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NOTATION

A Mass matrix

AR Section area

a Correction factor for buoyancy force D D C
b Half-beam of craft f -i

CDc Crossflow drag coefficient 4 APR 3 1

CA Load coefficient A/pg(2b) 3  LIj), . --y
LSW)L

CX Wavelength coefficient L/X [CA/(L/2b) 2 ] 1/3

D Friction drag force

Fx Total hydrodynamic force in x direction

Fz Total hydrodynamic force in z direction

F0  Total hydrodynamic moment about pitch axis
, -" -', - -,

f Two-dimensional hydrodynamic force .i'. S~r

g Acceleration of gravity . ,

H Wave height, crest to trough ....................... ......
: .7 .... ............. .. . .... .......... .

h Vertical submergence of point below free surface . ,..

h Double amplitude of heave . - f -

I Pitch moment of inertia H
Ia Added pitch, moment of inertia

k Wave number

ka Two-dimensional added-mass coefficient

L Hull length

LCG Longitudinal center of gravity, percent of L

M Mass of craft

M1a Added mass of craft

V



ma Sectional (two-dimensional) added mass

N Hydrodynamic force normal to baseline

r Wave elevation r = ro cos (kx+cot)

r. Wave amplitude

U Relative fluid velocity parallel to baseline

V Relative fluid velocity normal to baseline

V/v/T Speed-to-length ratio in knots/ft" 2

W Weight of craft

wz Vertical component of wave orbital velocity

ývz Vertical component of wave orbital acceleration

x Fixed horizontal coordinate

K Vector of state variables

XCG Surge velocity

xCG Surge acceleration

XCG Surge displacement

z Fixed vertical coordinate

zCG Heave velocity

ZCG Heave acceleration

ZCG Heave displacement

i3 Deadrise angle

A Hull displacement W

Body coordinate normal to baseline

X Wavelength

0 Pitch angle

i) Pitch angular velocity

vi



0 Pitch angular acceleration

0 Double amplitude of pitch

t Body coordinate parallel to baseline

p Density of water

co Wave frequency

2 Wetted length
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ABSTRACT

A nonlinear mathematical model has been formulated of a

craft having v constant deadrise angle, planing in regular waves,

using a modified low-aspect-ratio or strip theory. It was

assumed that tile wavelengths would be large in comparison to

the craft length and that the wave slopes would be small. The

coefficients in tile equations of motion were determined by a

combination of theoretical and empirical relationships. A
simplified version for the case of a craft or model being towed
at constant speed was programed for computations on a digital

computer, and the results were compared with existing experi-

mental data. Comparison of computed pitch and heave

motions and phase angles with corresponding experimental data
was remarkably good. Comparison of bow and center of

gravity vertical accelerations was fair to good.

ADMINISTRATIVE INFORMATION

This investigation was authorized by the Naval Sea Systems Command with initial

funding under Task Area SR-Q23-0 101 and completion under Task Area ZF-43-421001.

INTRODUCTION

Computer programs for estimating the motions of displacement ships in waves for all

headings and speeds have been in existence for some time. Comparable computational

schemes for planing craft do not exist except in limited and restricted cases. A program for

planing craft would be quite useful to the small craft designer, providing a means for

systematically exploring the raffects of numerous design variations on performance of the

craft in waves. With minor mzdification, the program could also be used to examine the

merits of a hybrid craft design, e.g., a combination of planing craft and hydrofoil.

Predicting the motions of a planing craft in wave's is by no means a simple problem.

The analytical description of a high-speed craft, planing in waves, involves several different

types of flow phenomena, including planing; hydrodynamic impact, and, to a lesser extent.

surface wave generation and hydrostatics. Also, the mathematics tend to become nonlinear

rapidly as the motion increases or, likc the real craft, can in some instances exhibit large

instabilities such as porpoising.

Development of a computer program that would take into account all of the previously

described factors and would be applicable for a wide range of speed and wave conditions

requires a careful and systematic study in seveial stages with appropriate verification at each

srlge. To lay the foundation for such a general program, a simpler problem has been



formulated in this report with potential for expansion and generalization to the more

complicatod case. The simpler problem is that of a V-shaped prismatic body with hard chines

and constant deadrise planing at high speed in regular head waves.

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 hydrodynamics. Wave input is restricted

to monochromatic linear deepwater waves with moderate wavelengths and low wave slopes.

