLOTZ e
(o DELX ASCISSA INCHEMENT PLOT2 15
c PLOT2 16
UIMENSION SSTEF (20) oF (N1 oN) o FMIN(NFUN) o FMAX (NFUN) o VLAST (20) o PLOT2 17
1 VFLI.ST (c0) +HEAD(6) +STEV (206) rLOTZ 18
INTEGER Crm(26) oNVARL NFUN) ¢UUT ¢ aSTER4PLUS 4 BLANK PLOT2 19
INTEGE> C PLOT2 20
. INTEGER a(101) PLOT2 2]
; c PLOT2 22
UATA BLANRDUT¢ASTERGPLUS/ZLIN sl elme lrey PLOT2 23
UATA CHI(1)oCP(&)sCH(3)9oCR () oCH(D)sCH(5) «CH(T)«CHIB) ¢CH(9)+CH(10) PLOTZ 24
Fd /7 1Ha o IMH o IHC ¢ LD o IHE o IMF 4 140 ¢ LHH o1H] +iHy 7 LLoTZ 25
; DATA CHEAL)I oCN(12)«THILI)oCrL4)oCh (1) 4CH(L16)9sCHIL17)eCH(IY) °LOT2 26
; 2 /7 1PK ¢ LML « 1HM o 1N o IMO 4 WP 4 IHO 4 1HRy PLOT2 27
: UATA CH(19)eCH (20) oCH(2)) 9Cr(22) oLH(23) oCH(24) +CHI(25) 9CH(26) YLOT2 28
2 / 1InS 1% ) Y 1HU iny LHe o 11X Iny inZ 7 PLOTZ 29
c »Lot2 30
LF (NFUNLE .0 Uk oeNLE L O) RETURIN »Lore 3l

36




C PRINT HEADINGS, LLOT2 32
: dRITE (64ub) »LOT2 33
1 46 FORMAT (//77) PLOT2 e
g VO 90 I=)eNFUN »LOT2 35
3 30 TENM=ABS (FMAX (1) =FMINCE)) PLOT2 36
" ’ Exr=l, #LOT2 37
IF (TENM.FQ.U.) LU TO 2 #LOT2 38
C BRING TENM TU a VALUE BETWEEN 1 AND VU PLOT2 39
IF(TENM.LT.1.) GU TO 1 PLOT2 &0
, 3 IF(TENM,LT.1V,) GV TO 2 PLOT2 &l 1

ExP=txPeln, PLOT2 62
) TENMSTENMA L PLOT2 43
3 GO Tu 3 PLOT2 4&
‘ | EXPzEXPe, | PLOT2 45
TENM=TENM210, PLOT2 4o
IF(TEN, LT 1e) GU TO 2 © PLOT2 &7
GO TO 1 PLOT2 48
C SET UP VaLUE BETWtEN GRID LINES. QSTeP. PLOT2 &9
2 PSTEPaS, rLOT2 SO
1P (TENMLGE 5. ) PSTEP=10, PLOT2 S)
IF(TENMLT2.)PSTEP=2, PLOT2 S2
S RSTER([) = STEFr*EXPe, ] PLOT2 53
C COUMPUTE VALUL OF STARTING LINE« VFIRST. ®LOT2 S
FIRSTaFrMIN(I) /nSiEP(]) \a . PLOT2 SS
IF(FMINGT) (LT U IF IRST2F IRST=1, '3 '-f;% ﬁ PLOT2 56
FIRSTSAINT (FInST) o »LOT2 S7
VFIRST (1) 2F INaTonSTER (1) : ,A%. PLOT2 S8
C CHECK ENU LINE VvALUEVLAST. A8 PLOT2 S9
VLAST(1)=VFIRST (L) +10,#RSTEP (]} . #LOT2 60
IF(VLASTUI) 0T FMAX(INIGU TO & m% »LNT2 61
C If WRAPH IS TOO SMallL TAKE NEXT LARGER STEP, <, o PLOT2 62
AAZPSTEY b 2 FLOT2 63
IF (AR LT 5, )FSTEFSS, - PLOT2 66
IF (AA EQ.5,.)PSTEP=L0, %y % PLOT2 65
IF(AA.LT.10.) 6O Y0 S DA PLOTZ 66
PSTEP=2, B o 2 PLOY2 67
Exr=10,%¢ 1P d%% »LOT2 68
6n 10 S < »LOT2 69
C COMPUYE vaLUE RETeLEN POINTS+SIEX, %%Q #LOT2 70
o STEP(1)=RSTER () *.] PLOT2 T1
Rx=0, %’5% PLOT2 72
00 6 KK=]eh (TR RE =072 73
AEAD (KK) 2yF [LST (1) +2 ,#AKERSTEP (1) LS % 2 PLoT2 Te
6 RK=RK 1, % w2 PLOT2 75
40  WRITE (0945) CHIL) 4 NVARLII)s (HEAD(KK) KK=]46) W  PLoT2 76
45 FORMAT(1X93le3M T 2A)09SXelPELIZ2.4eD(8Xs1PELZ.4)) g \\,é PLOT2 77
VU0 50 Jy=14101 - ® rLoT2 78
A (J) =BLANK ¥LOT2 79
IF MOV 1J¢10) kG d) A(J)SDOT PLOTZ2 RO
S0 CONTINUE YLOT2 81
WRITE (6455) AsA PLOT2 82
93 FORMAT (25Xe1ulALZLISXeenTIMEWOXILULAL) PLNT2 BRI
C PLUT EaACH POINT : PLOTZ He
VO 100 J=1.N PLOT2 B85S
BEX0eFLUAT (J=1)e0ELx PLOT2 6
VO 70 K=zla101 PLOT2 A7
A(K) ZHLANK PLOT2 BB
1F (MO (Ky 1) oEQed) A(K)30UT rLOT2 89

IF (MU D92 detiuel) ALK)ZDIT PLOT2 90 '
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O 0000000 OOOOOOON

70

8v

85
9

i>
100

10

rd"

A00
k1]
4oV

37

COUNTINUE
UQ 80 [=1eNFUnN
LOC=((F(led)=VvFIRST (1)) /STER (1) eleS)
C=A (LUC)

A(LOCY=C (D)

IF (C.NE ,BLANK o aND,C ,NE.DOT) ALLOC)=ASTER
CONTINyE

IF(MUD(Js10) kWL 1IGO TO 95
WRITE(6,85) A

FORMAT (25XelULAL)

S0 TO 10v

WRITE(6+15)844

FORMAT (12XsoirEL2.Gy1X5101A1)
CONTINUE

RETURN
END

SUBROUTINE KUTMER (NO4ToHs YOSEFSE4ALHCKLFIRST)
UIMENSTON YO (0)sY1(6)eY2(0)sFU(6)sF1(0)+F2(5)EPSE(6) ¢4 (6)

COMMONZOUT/NPRINT JNPLOT ¢END
COMMON /ACCEL 7 RACCL,BwACLCOACL edL
UATA NAML o naAMZE /72nY142HY2 /

NU-BER UF EQUATIONS. NO, UF COMPUNENTS OF YO

NO =

T = INDEPENDENT VARIASLE

H 2 INCREMENT FOR WHICH SULUTIUN 1S TO 3E RETURNED o UR =
YO = THE VECTUR UF QEPENUENT vaxlABLES, ENTER WITH INITIAL

VALUES AT T ANMU ReTURN #ITH VALUES AT Ten

EPSE = wELATIVE ELRRUR CRITERION rUR CUMPONENTS OF YU .GT ABS(A)
A = ABSOLUTE LRROR SRITERIUN FOR COMPONENTS OF YV ,LT. ABS(A)
NUTL~= EPSE AND 4 MUST BE SPeCIFIED FUR EACH COMPONENT UF THE SYSTEM

HCX = THE SMALLEST STEP SiZt usStu IN THE INTEGRATION
FIRST SHOULN vt v «hHEN KUTMER IS eNTERED FOR THE FIRST TIME
AFTER TMAT FIRST IS 1 IF KUTMER 1S ENTERED WITH THE SAME M OR