MATHEMATICAL FORMULATION

GENERAL

Consider a fixed coordinate system (x, z) (Figure 1) with x axis in the undisturbed free

surface, pointing in the direction of craft travel, and the z axis, pointing downward. If the

motions of the craft are restricted to pitch 0, heave ZCG, and surge xCG, the equation of

motions can be written as

MWcG =Tx -Nsin0-Dcos0

M'CG =Tz-Ncos0+Dsin0+W

16 =Nxc - Dxd + Txp (1)

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

Tx is thrust component in x direction

Tz is thrust component in z direction

xc is distance from center of gravity (CG) to center of pressure for normal force

xd is distance from CG to center of action for friction drag force

Xp is moment arm of thrust about CG.

Equation (I) is exact: however, defining the hydrodynamic forces and momentv i% waves

can he extremely difficult.



A high-speed craft moving in waves may transit through several regimes that have

different hydrodynamic flow characteristics. For example, as the craft moves away from the

crest of wave, the flow may be characterized by unsteady-state planing until the craft collides

with the oncoming wave crest and enters another regime in which impact forces are important.

After the impact, the craft may enter still another regime in which it is planing but in which

buoyancy forces are rather significant.

The most promising approach to a method that would incorporate all three types of flow

conditions into a general formulation would seem to be a modified strip theory. The

mathematical justification for this approach is not rigorous; however, there is sufficient

precedent to expect promising results. For example, impact loads on landing seaplanes can

be estimated reasonably well using a strip theory incorporating the Wagner two-dimensional

(2-D), expanding-wedge theory,' and Chuang 2 has provided a strip method for determining loads

on an impacting prismatic form that agrees extremely well with experimental results.

More recently, Martin 3 has developed a linear strip theory for estimating motions of a

planing craft at high speed, which shows good agreement with experimental results. A

nonlinear model of the equations of motion would be expected to provide, in addition to the

motions, reasonable estimates of the vertical accelerations which are an important consideration

in designing a planing craft.

TWO-DIMENSIONAL HYDRODYNAMIC FORCE

Implicit with any strip method is the need to define the 2-D hydrodynamic force acting

on an arbitrary cross section of the body. The 2-D flow problem is not simple: however, it

lends itself to an empirical approach, using a combination of techniques used in hydrodynamic

impact and low-aspect-ratio theories.

The typical cross section of a hard-chine, V-shaped prismatic body such as that being

considered here is shown in Figure 2. Figure 2 actually illustrates two different idealized-

flow conditions, assumed to represent the crossflow during unsteady planing, depending upon

whether the flow separates from the chine (Figure 2a) or not (Figure 2b). Nonwetted-chine

flow conditions are typical of the sections near the leading edge of the wetted length of the

craft. Wetted-chine flow conditions are more typical of sections near the stern, except

possibly in the most extreme motion and wave conditions. Some sections between leading

edge and stern may alternate between flow conditions as the wetted length changes with the

motions.

*A complete listing of references is given on page 33.

3



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

quasi-steady and is assumed to contain components proportional to the rate of change of

momentum and the velocity squared (drag term), i.e.

f -i•(maV) +CDcpbV2 (2)

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

ma is the added mass associated with the section form

CD'c is the crossflow drag coefficient

p is the density of the fluid

b is the half beam.

For sections near the leading edge of the wetted length with nonwetted chine, the

added mass is assumed to be defined in the same manner as during an impact which for a

V-shaped wedge is given by

ma = ka 7r/2 pb 2  (3)

where ka is an added-mass coefficient that may also include a correction for water pileup-

ka is assumed to by 1.0 without pileup correction.

The rate of change of momentum of the fluid at a section is given by

Dt a a a at adt

where t is the body coordinate parallel to the baseline; see Figure 1. The last term on the

right-hand side of Equation (4) 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

substantive surface moving past the body with velocity U = -dt/dt tangent to the baseline.

As the strfa•.' moves past the body. the section geometry in the moving surface may change

with a remultant change in added mass. This term exists even in steady-state conditions and

i,% lt lift-producing factor in low-aspect-ratio theory.

rh - mdded m;,%s of a section with fully wetted chlines has not been developed to the

%.Iarw -xfe'tl as thie V wedge. II steady-state planing problems such as those of Shuford,4

4



the crossflow is treated as a Helmholtz-type flow in which the Bobyleff results are used for

estimating drag coefficients. Helmholtz flows are applicable only to steady-state conditions;

so, it is assumed that the added mass for the fully wetted chine flow can be determined from

Equation (3) using the value of the half-beam at the chine. In using the Shuford approach,

it is assumed that the crossflow drag t ,efficient for a V-section is equal to the drag of a flat

plate (CDC = 1.0) corrected by the Bobyleff flow coefficient approximated by cos 0, i.e.

CDc = 1.0 Cos (5)

The Bobyleff flow coefficient is the theoretical ratio of the pressure on a V-section to that

experienced by a flat plate for a 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

herein to act in the vertical direction and to be equal to the equivalent static buoyancy force

multiplied by a correction factor, i.e.

fB = -apg(A) (6)

where A 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. Shuford 4

in his work on steady-state planing recommended a factor of one-half to obtain the correct

buoyancy force. In the following computations, the buoyancy force was corrected by a

factor of one-half, i.e., a = 1/2. The buoyancy moment, 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.

Equation (2) is a synthesis of several idealized flow conditions combined in an empirical

manner. In all of these flows, it is assumed that the net relative movement of the fluid past

the body is in an upward direction. This condition may not always be met in the case of

unsteady planing in waves. Closer scrutiny will be required to determine what limitations

will be imposed upon the problem as formulated and/or what modifications will be required

to improve the formulation.

5



TOTAL HYDRODYNAMIC FORCE AND MOMENT

The total normal hydrodynamic force acting on the body is obtained by integrating the

strlpwise, 2-D, hydrodynamic force given by Equations (2) and (6) over the wetted length .

of the body. A body coordinate system (,') with its origin at CG and the t axis pointing

forward parallel to the baseline of the budy is defined in Figure I to facilitate this Integration.

The hydrodynamic force acting in the vertical or z direction of the fixed integral coordinate

system is given by

-N cos0- Fz(t)-!f cos0dj +,df d

•, "-[,,•"{~~ms(c~)*!mt) + rýa(/0Wt)V(•t

•:'.! -UQ't) [malQ't)V!Qtl]

+ CD Q(,,t)pb(Qt)V (,,t)} cos 8d•

+ itP&Ad] (7)

where the integration is taken over the Instantaneous wetted length. Similarly the force Fx

acting in the horizontal or x direction is given by

F X f sin 0 dj

,, q_ ma t) /(t•,t) + t•sl(, t)V(q, t) •

U Q(,t 0 [me Q It) V Q It)] I

+ CD, (,t)pb(t)V2(,t)} sin dQ (8)

Wave forces are obtained by neglecting diffraction and assuming that the wave excitation

is caused both by 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. The horizontal component of orbital velocity is neglected,

6



since it is assumed small in comparisoo with the forward speed XCG' The velocities U and V

may then be written as

U I .eG cos 0 - (ZCG -wz) sin0

V xk sin 0 - 6  +(iCG-wz)Cos 0 (9)

The depth of submergence h of the body at any point P(Q,r) may be determined by

h - zCC -/ tsin 0 + " cos 0 - r (10)

where r is the instantaneous value of the wave elevation directly above the point.

For regular head waves the wave elevation for a linear deepwater wave is

0r ro cos k(x+Qt) (II)

where r. is the wave amplitude

k is the wave number

c Is the wave celerity.

At point P(/,)

x XCG+ cos0+0 si+ O (12)

where xCG i,{cGdt

The hydrodynamic moment F0 about CG is obtained in a similar manner by integrating

over the wetted length the product of the normal force per unit length and the corresponding

moment arm.

7

• ........ ......................... ............. t...... ,..... •,. ,- ,•...J...........



F0 -- ff(0•,tO1d•-J b cos Ltdt

,'.' = { m~a(. t) ýa(I t) + r.(a- to V(q, t)

- U(,t) (m Q0t) V(, t)) + C). CQ. O)pb(t,t)V2(E,t)

+ apgA cos 0) 6 d) (13)

EQUATIONS OF MOTION, GENERAL

Integrating the first term in Equations (7), (8), and (13) provides hydrodynamic forces

and moments proportional to iacceleration of the motion, These can be combined with the

inertial terms of the rigid body to give the following equation of motion

(M +Ma sing 0) CG + (Ma sin 0 cos O)YCG - (Q. sin 0)9

*T- + Fx, - D coso (14)

¶(M 1 sinG 0CosO))CG +$(M +Ma 8COS2 0) YCG -(Q8 Cos 0)