IF 1T 1S ENTEREU w1TH A CRanGED m

PLOT2

rLOT2

PLOT2

+LoT2

FLOY2

rLOT2

°LOoT2

PLOT2

PLOT2

PLOT21
»L0T21
PLOTZ2]
L0121
L0121
rLOT21
PLoTZ21
KUTMER
AUTMER
KUTMER
KUTMER
KUY TMEw
NUYTME w
KUTMER
KUTMER
KUYTHMER
KUTMER
KUYTMER
KYTMER
KYTMER
KYTMER
KDTMER
KUTMER
KI)TME =
KUTMER

91
92
%)
9%
95
96
97
98
99
00
0l
02
93
(/I8
(1)
06

CE®~wPNEWN

10
11
12
13
| €Y
15
16
17
i8
19

BIF FIRSY 1S 2 ThE chHROR] SRITERIA CANNOT ME MEET AND THE STEP S1ZE IRUTME<20
REDUCEL TO =/1¢s,

1F (FIRST) 20sivecd

- - = = = = = = FIRST ENTRY
nC = H

1PLUC = ]

FloSY = |,

- e = ® @ o« UTHER ENIRY
Loc =0

nCx = hC

IF (HC ,NE 10 ,) GU FO 30
wRITE1b6edU9))

FORMAT (SR euSHRUTMER ENTERED WiTH ZERO INTEGRATION INTERVAL )

PIRST = (e

NETUAN

- - e e - e = 5 CALLS TO DaUX
CALL DAUR(TeYUFO)
[F(NPRINTFQD)INRITE (60400 YV T4F O
FOQUMAT (O (2% sF Luests) s4HTIMENZAF 1044)
LF INPRINTerEDed)WHITE (6940U)HC

VO 0 I=levD

Yi¢i) = YutD e(nCz3,)oF 0D
[F(NPRINT 7 QeI wRITE (6040U)YLsT

38

KUTHMER
KUTMER
KUTMER
KUTMER
KUTME~
KUTMER
KUTMER
KUTMER
KUTMER
KU TME 2
KyYTHMEw
KUTMER
RUTMER
KUTMER
KUtMmen
AUTMER
RUTME=
AUTMER
Y TME w

21
22
23
24
25
26
27
28
29
3
KEY
32
33
I
3s
36
37
35
39

AUYTHME~@O
RUTME <o}
RUYTMERW?
KUTME ~« 3
KUTMER

(1Y




CALL OAUX(TeHC/I,eY1oF1) KUTMERGS
1F (NPRINT o5 0e2) aRITE(0¢400)F o7 KUTMERGS
V0 50 I=}enD KUTMERG?
SO YItI) = YO(I)*UNC/B,)FO (1) e (NCr6.)EF ) (]) KUTMERSS
IF(NPRINTFQOIBRITE (6960U) Y] T KUTMERSGY
C KUTME RS0
CALL QAUR(TeNL/3,9Y14F1) KUTMERS)
1F (NPRINT.EQe2)WRITE (60400 F 1T KUTMERS2
V0 60 I=1leND . KUTMERS]
60 YY(I) = YO(I)e(rC/Z8,)OFO (1) e, 3758rCHF ) (]) KUTMERSS
LF (NPRINT.EQ.SIWRITE (64400) V1Y KUTMERSS
[ KUTMERSG
CALL DAUX(TerHC/2.9Y14F2) KUTMERS?
EF (NPRINTEQeD) #RITE (60400)F 20T KUTMERSB
DO 70 IsleND KUTMERS9
70 Y1) = YU(I)*(MC/2,)0F0(l)=leSonCefl(])e2.0nCoF2(]) KUTMER60
IF (INPRINT S0V aRITE (64400) Y1 T KUTMERG]
C KUTMER62
CALL DAUX(TeHCeYleFl) KUTMERG63
IF (NPRINTSQeD)WRITE (69400 LT KUTMERGS
L0 B0 I=l.nOD KUTMERAS
80 Y2(1) = YU(I)*hC/0oF0 (1) *(2e/3,)*NCOF2(I)e(HC/6,)FL(]) KUTMER66
LF (NPRINTFOS)WRITE (69000) Y2, ’ KUTMEWAT
INe =2 0 RUTMERASB
C @ ® @ o o w =« =« CHECK ERRUN CRITLRIA KUTMERG6Y
U0 110 I=lenU KUTMERTO
ZZ2 = ABS(Y1(l))=AL(]) KUTHMERTL
IF (222) 8<,81,87 KUTMERTZ
C o ® e ce=eae= ABSOLUTE ERRUR KUTMERTI
85 EQROR = AdS(.29(YLl(I)=Y2(1))) KUTHMERTS
IF (ERRON=a([)) 100,100,90 KUTMERTS
Cmvooweoeooas-- RELATIVE LRRUR KUTMERTS
87 tRROR = AUS(.2-.2°Y2(1)/Vit1)) KUTMERTT
1F (ERRQR=LPSE (1)) 1006100+9u KUTMER78
C o o @ oo =a«a= SINCE ERROR ,GT, ERRUR CRITERIA CHECK IF HC,GT H/KUTMERTY
C e o e uoeeaeaa=a= IF YES TREN NALVE INTERVAL, OTHERWISE STUP, KUTMERBO
90 X = 128,.#A5S5(HC)=ABS (M) KUTMERAL
’ IF(X) 91 495,95 KYTHERRZ
£ » ® o o o @ aaa= = cRROR TOU LAKGE KUTMERB3
91 wRITE(6992) 1T eERrURGHC KUTME w84
92 r0QMAT (/181 FOR EWUATION NO. 2¢27re THE RELATIVE ERROR AT T = o KUTMERSBS
. €15.8¢ 4H IS «E]1S5,84134 STEP SIZE = +E]15.8) RUTMERAS
FIQRST = 2. KUYTMERRT
RE TURN KYTMELER
C o @ a o 0o a @ o = = HALVE INTERVAL KUTMERRY
95 nC = mC/2, KUTME~IO
IPLOC = 2#{PLUC KUTMERIL
LOC = 2eLUC KUTMERIZ
MCx = HNC KYTMEKII
WRITE(24710) T o1 4ERRVORGHC KUTMERYS
710 FORYAT(/8H TIME = oF10,3¢5X920HHALVE INTERVAL, EQUATION I3, KUTMER3S
o034 MAS ERPOR = E16,8¢0X017H STeP SIZE NOW = 4£15,8) KUTMERIO
WRITE(2+720) NAMR2e(Y2(J) eJ=1enD) KUTME=IT
WRITE (2e¢7¢0) NAMLs (YL (J)oJzleND) KUTMERSS
720 PORMAT( 2X,A2 7 3(LOELI.S7)) KUTMERIY
L0 TO 30 KYTMELOO
C o wooo=oeae=a= TLST IF INTENVAL LENGTH CAN BE DOUWLED RUTMELODL
100 IF (ERROR®Hu,=tPSE(L)) J1Us110Ue10L KUTME 1 02
104 INC =) KUTMELO3
39
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110
11}
11e
Ce--

129
130
140
c-.
200

219
329

OO0

.
1l

1}

CONTINUE

- e == === UFDATE T AND SOLUTION
T = TeMC

00 112 I=1.NV

YO(I) = v2(1)

® e oo === 0LET SOLUTIUN IN NEXAT INTERVAL
LO¢c = LOCel

IF (LOC=1PLOC) 120U+2104210

IF(INC) 21041309210

IF (LUC=(LOC/c)*2) 2104040 eciV

1F (1PLOC=1)210+21vs200

* o = e = === UOUBLE INTERVAL LENGTH
HC = 2.e0C

LOC = LOC 72

IPLOC = [PLOC/Z

IF (1PLOC=LUC) 13U ,329,30

twaCL = FO(2)=XACCL*FO ()
CGACL = F0(2)
RETURN
END
SUBROUT INE DAUR(TIME ¢ XeRNS)
TIME TIME AT WHICH SYSTEM IS TO BE EVALUATED
X STATE VECTOUR
MS TrRE RIGHT maAND SIUE UF THE EQUATION S = F A
REAL KAR

REAL JAg1ToMoKoeMAIMASSyNL o NoMMAX
VIMENSION 216) eRHS(6) oF (J0)) sA(3¢I3) o INDEX(36I) e
(leV) sV (1201 ¢V (120) ¢wOTIME (20)