ZTz +F'z + D sin 0 +W

(Q. sin O)*c - (Qa cos O)icG + (I + l)a

*Fý - Dxd + TxP

where M,(t) fma(t,tdt

Qa(t) me(qt) t2 dj

Fx a FX - {-(M. sin 2 0) CG - (ME siln Cos 0) YCG + (Q. sin 0)0 i

F, - Fz - fappropriate acceleration terms)

SFb - F0 -I appropriate acceleration terms)

A detailed evaluation of the integral expressions for the hydrodynamic forces and

moments is provided in Appendix A, 4

i I[ •8



The solution to Equation (14) is cumbersome; however, it can be accomplished using

standard numerical techniques. Introducing the state vector (x1, x2 , x3, X4, X3, x61

where x1 = YCG

X2 i CG

X3 *0

3

! x4 •XCG

X3 ZCG

x6 "O

Equation (14) can be rewritten, using matrix algebra, as

-UA -g (15)
41A

so that

A-1 (16)

where A" is inverse of the Inertial matrix A. Equation (16) is now in a form that lends

itself to Integration by using a numerical method such as the Runge-Kutla-Merson integration

routine.

EQUATIONS OF MOTION, SIMPLIFIED FOR CONSTANT SPEED

Assuming that the perturbation velocities in the forward direction are small in comparison

to the speed of the craft, the equations of motion may be further simplified by neglecting

the perturbations and setting the forward velocity equal to a constant, i.e.

XCG " CONSTANT

If it is also assumed that the thrust and drag forces are small in comparison to the hvdrody-

namic forces and that they are acting through the center of gravity, the equations of motVon

may be written as

9
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='c: 0

(M +Ma ct.,os -0 i Qa o+ F' + WiiC -(Q8 co ) o s O d

,Qa CosO) CO +(1+ ) F-

These equations also represent the case of the craft (model) being towed through CG at

CONSTANT speed. Based upon the previously described equations of motion, a computer

program has been written in FORTRAN language to compute the motions of a prismatic body,

planing in regular head waves at high speed. A listing of the program along with the

appropriate flow chart is presented in Appendix B, The listing contains reference to thrust

and drag terms; however, they have no significance, except to provide a starting point for

possible updating of the program to include these terms in the future.

COMPARISON OF COMPUTED RESULTS WITH EXPERIMENTS

Computations of pitch and heave motions and heave and bow accelerations were made,

using the computer program for comparison with the experimental results of Fridsma.5

Fridsma tested a series of constant-deadrise models of various lengths in regular waves to

define the effects of deadrise, trim, loading, speed, length-to-beam ratio and wave proportions

on the added resistance, heave and pitch motions, and impact accelerations at the bow and

center of gravity, Figure 3 shows the lines of the prismatic models. The models were towed

at CG with a system that permitted freedom in surge. The computer program simulates the

model being towed at constant speed with CG at the baseline.

Table I presents some characteristics of the model and experimental conditions for

which comparisons were made. Most of the comparisons have been made at a speed-to-length

ratio VI"L of 6.0 where the mathematical model is expected to be most representutive. A

limited comparison has also been made at V/vT L 4.0; however, no comparison has been

made at V/i'i - 2.0. At this speed, the model (or craft) operates in the displacement mode

for which the mathematical formulation is not valid.

The average computer run corresponded to 10-second, real-time, model scale: however,

only the last 2 seconds were considered free of transient effects. An example of the compu-

ter time histories of pitch and heave motions is shown in Figure 4. Although the motions

are periodic, they are not perfectly sinusoidal: consequently, in determining phase relationship.

the peak, positive-pitch value (how uip) and the peak, negative-heave value (maximum upward

position of CG) were used as reference points. There was a difference when the OppOsitL

peaks were used,

10



TABLE I - MODEL CHARACTERISTICS AND WAVE
CONDITIONS FOR COMPUTATIONS

- .(Model Length * 114,3 cm (3,75 ft); L/b * 5; Ca - 0,608)