KUTMEL 04

COMMON /SHIPZ MASSeCINTQA9CEsCE2¢CEI¢DMUVEDMULE2UMUSEIDMUIBF 4BMMoLAUX 13

NLeFLeLALE (120}

COMMON /CUNSTZ NCGIECGPL osOPRINPDeGRAVTY ¢sRHOSNUMMA (L120) «COeTA,
G(12U) oBETAHW(1C0) o T1ZeURAGIWXDsToXPeMeITy
UrLTASeTASEST (120) s AR MMAR()120) s TEST(120)

- N(1eV) 4PMALF

COMMON /IN/ oM (12V) 481 (120) s VELIN
COMMON/ZOUT ZNPRINT o NPLOT END
COMMON /TRANS/ START,RISE ¢RAMP

COMMUON ZWAVEL/Z ZMAZWMAJEMAS ¢ ZZWMA 9 ZWEMA 4 22WMAEZMAZ o

ZWOUT (120) s ASINPT (120 920) 9 ACOSPT (120020) +CX64SX6
COMMON /WwavE2/ w0 (c0) oK (20)eC(20) +RWO (20} +RWO2(20) yRK(20) »
o RO(20) ¢RWK (20) sHeFHS (20)

COMMON/S INE/ZPUINT (1000)

RAMP = RMP(TIME +START,RISE)

rin = Plse,

VO S JJ =1.10

WOTIME (JJ) = AU (JJI) TIME«PHS(JY)
PNTRAD = 318,309830]1

CONTINUE

CX6 = COS(r(6))

SX6 = SIN(X(6))

CeeadasegET yALUES OFf MA aAND 8

DO 79  [I=1.NUm

Rl = 0.0

PTO = R(u)sE(L)OCRON(I)®SXS
vl = 0,0

40

KUTMELO0S
KUTHME L1 06
KuTHELO?
KyTME Ll o8
KYTMELOY
KUTMEL L0
KuTMglll
KUTMEL L2
KUTMELLD
KUTMEL Lo
KUTMELLS
KUTMEL )6
KUTMELLT?
KUTHMEL LS
KUTMEL LY
KUTME L 20
KUTME 2]
KUTHME ) 22
RUTME )23
DAuX 2
VAUX 3
DAUX “
Uaux S
DAUX 6
LDAYX 14
OVAUSX L'}
DAuUX 9
VAYX 10
OAX 11
vanx 12
Ooax 14
VAUX 1S
DAUX 16
VAUX 17
vanx 18
VAYX 19
DAUX 20
gaux 21
DAYX 22
Daux 23
VAUX 2¢
vayx 25
Dayx 26
Vaux 27
vayx 28
Daux 29
Danx
LDayx 31
DAux 32
Dayx 33
DAUX 34
Daux 35
UAUX 36
VALK 37
VAUYX 38
vAUX 39
VAUX 0




T

(2 Xz Xy]

79

7%

16

U0 20 J=1+10
PT = PTOOK (J) *wUTLIME (J)
ANOX = PTOANTRAL
AS = AMOU (ANDX+20V0,) =499,
IF(AS.LT.~499,) AS = AS*2000,
IS = AS
IC = 1S+500
UX = AS-]S
LF(IS.LE,0) IS =2 2-15§
1F (1S.67.1000) (S = 2¢002-15
IF(IC.6T.1900) IC = 2002-~1C
DX = DX/PNTRAD
ASIN = POINT(L1S)
YCOS = POINT(IC)
ASINFT (LeJ) = XSINeOX®YCOS
ACOSPT (1«0) = YCOS=DXeXSIN
RR = RO(J)CACUSPT(1leJ)
VW = «RO(NSK(J)PASINPT (] J)
Rl = Rlein
vl = vi.vyv
CONT InvE
RUI) = RIesnAMP
® o ® 9 o s COMPUTE MW SUBMERGENCE OF A POINT AND R THE WAVE
HW(I) 1S IN THE FIXEU COORUINATE SYSTEM
ne(l) = X(5)=E (1) *Sx6eN (1) ®CXO=R(])
IF (MW (]).6GT7.0) GU TO 65
CoAFT IS NOT SUBMERGED
MA(I) = @,
81 =o.
8(l) = 0,
G0 T0 75
V(I) = vie,amp
V(D) = Mu(D)/Z7(CR6-V(])eSXD)
O(1) 1S IN THE BODY AxIS SYSTEM AND 1S THE SUBMERGENCE
IF(DtL) JGE L. TEST(I)) GO 10 20
CRaFT 1S FARTLY SUumMbtwrGEU
B(I) = D(DYe(l./TA)@P]IMH
gl(ly = D(l)yo(lo/VA)epPIn
MA(L) = KARePmALFeB (I)eB(I)
00 TO 75
CHINE IS IMMERSED
Bl ARRAY IS USED FOR THE INTEGRALS OVER THE PORTION
OF THE MULL FOR &HICH THE CHMINE IS NOT IMMERSED
MA (1) =MMAX (1)
g(I)=pM(l)
sl¢l1=0.
CONTINVE
IF (NPRINTLTew) GO TO 85
WRITE (6 79) TIME
FORQMAT (* TIME = “eFlu,4)
WRITE(6676) (X(I)el=]e0)
WRITE(6e77) (R(I)olzloNym)
WRITE (6e73) (AWL]) g1=1sNUM)
WRITE (6479) ( (1) oInisnum)
wRITE (6939) (V(l)elz])onymy
WRITE (HeBl) (L(1)eI=]oNyM)
PRITE (8eB2) (Mat )y 131 4NUM)
FORYAT (" x{I) "46(2X4E12,6))

VAUX
VAUX
DAy
DAyX
LAUX
VAUX
VAUX




77 FORMAT (* R(IIV,10F)0,4)
T8 FOAMAT (" «u(l)vy10F10,4)
7Y FORMAT (¢ H(L)"“sJUuF})0,6)
89 FORMAT (» v(D)I"4lUF10,4)
8 FORMAT (¢ N(D)»slut 0.
8E FOQMAT (v MA(I) "410F10.4)
83 CONTINUE

Co® % o o & 2 COMPUTES NL AND FL AND THE ASSOCIATED INTERGALS
CALL FUNCY(X)

IF (NPRINTWLTL4)G0 Y0 17
WRITE(64191 TASFLAURAGeTZaWaNLsXDsToXP
15 FORMAT (v “,luEld,.o)
17 CUNTINUE
Co# o 4 ¢ 0 ¢ cOMPUTE THE F VECTON
F(lel) = TaeFL®*SXO-DRAG®CXE
F(lo\)=0.0
F(2e1) = T7+FLeCXO+DRAG*SXOy
F (e L) SNL-NRAGR XD Toxy
IF (NPRINTLT.DGO 10 18
WRITE(O LUY LF (Lel)elxled}
18 CONTINUE
Co o , o 08 COMPUTE THE A MATRIX
Allel) = MeMASHESXHeSXS
af{le2) = Ma5Se5A60( X6
A{l+3) = ~DA®SaD
All+2) = U,
Alled) = 0O,
A(2+1)2A().2)
A(2¢2) T MeMASSECLOSCXE
At2¢3) = =)JA%Can
A(Jel)2A(le)
At3e2)=A(L2+I)
A{3e3)2]Te1A
LF¢NPRINT LTI 00 YU 25
WRITE (69121 (A(lel)sl21ed)
WRITE (6e13) tALLe2Y ¢ 1214y
WRITE(6¢14) (Alle3) el=21,43)
Ce o o g0 s o INVRT THE A MATRIX
29 CALL MATINS (A9 I03¢F 9]y sDETERM IDs INDEX)
IF(INEQ.2IWRITE (ps26)

26 FOQMAT(n MAIRIA 1S SINGULAR ”)
Coonsaep ON RETUON wilL CONTAIN TRE INVENSE MATRIX
c [0=2 MatRIX 1S SINGULAR
(o z] INVERSE waS FUunD
C
Co o o 90 ¢ ¢ COMUTE THE RIONT nanD SIDE

KHS (L) = F(lel)
WHG(2) = F(2e1)
kMg () = P 13e1)
RHg(ly = 0,0
REg(a; = K1)
kMg (s) = X(2)
RHS (6) = X(3)

10 FORMAT (' Fitlel) "ed(2X4EL12.%))
12 FOR4AT (" Allel) "e3(2x9lc.%))
13 $Q0quAT (n Alled) "y3(2Xsrlde))
1o PURMATI?  Al1e3) "3 (2Ket1le%))

Daux
VAYX
DAUX
VAUX
DAyX
Daux
VAUX
DAUX
Dayx
vanx
OaAX
Dauyx
VAayX
OAux
DAyx
VAUX
CAUX
LAUX
DAvX
DAUX
UAUX
Vauyx
VAUX
OAUX
VAUX
DAUX
DAYX
OAUX
VAUX
oayx
uayx
DaAUX
Qagx
Oaux
DAHX
Davx
oayx
DAUX
Daux
Oaux
VAUX
gayx
oaux
VAUX
Oayx
Daux
OAyX
DAVX
VAR
VAUX
UALIK
VAYX
DAUX
VAUX
pDayx
Oayx
1.7} §
DALX
VAUX

100
101
102
103
104
105
106
107
108
10y
110
111}
112
113
114
115
116
1n?
118
119
120
121
122
123
124
125
126
127
128
129
130
13)
13¢2
133
134
135
136
137
138
139
140
141
1e2
143
144
145
1646
167
168
169
1580
151
152
153
15«
155
156
197
156
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| 30 IF(NPRINT.LT.Z) GU TO 40 VAUX 159
§ WRITE(6412) (A(lol)y15103) Daux 160
¥ WRITE (6913) (A(1el) I21eI) Dayx 161
i WRITE(6sl%) (A(143),1214I) DAUX 162
, WRITE(6439) (RPS(L)41x146) DAUX 163
i 35 FORMAT(®  QRS(Ll) "e6(2XesE1246)) DAUX 164
0 CONTINUE Oayx les

RETURN VAUX 166

; END Osuyx 167
: SURROUT INE FUNCT (X) FuNCY 2
3 REAL KAR FUnCT 3
! REAL JA1AR1PART oKP]oMAMASSN FUNCT &
s INTEGER END PUNCT S
3 DIMENSIOiN TPART(1cU)oCl(120)+C2 (12U} FUNCT o
3 ; DICLZ0) oN2(120) +D3(420) sU4(120) 9D5(120) ¢D6(120) s FunNCT 7
h . QPART (120) o Z1(120) +22(1¢U) ¢23(120)+241120)+25(120) FUNCY 8
\ o 26(120) 427(120) FUnCT 9
3 . oX(0) ovmaA(120) FUNCT 10
3 c FUNCT 11
g cou*ou /SHIP7 MAaSSeCINTaQAs(EICE29CEIIDMULEDMU E2UMUEIPMUF + MM FUNCT 12
i NLoFLeTASE(120) FUNCT 13
COMnON /CUNST/Z NCOECGeP [ yUFPRIRPLsONRAVTY sRHUSNUMeMA (120) ¢CDoTA, FUNCT 14

| . B(120) oBETAVHW (1200 9 TZ0RAGIWe XD ToXP oMo 1Ty . FUNCT 15
4 1 OELTASeTASEST (220) +KAR¢MMAX (120) + TEST (120) FUNCT leo
: N(120) 4PHALF FUNCT 17
; “COMMON /1n/ #M(120) 4B1(120) o VELIN FUNCT 18
‘ : COMMUN/ZOUT /NPR INT « NPLOT ¢ END FUNCT 19
' COMMON /wAVEL/ ZMA+ZWMASEMAS ¢ Z2WMA s ZWEMA4Z2WMA E2MAZ, FUNCT 20
1 ZwOUT (120) sASTINPT (120020) 9ACOSPT (120420) 9CX64SX6  FUNCT 21

; COMMON /WwAVE2/ WU (£0) 4K (20> +C120) +RWU(20) 4RWO2(20) sRK(20) o FUNCT 22
s : o RO(20U) ¢RWK (2VU) aMePHS (20) FUNCT 23
! COMMON /ZINTER/ 11eKTT(10)eDIFF (10) FUNCT 24
i COMMON/ TRANS/ZSTART oRISE sRAMK FUNCT 25
: CUMMON /TEST/ vMA FUNCT 26
| Ce o v oo s v oo INITIALI2E INTEGRAL SUMS FuncT 27
i MASS = 0.0 Fuyncr 28
QA = 0,0 FUNCT 29

i IA = 0,0 FunCT 30
CE = 0,0 funcT 31

§ (€2 = 0,0 FuUnCT 32
i - UMy = 0,0 . FUNCT 33
; tOMU=0,0 ! FUNCT 3«
¢ E20MU = 0,0 .. FUNCT 35
' £30MU = 0.0 o FunCT 36
X ofF = U.0 FUNCT 37
] MM = 0,V FUNCT 38
Zma = 0.0 FuNCT 39

ZwMA = 0,V FUNCT 40

geMAS = 0,0 FUNCT «l

| 1Zw4A 2 0.0 FUNCT 62
1 24EMA = U0 FUNCT 43
! 224MA = 0,0 FUNCT G4
1 L2MAZ = VU, FUNCT «5
3 VPART = X(1)eSIN(R(6)) eX () *CUS(R(B)) FUNCT w6
L C® % 2 o SET UP FUNCTIUNS FOR INTEORALS & o @ FUNCT &7
' DO 90 I=leuuym FUNCT Gd
IPART ()= tl) ot ova(]) FUNCT 49

QraRT(Iy=e () era(l) FyUNCT S0

2ZwnT = 0,V FUNCT bl

BB el S R Al At T AT = ot oo AN . e DTG AMBOEES BT o T Bt e o
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51

69

6l

6%
9

uaptl = 0.0

VROT = U,0

uwDE = 0,0

ANE = X(J)e(N(I)OURG=E(])2SKe6)
ANEQ = X (1o (E(l)eCx6eN(])®500)

vl 15 u = 1.1V

LMDTT 2 a0 (J)®ASINPT (1)

ZwpT = 2407+ 2CTT

VWDTT = «n402(J)%ACOSPT (1Y)

VDT = DwUT+DwDTY

VDRDTT 2 =R (J)2ASINPT (1520 %(X(1)eC(J)exNE)
URDT = DORUTSORCYY

DWDEE =3 =RwK (J) ®ACUSPT(14J)

UWDE = OwDE+Dwutt

CONT INUYE

ZaN0T (1) = ZwuleQamp

UNDE = DwUE examp

URDT = DRUTsRAMp

U s X{1)eCxo=X{2)#SX6e2uDUT(]) #Sx0
VEL = VPAKRT-A(J)®*E(])=-2wDUT{]I)®CX0
21 (1) = Ma(l)*2eDUT(])

L2¢1) = MA(])2UWDTE*QAMR
L3(1) a E(1)®2(])
Ze(l) = E()®21 (D)
29¢1) = Ma(]) eyu*DwWOE
6(1) = (1) *Lold

LT¢I) = Ma([)svEL®y

IF (VELJLE.0.) OGO TO 60

IF (BL{1)LELV.Y) GU TO SO
DIcI) = veLeHl (1) e (X (2)=XNEV=DRDT)
60 TY S1

vidhy = v,

CONT INYE

ve(ly = Ecny*oi(l)

Cl¢ly = viLeveL#*4(])

c2¢I) = E(I)eCl(D)

w0 TO 61

Dl(l) s 0,

w2l = v,

C‘(l) = U,

(.d(l) z 0,

CUNTINUE

L3cl) = MA(I)SUWOE*VEL
Da(l) = E(rsuail)

Pig = Pl72.