CONFIGURATIONS

LCG I'adlus of
SYMBOL uyra tion V/VT

__SYMBOL cdesl percent L percent L

A 20 59.0 25.1 4.0

B 20 62.0 25.5 6,0

""1 10 68.0 26.2 6.0

"M 30 60.5 24.8 6.0

WAVE CONDITIONS FOR CONFIGURATION

A B i M

0.111 1.0 0.111 1,0 0.111 1.0 0.111 1.0

0.111 1.5 0.111 1.5 0.111 1.5 0.111 1.3

"0.111 2.0 0.111 2.0 0.111 2,0 0.111 2,0

0,111 3.0 0.111 3,0 0.111 3.0 0.111 3.0

"0.111 4,0 0,111 4.0 0.111 4.0 0,111 4,0

. 0,111 6.0 0.222 6.0 0,111 6.0 0,111 6.0

0.334 4.0

0.111 6,0

Corresponding time histories of' bow and CG accelerations are shown In Figure 5. The

bow acceleration was computed at Station 0. As can he seen In these plots, the impact

accelerations ranged in magnitude from cycle to cycle. The maximum impact (or negative

value) acceleration computed during the final 2 seconds of run was used in the comparisons

with experimental values. In some Instances, particularly near resonance, the maximum

Impact acceleration was more than twice the average impact value,

Figure 6 shows a comparison of variation of computed and experimental pitch and heave

motion with wave height for the 20-degree deadrise model In a 15-foot wavelength and for a

speed-to-length ratio of 6.0. Figure 7 shows the corresponding impact acceleratlun ilt the

bow and CG. The computed results closely follow the experimental data, except for CG

acceleration at the extremc wave height condition, where the computed value is apparently

much lower. Experimental data show that the model was leaving the water at this wave-

height condition. The computer model did not leave the water but came very close:

II
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see Figure 8. Figure 8 is a trajectory of the computer model relative to the wave for a

selected cycle of motion. rile computer model behaves very much as expected. On the Ilet-

hand side of the figure, the cralt is planing down the crest of the wave and, as it appruaches
the wave trough, comes very close to leaving the water before slamming and submerging

itself deeply into the front of the oncoming wave crest.

Figures 9 through 14 show comparisons of the computed and experimental pitch and

heave motions at V/V1= 6.0 through a range of wavelengths and at a constant wave height

of 2.54 centimeters (I inch) for deadrise models with 10, 20, and 30 degrees. The data have

been plotted with respect to the coefficient CX, defined by Fridsma as L/X (CA!(L/2b)] 113.

.' Note that in our notation, b is the half-beam.

"Comparisons of heave and pitch for the 10-degree deadrise model shown in Figures 9

and 10, respectively, show excellent results. The computer model accurately predicts the

secondary peaks in the pitch and heave responses at CX r 0. 19. At this condition, the physical

experimental model rebounds so as to fly over alternate waves. The computer model oscillates

at half the wave-encounter frequency and comes close to leaving the water at alternate

encounters with the wave. It does not quite leave the water to fly over alternate wave crests;

nonetheless, it is a good reprewentatiun of the actual motion.

'rhe heave and pitch comparison for the 20-degree deadrise model at V/V/r a t',O is also

excellent as can be seen in Figures I I and 12, respectively. No experimental phase data for

the condition were reported for CX greater than 0,072ý however, extrapolated results (not

shown) are in line with thle computed results, The pitch and heave results shown in Figures

13 and 14 for the 30-degree deadrise model are good: however, resionses at (, = 0.048 and

Cx = 0.072 are higher than the experimentul results.

For practical considerations a computational scheme for planing boat motions should KL

\alld for a range from approximately V/it - 4.0 to V/v/T = (.0. Computations of the

motions were made 'or V/V./" = 4.0 for the 20-degree deadrise model: see Figures 15 and l6.

Again the comparison Of the compu ted heave and pitch response with exl.crimental results is

cxcellent.

Comparisons of tile computed and experimental impact accelerations (or largest negative

values) tre presented In Figures 17 through 20. Figures 17 and 18 show how and CG

accelerations for the 10-degree deadrise model- Figure 19 shows similar results for tile 20-

degree deadrise model, Figure 20 shows the results for the 30-degree deadrise model. In nil

cases, the comparison appears to be fair to good, In the shorter wavelengths, X/L = 1.0 and

X/L - 1.5, the computed accelerations are higher than the corresponding experimental values.

This is most pronounced for the 10-degree deadrise angle model.

::' ~12 :



CONCLUSIONS AND RECOMMENDATIONS

A mathematical model of a craft having a constant deadrise angle, planing in regular 1
waves, has been formulated using a modified low-aspect-ratio or strip theory. It was assumed

that the wavelengths were long in comparison to the craft length ind that the wave slopes

were small. The coefficients in the equations of motion were determined by a combination

of theoretical and empirical relationships.

S -i A simplified version for the case of a craft or model being towed at constant speed was

programed for computations on a digital computer, and the results were compared with

existing experimental data.