0o (1) = BIY*(Mw([)-B(1)#TA/2.)
V6(l) = vua(l)ee(l)e,S

CONT INUE

RHQG=RHI*G2AVTY

Pin = Pl/2,

KPL = Kawep]

EVALIATE INTFGRALS USING TRAP METHUY

9l

f =1

INDEX = ]

CALL TRAP(AACINUER) SDIFF (1) oXYT (1)« TMASS)
Catl TRAX (WANT (INDEX) oDIFF (1) okTT1]) e0QA))
CALL TRAPICLUINUER) DIFF (1) oKTT (1) aCEA)
CALL TeAP (G201 nWUER) «OIFF (1) exIT (1) eCERA)
CaLL TRAr (IPANTUINUEX) ¢OIFF L) okTT (L) s1AM)

44

FUNCTY S2
FUNCTY S3
FUNCY Sé&
FUNCT SS
FUNCT So
FUNCY S7
FUNCT Sd
FUNCT S9
FUNCT 60
FUNCT 61
FUNCT 62
FUNCT 63
FUNCT 64
FUNCT 65
FUNCT 66
FUNCT o7
FUNCT 68
FUNCY &9
FUNCTY 70
FUNCT 71
FUNCT 72
FUNCT 73
FUNCT 74
FUNCT 75
FUNCT 76
FUNCT 77
FUNCT 78
FUNCT 79
FUNCT AQ
FUNCT 81
FUNCTY 82
FUNCT R3
FUNCT B84
FUNCT AS
FUNCT B6
FuUNCT 87
FUNCT &4
FUNCT RY
FUNCT 90
FUNCT 91
FUNCY 92
FUNCY 93
FUNCT 94
FUNCY 95
FUNCT 96
tuNCy 97
FUNCTY 93
FUNCY 99
FUNCTIO00
rUNCT O]
FuNCTlO02
FUNCTI03
FUNCT104
FUNCTIO0S
FUNCTLOA
FunCTlo?
FUNCTLOY
FUNCT O
FUNCILLO

DR et




CALL TRAP(D1 (INUEX) oDIFF (1) oKTT (1) +DOMUA) FUNCTIIL
CALL TRAP(N2(INVER) 4DIFF (1) oxXTT (1) +EDMUA) FUNCT112
CALL TRAF(NICINVEX) oDIFF (1) oxXTT (1) +E£20MUA) FUNCTL L3
CALL TRAP(DG(INDEX) oOIFF (1) oKTT (1) 9+=30MUA) FUNCT1 14
CALL TRAP (DS (INVUEX) yOIFF (1) oKTTLI) sBFA) FUNCTI11S
CALL TRAP (DO (INVEX) oDIFF (1) oXKTT (1) edMMA) FUNCTI e
CALL TRAMP (7)1 (INVER) ODIFF (1) oRTT (1) eZManA) FUNCTLL?
CALL TRAP (22 (INDEX) JDIFP (1) oXTT (1) eZwMAA) FUNCTL18
CALL TRAP (73 (INVEKX) JDIFF (1) «XTT ([) 4EMASA) FUNCT119
CALL TRAP (764 (INDEX) oDIFF (1) oKTT (1) s 2ZuMAA) FUNCTL20
CALL TRAP(ZS(ANVUERY DIFF (1) oKTT (1) v ZWEMAA) FUNCTI2L
CALL TRAP({ZO(INUER) ODIFF (1) oKTT (L) 9o Z2WMAA) FUNCT122
CALL TRAP(Z7(INDEX) oDIFF (1) oKTT (1) oE2MAZA) FUNCTI123
FUNCT124

CONTINUE FUNCTIL25
MAGS = MASS + TMASS FUNCTI26
UA = QA ¢+ nAl . FunCrtl2?
IA =2 JA + [AA - FUNCT128
CE = CE + CEA . FUNCTI129
CE2 = CEC +» Ckea ¥ FUNCT130
UMy = DMU . OMUA . FuUNCTI31
€0MU = EDMi o buMya s - FUNCTL32
£20My = E2IMU « EcUMyA ; FUNCTL133
E30MU = LINDMU + EJUMUA FUNCT] 34
BF = BF ¢ 2HUGeBFA . FUNCTLIS
UMY = BMM . RALLeBSMMA ’ FUNCT1 3o
IMA = ZMA+7MAA % FUNCTIL3?
ZWMA = ZwMAeZuMap . - FUNCT138
EMAS = EMAG.EMASA ; FUNCT19
LZWMA = 224MA*2ZwmMAA ! s Cia, FUNCT140
ZWEMA = ZWEMA+ZuEMAA O, 4, FUNCTIl6]
Z2WMA = Z2vMA+22WMAA i FUNCT142
£2MAZ 3 EZ1AZ+E2MAZA R FUNCTIL6)
CONTINUE FUNCT 4%
IF ( I,GE.11)0U TLU 92 T FUNCTL4S
INDEX = INNEXeRTT(l)=1 FUNCTIGE
I = 1e1 FUNCT1G?
60 TU 91 FUNCT148
92 COUNTINUE FUNCTIGY
C FUNCTI1S0
C o ® oo 0 e o CALL COMPYUT TO FIND THE VALUE OF NL AND FL USING FUNCTISI
c THE VALUES OF ThE ABOVE INTEOLWALS FUNCTLSZ2
CALL COMMUT (X} FUNCTIS]
c FUNCTISe
IF(NPRINT.LT.3) GU TO 111 FUNCTI1S55
IF (NPRINY.FQ.J3) GU TO 108 FUNCTI1SS
LF (NPRINT .+ Q.4)GO TU 108 FUNCTI1S7
NRETE(6+49T) (IraRT(f)eI=loeNUM) FUNCTSE
WRITE(6,98) (QFART(I) 121 ,NUM) FUNCTISY
ARITE (6e9Y) (CLLI) eIx]onuM) FUNCTI6O
WRITE(6+1U0) (CL2(1)elz1eNUM) FUNCTI6L
WRITE(6102) (Ul(1)elz=loNUM) FUNCT 62
WRITE(6e103) (W2(D) o I=]eumM) FUNCT)e3
WRITE(6elU«) (LI(E) oI=1oNUM) FUNCT 16«
WRITE(64105) (Le(l)oI=1lgNuM) FUNCT1i6S
WRITE(6:1UR) (US(]) 1= oeNUM) FUNCT!iOD
WRITE(6e1172) (CO(1)oI=]eNum) FUNCTYInT
WRITE(H6L13) (Z1 () o]=]oeNUNV) FUNCTY 68
wRITE(6ella) (Ze(]) v =] eNUT) FUNCT LN




108
121

99
100
101
102
103
104
102
100
112
107
109

WRITE(64115) (23(1) s I319NUM)
WRITE(69114) (Le () e]2])eNUM)

WRITE (64t 1) (2501} s 1=]aNUM)
WRITE(6,119) (Zo(]) «I=]¢NUM)

wRITE (6120 (27 (1) sl=14nUM)
WRITE(A¢107)KPLoRHOUGPIH
WRITE(641U9) MASSHCINTsQAsCECE2+CED
eRITE(64121) A

FORQMAT (*

1A

ek l0,4)

WRITE (64110)DMUIEUMUE2DMU L IUMU o sF s BMM

WRITE (60117)ZMAs @A EMASsZ2wMA, 20t MA,ZZWMAE2MAZ
CPART(1)1",10(2XeELV,.4))

IPART (1) 410 (2XsEL0,%))

NPART (1) "9 10(2XeEL10.%))

FORMAT (v
FOQMAY (v
FOQMAT (¢
FOQMAT (o
FOQ4AT (v
FURMAT (»
FORMAT (*
FOQMAT (»
FOQMAT (*
FOQMAT (»
FORMAT (v
FOQ9AT (v
FUQMAT (»
FURMAT ("

(3}
ce
cl
21
ne
93
Ve
“S
N6

"y 10(2XsEL10.4))
"a10(2X9ELVL4))
Nel0(2XsELD.4))
"o 10(2X9E10,4))
"el0(2X0E10,4))
"el0(2XeELlUL4))
"e)0(2XeE10e4))
"el0(2XeELV.4))
"e10(2XsELl0.%))

KOH] Y3ELU 4e"RHUG NeE] 040" PHIH "sE1D.%)

MaSS “eEL0 49 CINT “eE10.4e" QA "eEL0%e™ CE "4t 10,40

8nCcd MyElU, 69" CES MyE10.4)
110 FOQYAT (" DAY "ot lUosts” EDMU “eELlUGe™ E20MU "oE10,44" E30MU *o

ot10,.49" bt

113
114
115
116
113
119
120
117

11

L]
COMAON /CUNST

.
1

FORMAY (o
FOQMAT (4n
FORMAT (4
FOQMAT (4
FOQMAT (e
rOQMAT (4t
tOQMAT (on
FORMAT (b

CONTINUE
HETURN
END

7}
z2
23
24
5
76
27

eElu aen BMM Yot lU.&)

210 (2X,E10,4))
210 (CX4EL10 %))
s1U(CX4ELO %))
s lU(CRG4ELDe4))
eV (2N GELD44))
s lU(CRIELD4))
AV (2XEL1D4))

748 £ 10 HebH 2WMA 4E1D4ebH EMAS +ELD.%y
T 22wWMA JEL10,4,7H ZebMA (EL0.Ge7H ZZWMA +EL10,.4,
14 EZMAZ 9E10.4)

SURROUTINE CUMHUT(X)
DIMENSION x(6)

REAL KAR.KPI
REAL NL¢MASS.MA

COMMON /SHIP/Z MASSeCINTeQAGCEGCE2+sCLIgyDMUGEDMUGE20MU E3DMU 4 BF ¢ BMM, COMPUT
NesFLelAa,E (120)
7 NCUIECGoR] yOPReRPDsORAVTY sRHUNUMIMA (120) 4CDWTA,

H(12U) oBETAMN(LC0; o TZoURAGIme XD o T XPyMeI Ty
UDFLTASeTAGEST(12V) o KA MMAK(L20) ¢ TEST(120)

n(120) oPrALF

*

COMMONZOUT /NP2 INT «NPLOT 4END

COMMUN /ZTeaMS/Z T1eT24T3¢T9eT5eT64T7478

COMMON /WAVEL/ IMAGZwMAGEMAS s LZWMA 2 IWEMA G 22WMAJEPMAL

H
c

ZwuUT (120) +»ASINPT (0204¢0) ¢ ACUSPT(120+20) +CADISXG

COMMON /TLST/Z vmMa

C o @ o 00 0 0 o SEt PAGES 7e8¢ ANV 9 U NOTES

FUNCTL170
FUNCT1?7)
FUNCTLT2
FUNCTIT]
FUNCT174
FUNCTIL TS
FUNCT1 76
FUNCTLITT
FUNCTIT78
FUNCT1T79
FUNCT1RO
FUNCTISB1
FunCrls2
FUNCTIB3
FUNCT184
FUNCT18S
FUNCT1806
FUNCTI187
FUNCTIARA
FUNCTLAS
FUNCT]190
FUNCT191
FUNCTLI92
FUNCT193
FUNCT194
FUNCT195
FUNCT196
FUNCTL197
FUNCT198
FUNCTI199
FUNCT200
FUNCTR01
FUNCTZ202
FUNCT20D
FUNCT 204
FUNCT205
FUNCT206
FUNCTZ207
FUNCT203
FUNCT209
FUNCTZ10
COoOMPUY
coMPUT
CoMPUT
COMPYT
COMPUT

COMPUT
COMPUT
covPyrTio
coMPut Ll
COMPUT ]2
COMPUIL
CUMPUT ]«
COMPUTIS
COMPUTLm
CoMPyrT1?
COoMPTIA
COMPYTILY

CXT~NT S & W



20

= COS(X(6))
SX6 = SIN(x(0))
=

Cxs

Pin Pls2.0

KPI = KAR®P]

CONS1 = CXb

CONS2 = (KRPI®RNUSPIN/TA)/CXb
CONS3 = CxneSXo
CONS4 = Cx6eCXo
TERYL = X(1)e*CXe
TEQMZ2 = X (2)*Sxe

UVGUM = (X (1) *(R6=(X(2)=20DUT (NUM)) ®SX6) ®

¢ (K(1)®SKO=X(3) *E (NUM) ¢ (X(2) =ZwDOT {NUM) ) #CX6)

IMA = ZMA®Y{3) *uXé
L2WMA = 224MA® A (3)*SXE
ZdMA = 2wMaeCUNS]
EMAS = EMASSCUNS]
UMY = DMUSCONSc
EDMU 3 EOMijsCUNSZ
CE = CEeCUeRMY

CE2 = CE2eCD*rNO
E2DMY = E2DMUP(ONSJ
E30MU = £3DMURCUNSY
IWEMA = ZWEMA#CUNSS
ZI2WMA 3 ZZ2aMAPCUNSH

Tl
Tl
12
13
Tae
NL
75
75
76
L4
78
8F

QASX (J)*(TERMLI=-TERM2)

Tl o Z228MA = EMAS

EOMU

CE2

MA (NUM) ot (NUM) aUYNUR o ECMAZ o EI0MU = Z2uMA o BMM
T1 ¢ T2 » T3 + T4 o oMM
MASS®X (3)® (TERM2-TERML)

TS ¢ 7WMA = MA

=DMy

-CE

«MA (NM) sUYNUM « E20MU o ZwEMA
BF /Cx~

FL2TS54T6¢T7+78~0F
IF (NPRINT.LT.3)GO TO 30

25 CONTINUE

10

WRITE (69 J0INLoFL
FORMAT (M NL = "oE12,6¢" FL = mycld,.0)

30 RETURN

* @

QOO OHOOOOOHOOO

END

SUBROUTINE INFUT

e @ » o o DEFINITIUN OF INPUT VARIABLES
XA = INITIAL TiME
XE = FINAL TIMc

HMIN = MINTMUM STeP SIZ2E

HMAX = MAX[MUM $Ter SI2E

EPsE = RetLaTlve EnxOR CRITEMIUN YSED FOR VALUES OF Y GT A

EFS = ERRUR CRLITERIUN IN KUTHMER
A = ABSULUTE £wRUR CRITERIA USED IN KUTMER
NPQINT = 1 FINAL PRINTOUT

= 2 vaTRIX INVERSE MATRIKsF CULUMN MATRIXGAND KUTMER

47

PRt e LR Y S

e ——

COMPUT20
ComMPUT2])
ComPyT2?2
COMPUT2]
COMPYT 24
CoMPUT25
COMPYT25
CoMPyT27
COMPUT28
COMPUT2Y
COMPYT30
COMPYT31
COMPUTIZ2
COMPUT33
COMPYT 34
COMPYT IS
COmMPUT 36
CoOMPYT 37
COoMPUT 38
COMPYT3IY
COMPYT40
COMPYUT4]
COMPUT4?2
COMPUTAD
COMPUYT 44
CoMPUT4S
COMPYTSL6
COMPUYTG?
COMPUTGS
COMPYTGY
COMPYTSO
COMPUTS]
COMPYUTS2
COMPUTS3
COMP1ITSe
COMPYTSS
COMPUTS6
COMPUTST
CoMPUTS8
COMPYTSY
COMPYTE0
COMPUTH!L
CoOMPUTEZ
COMPUTH]
COMPUTEG
COMPUTES
COMPUT66
COMPYTG?
INPUT
INPUT
INPUT
INPUT
INPUT
INPUY
INPUT
INPUTY
INPUT 10
INeuT 11
INPUT 12

OCE ~FPLEWN

.

G S ARG VT i i I e RN WO e i, A MM!&?
S QTR




e i 4

(el N e e N ey o N N N o N e N N e N e N e N a N N e N o N o Yo Y W e N e Yo XaXa s Rals s aXniaaXatataNeteXaXa o ke

(g X o}

RESULTS
= 3 INTEGRAL VALUES
2 4 CALCULATED VALUES-CONSTANT FOR GlVEN INPUT VALUES
NPLOT = 0 N PLUT
1 PRINTER PLOT
END = NUMBER OF RUNS

M = MASS OF CRAFT
W = WEIGHT OF CRaFY
TZ = THRUST CUMPUNENT IN Z UIRECTION
TX = TrARUST CUMPUNENT IN X DIRECTION
XECG = DISTANCE FRU% CG 70 CeNTER UF PRESSURE FOR NORMAL FORCE
xP = MOMENT AxmM OF PROPELLEK THRUST
X0 = DISTANCEL FROM CG TO CENTER UF PRESSURE FOR DRAG FURCE
KAtl)= ADDED MaSS COEFFICIENT
AN ARRAY GLlyeN THE yALUE Kar wHICH IS READ IN
BM(I) = EAM AT F<tE SURFACE OR AT CHINE

URAG = FRICTIoN D=AG
K 2 WAVE NUMBEw
RO = WAVE MEIGHT
NU = wWAVE SLUME
NUYM = NUMMER UF STATIUNS
BL = HUAT LENGTRH

LAMBDA = wAVE LENGTH
RG s RANIUS UF GENERATION IN FEET
T = PRUPELLED TMRUST IN LAS
GAMMA = PROPELLER THRUST 4aNuLE IN OEGREES
VELTAS=STATION SPACING IN FEET
ECG = LONGITUUINAL CENTER OF GRAVITY
NCG = vEoTICAL CO
BETA(I) = NEAU RISE
NO(I) = HEIGNT OF “EAN BUTTOCRK
RHO = DENSITY OF waTER
GRAVTY = OuavilyY Fl/S5ECee2
OPR = DEGREES PER RADIAN
RPU = wrAdlANY P& DEGREE
Pl’Jol‘Ol"Voocooc

EST(1) = STATION POSITION
START = START TIME UF THE RAMP FPUNCTION FUR SEA wAVE

RISE = DURATIUN OF THE RISE FROM £eRO TQ ONE OF THE RAMP

® & o 8 009 8 e |[C UPIIONS

IC(l) =1 USE wAVE 2 OISTANCE IN COMPUTING LIFT CUMPONENT
OF NL AND FL

REAL IToRoMeMASMMAX NUSNoNCOoNOyMASSoNL ¢ [AKAR
INTEGER ENO

COMMON /CUNSTZ NCOSECGIPI+DPRIRPDIGRAVTYoRHOINUMsMA (120) «CDoTA,
. B(I2U)oBLTAHWILICO0) o TZ4ONAGIReXDeToeXP oMol T,
l DELTASsTAGEST (120) e KARGMMAR (120) ¢ TEST (120)

N(120) oPHALF

INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUTY
INPUY
INPUTY
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
InPUT
INPUY
INPUT
INPUT
INFPUT
InPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUY
INPUT
INPUY
INPUT
INPUT
INPYT
INPYT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUYT
INPUT
INPUT
In297
INPUTY
INPUY

COM"ON 75n19/7 PASSSCINT20AsCEGCEZsCEI9OMULEDMULE2DMU 4 EIDMU 4 BF 4 BMM, INPUT

NLoFLeTAGE (120)
couno~ 7INy uM(L2U) 48) (12V) eVELIN
COMMON /IN?/ NC(12U) oXAeXE oH1AX JMMINGA (6) +EPSE (6)

43

INPUT
INPYUT
INPUT
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CossesesaCUMPUTE CUNSTANTS AND INITIAL]2t ARRAYS

i

® 0 & 6 6.0 0 o

10

30
32

COMMONZOUT /NPR INT o NPLOTSEND

COMMON /ACCEL/ XACCL +BWACL «CGACL 4HL

NAMELIST/HSP/AGNPHINT ¢NPLUTsEND oW oL o TZ9 TX o RECG e XP o XD
ORAG RG ¢ T s GAMMALECOINCOIKAR ¢ NUMBE TALEST
sXASKE oINS HMAX JEPS) VELIN

UATA A /.U14,U00L14.000084,14.00014,00001/

OATA NPRINT ¢NFLUTLEND/Lolel/

DATA WoBLoTZoTAsXECGeXPoXDoURAGIRG Ty GAMMA,
ECGINCOINAN /16,33, 7200%0,09e922002%0,0,
2e32540,0,1.0/

DATA NUMGBETALST 777,20,0.

0,00004,031¢90,062500,V93794,185004.15625,,18750,.21875,

«2500V¢,2384cHe .3]250..."0.’75..3’500. 0 @060294 43750, .46875,

0500000 ,531€D4:9602500659379¢,625009.65625¢,68759,71875¢

e 750000 ,781¢C5¢o812509,843799,875009.90625¢,93750,,96875,1.000,

1606290¢104¢90001,1875001,29000e)(312541,37500,1,4375,

1050001 ,562901,62501,687901,7901,812501,47501.937962,00

2400290212542, 187502,¢502631299¢,37502,9375,2,542,5625,2.625,

2¢687992.79:2.8125,2.,8750,2,937943,043,0025,3.1¢5,3,1875,

34250007331¢5 03,37503,4937593.903,562943,62543,6875,3,75 /
DATA XA XL JHMINHMAXJEPS /0,0020,V9040¢59410415/7

DATA VELIN /19.02/

® o ® o 2 o READ IN AND wRITE OUT KUTMER PARAMETERS AND PROGRAM

OPTIONS
READ (SenSP)
aRITE (HyHSP)
V0 10 [=1len
EPSE(]) = FPS

e o ® ¢ e o SET UY CONSTANTS
Pl = 3.141592653549
GRAVTY=32. 184
uPR=S7,29577951 304
RPD=,01T7653292519

IF (EST(NUM) LT BL) STOP 3

COMPUTE NU AND M ARHAYS

THIS IS FoR SkeClaL BOw FORM ONLY. CHANGE PROGRAM
THRU STATEMENT 32 FOR NEw BUW SHAKE

DO 32 I=zleniM
IF(EST(I) oGELO.75) GO TO 30

WO ([)3=0,4568790 (] ,0-SQRY(EST(1)/0.37S=(EST(1)/0,75)%22,0))
BM(1)2,37305QRT (1, 0=(EST(1)/,75=),)002,0)

60 TO 32
NO(])=0,0
oM(I) = 0,375
CONT INUE

MaW/GRAVTY

RHO=1,99

[ T=MORGONYG

PHALF = (Pl/2.)e8n0

uwETA = BETasrru
CU = COS(dETA)

INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
LNPUTY
INPUT
INPUT
INPUY
INPUT
INPUT
INPUY
INPUT
INPUY
INPYT
INPUT
iNPYY
INPUT
INPUTY

99

INPUYTILO00
InNPUT1O)L
INPUTIO02
INPUTIO03
INPUT10W
INPUTLOS
INPUT106
InPyT1O?
INPUTLO08
InPUT109
INPUTL1O
inPyTlLL
InPUTLY
INPUTLLI
InPUTL LG
INPLTILS
INPyTLLE
INPUTLLT
INPUTI IR
INPUTILY
INPUT L0
INPUTIZI]
INPYTIZ22
InPUTIZ3
INPUT 124
InNPytiES
INBYTI20
Inpytie?
INPUTL?E
INPUTILIZY
InPUTL30

bk AR



i ot

C
C

200
800

TA = TAN(BETA)

VO 60 1s1.NUM

(1) = ECG-EST(])

N(I) = NCG.NOL(I)

MMAX () = KAR®PFRALFe@M(I)®8M(])
TEST(I) 3 (2.%=M(])eTA) sPI

68 CONTINUE
END=END )
RETURN
END
SUBROUTINE PLUTER (FXeXAsrMaxeIgeIirT)
c
C INPUY:
c FX A TwU DIMENSLIONAL AK<AY CONTAINING PITCH AND
Cc nEAVE VALUES AT EACH TIME STEP
C XA INITEAL TIME
; Cc HMAX TIME INTERVAL, PTIME®*MMAX = INTERVAL BETWEEN
3 C FA VaLyts
1 c I8 NUMBER OF FX VALUES
| [~
i Cc
N REAL IToKoLAMBUAMeMAMMAX 3Ny NCG
| INTEGER END
é Cc
UIMENSION FX(29¢000) (FMIN(2) oF MAXLZ2) oNVAR(2)
COMMON /CONST/ NCGIECG P ] +DPRoRPUIGRAVTY sRHIJNUMeMA (120) 4CDTAy
. B(120)¢BETAMW(120) s TZoDRAGe e XDeToXPoMoITy
1 DELTASITASEST (120) o KAR ,MMAX (120) s TEST(120) 9
. N(120) ¢PHALF
COMMON/ZQUT/NPRINT +NPLOTIEND
3 c
4l Co e a oo o 00 ST UF VALUES FOR PLUT AND CREATE PLOT
i HNFUN=2
L C® oo o o8 a0 SET yr MIN AND Max LIMITS FOR PLOT
] FMIN(LIZFX(1o))
; FMIN(2)2FX(2e1)
¢ FMax(l)=Fa(lel)
;- FMAR(2)2FK(241)
C

00 200 I=1.14
IF¢FX(lal) LTt MINCL))FMIN(D)=FX (L )
IF(FXULal) GTFMAX(L)IFMARCLIZFR(Lo ]}
IF(FX120)) LTt MINI2)IFMIN(Z)SF R (e ])
IF(FX(201).GTFMAR(2)IFMAR(L)FX (20 ])
CONT INUE

CONTINUE

NvaR({1)=10H MEAVE

NVAR{2)=10% PLIJCH

Nl=2

X0=XA

VELX = HMAX

IF(NPLOTEN1ILALL PLOT2(FX+FMINIFMAXsNVARGNFUNSN1 9 1B+ X04DELX)
HETURN

END

SUSROUTINE ThAK (FoDXoNPTSeANS)

INFUTS

INPUTLI)
INPUT LI
INPUTLI]
INPUT 136
INPUTLIS
INPUT L I6
INPUT]I?
INPUT] 38
InPUTLI9
INPUT GO
PLOTEW
PLOTER
PLOTER
PLOTER
PLOTER
PLOTER
PLOTER
PLOTER
PLOTERLO
PLOTER]]
PLOTERLZ
PLOTER]I
PLOTER]LG
PLOTERLS
FLOTER]G
PLOTER]L?
PLOTERLS
PLOTER]S
FLOTERZ20O
PLOTERZL
PLOTER22
PLOTER2]
PLOTERZG
PLOTE®2S
PLOTER26
PLOTERZ2?
PLOTER2S
PLOTER2Y
PLOTERYO
PLOTER3]
PLOTERI2
PLOTER3]
PLOTERJIS
PLOTERIS
PLOTERIS
PLOTER3?
YLOTEwIB
PLOTER 39
PLOTE RGO
PLOTEWGL
PLOTERe2
PLOTE =43
QLOTERGG
FLOTERGS
PLOTER@O
PLOTEKGT
fRaP 2
TRaP 3
TRaP “

VT ~NOVEWN

PR

—




i . 80
99

8y
90

: ¢ F ARRAY OF FUNCTIONAL VALUES UF THE INTEGHAND
¥ c Ox Tht X INTERVAL WtTwttN VALUES
] ’ c NPTS TrE NUMBER OF VALUES GIVEN
) ¢ OutPyrT:
; C ANS TRE VALUE OF TnE INTEGRAL
C
}, DIMENSION F (NPTS)
: ANS=0,0
3 IF (NPTS, LT, 2)6V0 TU 999
1 U0 1 Izl.nPTS
- 1 ANS=ANSer (1)
! ANSZ0X® (ANS=0.2® (F (1) +F (NPTS)))
: 999 CONTINUE
al “ETURN
- END
3 FUNCTION RMP(T+START4RISE)
J Ce®® o e o oo TAIS FUNCTION IS USED TO GRADUALLY [MPLIMENT TRE WAVE
i c
: c T CURRENT TIME
! < STARY YIME YO START KAMP FRUM 0,0 TO 1,0
. c RISE ThE LENGTH OF THe RISE FROM 0,0 7O 1,0
: C
' n=0,0

IF(T.LT,STARTIGO TO 99

IF(RISE.t2,0.0)00 TO 80

TOP=T=-START

nzl,0

IF (TOP LT RISE)M=TUP/RISE

60 70 99

H=l,

LF(TLEQ.STARTIN30,5

nMpEr

RETURN

ENp

SUBROUTINE SEAwAY

REAL K. ... -

COMMON /wAVEZ/ w0(20) ¢K(20) ¢C(20) +RWO(20) +RWO2(20) eRK(20) »
6 RO(20) o WX (2VU) onePRHS(20)

COMMON /ZCUNSTZ NCGIECGoPIsDPRIRPUIORAVTYoRHUSNUMeMA (120) 4CDoTA,
. B(120) ot TAGHW (120) s TLsDRAGIWe XD To AP oMo IT,

1 DELTASeTXGEST (12V) oKARGMMAX (120) o TEST (120D
. N(12V) o PRALF

READ (S.80) n

dARITE (6499) H

FORMAT (8F10.4)

FORMAT (274 SIONIFICANT wAVE HEIGHT 2 JEL10,692X¢SH FEET,2/)
HROVT = SQRT(M)

WwN = 2,276/nRUCT

a0(1) = 7956,
w0(2) = wnN

WO(3) = l.1683%aN
wO(6) = J.403004N
a0(S) = 1,6013%aN
wO(6) = ] ,79b3%yN
W0 (7) = 2.0035%aN
wo(8) = 2,19 l%4N
wO(9) = 2.3vl9%un

w0(l0) = 2.61¢%an
RO(1) = 0.]1300en

TRAP S
TRaAP 6
TRAP ?
TRAP 8
TRAP 9
TRAP 10
TRAP |1}
TRAP - 12
TIRAP 13
TRAP 16
TRAP 15
TRAP. 16
TRaAP 17
TRAP 18
TRaP 19
RMP 2
RMpP k)
FMP o
wMp 3
RMP 6
RMP 7
RMP 4
Hup 9
RMP 10
P 11
RMP 12
Mp 13
Rup 16
ANP 1S
“up 16
R[NP 17
oMP 18
RMP 19
RMP 20
SEaway 2
SEAwAY 3
SEAWAY 6
SEAWAY S
SEAWAY o
SEAwWAY 7
SEAwWAY 8
SEAwWAY 9
SEAwWAY]O0
SEAwAY]]
SEAWAY]?
SEAwAY1]
SEAwAYl 4
SEAWAYLS
SEAWAYLG
SEAWAYL?
SEAwWAYIS
SEAWAY]9
SEAwAYZO
SEAwAYC ]
SEawaY?2?
SEAwAY?2)
SEAWAY e
SEAwWAY?S
SEAWAY20




- 2

s o b L

T c
RO(2) = 0,186)en
RO(J) = y,1692en
NU(4) = 0,])302%n
RO(S) = 0,099ven
ROC(6) = Q.977)en
ROCZ) = 0,0600en
HO(H) = Y,)682en
RO(9) = u,.0390en
RO(10) = 0, 06200
PASil) = 005
PHS(2) = 2,41)

PHG(3) = 5 20
PHG(4) = 4 _00
PHS(S) = 0,00
PHS(6) = 1,27
PHS(2) = 3,11
PHStE) = 2,9¢
PHS(9) = 3,55
PHS(10) = 9,7v
V0 SO0 J=l,10
K(J) = wO(y)ouuig) /GRAVTY
Cy = GRAVTY/u0(J)
RWO(J) = RD(J)*d0 ()
RWN2(H) = IN0(y) *y0(y)
HUK(J) = R40(J) *K (y)
RK(J) = RO(J)*n (J)

SO0 CONTINUE
KETUNN
END
SUSROUTINE TABLE
CUM*ON/SINE/POINT(IOOO)
UX =2 ,00314]1%59c05%
X =z 1,5707962¢7
Vo 100 J=1,501
POINT () = SIN(X)
K = 1002-4
POINT(K) = <PUINJ(J)
X = XeDX

100 CONTINUE
RETURN
END

e —————

52

SEAwAY2Y
SEAwaY2a
SEAWAY2Y
SEAWAY)IO
SEAWAY3)
SEAwWAY3?
SEAWAY33
SEAWAY3
SEawayis
SEAWAY36
SEAwAY3?
SEAwAY38
SEAwAY39
SEAwAY4O
SEAWAY4]
SEAWAYS2
SEAWAY, 3
SEAWAYGG
SEAWAY4S
SEAwA Y46
SEAWAYSLT
SEAwAY48
SEAWAYGLY
SEawAYSO
SEAWAYS]
SEAWAYS?2
SEAwAYS3
SEAWAYSSH
SEAWAYSS
TagLE
TARLE
TABLE
TABLE
TASLE
TABLE
TASLE
TABLE
TABLE 190
TABLE 11
TABLE 12
TARLE 13

OCDNC VN wn
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DTNSRDC ISSUES THREE TYPES OF REPORTS

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

2. DEPARTMENTAL REPORTS, A SEMIFORMAL SERIES, CONTAIN INFORMATION OF A PRELIM-
i 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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