The comparison of the computed pitch and heave motions and phase angles with the

corresponding experimental data gave remarkably satisfying results. Comparison of the bow

and CG accelerations was fair to good.

In summary, the previously described mathematical model appears to be a valid represen-

tation of a planing craft in waves for the specific craft geometry and wave conditions

considered.

To make the computer program more valuable to the designer the following additional

work is recommended:

I. Improve estimates of hydrodynamic coefficients to obtain better acceleration data

and to include more complicated ship geometry,

2. Determine added resistance In waves,

3. Include freedom to surge and to add components of propulsion.

4, Extend to the case of irregular waves,
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Figure I -Coordinate System

Figure 2a - Flow Separallon from Chin.

Figure 2b - Nonwetted Chine

Figure 2 - Types of Two-Dimensional Flow
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APPENDIX A

EVALUATION OF HYDRODYNAMIC FORCE AND MOMENI INTEGRALS

'The hydrodynamic torcc the craft experiences in the vertical direction as derived in the

text is:

F, U ma, "h V +*C~ pbVi cos O de + apgAdt

wherv U A Xcos 0 - (-w 7 sin 0

and

V C sin 0 + 0-W Cos 0 -

Another force acting in the vertical direction is the weight of the craft.

The tirst two terms of the integral are evaluated by making the substitutions

V " ICU sin 0 - +i•U coi 0 - ýz cosO

+ O(xcG cos 0 -cc sin 0) + wzb sin 0

aU awl

at d - tern " mat

U~imng the previously described substitutions, the force becomes
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Fz MaCos9 0CG -M. sin CG + QJ a iC sin6 -0 - ccos 0)

* 5+ dw cos 0 dw - sin 0 d

-- fm 5 V - -sin 0 di' + m U L_ cos 0 dt

Ist n -cos

*+ apgAdt

where M5  fm~dt .
and I

This is essentially the form in which the integrals have been computed in the program. I
The rate of change of the sectional added mass in the third term of the Integral

expression is derived by relating it to the rate of change of depth of fluid penetration of the

section. The added mass of a section is assumed to be equal to

mO,, k5 #/2 p b2

for which the time derivative is

where b is the instantaneous half-beam of the section, and k. is an added-mass coefficient,

assumed to be constant. A value of k- a 1.0 was used in the computations contained in this

report. For sections with constant deadrise. which Is an imposed limitation of this work,

the half-beam is related tu the dtpth of penetration by

b d cot ,
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where d is depth of penetration, arid is deadrise angle.

'raking into account the eflect of water pileup, the effective depth of penetration d. is,

according to Wagner

do = f12 d

and

b =d cot 0/ 2 d cot 0

where 1r/2 is the factor by which the wedge immersion Is increased by the pileup, Using this

expression for the half-beam, the rate of change of sectional added mass becomes

rma kairph(frl2 cot O)d

This expression is valid ror penetration of the section up to the chine. When the immersion

exceeds the chine, the sectional added mass is assumed to be constant, i.e-.

mo =k 7r/2 pb 2
max

where bmax is the hali-beam at chine.

The submergence of a section in terms of the motions is given by

h -r

where z z((; - sin l + " Los L

r r, CoS, (CXG. + t .-os 0 + .•lln 0) + W.t

For wavelengths which are long in comparison to the draft and for small wave slopes, the

immersion of a section measured pcerpendicular to the haseline is approximately

d•
cos Li - v sin 0

where u wave slolw

37



The rate change of submergence d is given by

z_ _ - r (z-r) - a(cos 0 - u sin 0)
cos 0 - v sin 0 (as0-v i ) t

COSO- Ugfl 0 (Cos 0 -u sin 0)2

Since immersion (z-r) is always small in the valid range of the previously described

expression, the relationship can be further simplified to

and 
cos 0 - u sin 0

Skc cos 0 - v sin 0

The expansion of the integral expression for the hydrodynamic moment in pitch

follows the procedure used for the vertical force. The results are summarized as followsI..,,oo., ,. .
F - -0 cos0(i --."d+ s sin 0W-zCos•0)

+ma U " •,stern+j~ mVd

+Jn

Fe-'"+ QaY Cos 0 "c Qd C C

a

-jm.U'• cos0•d!•

+japgA cos 0 L dsi

The only additional moments are thc buoyancy moments. All other moments are considered

to be zero for the specific problem considered in this report.
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APPENDIX B
CL COMPUTER PROGRAM DESCRIPTIONS

OVERVIEW
The equations of motions developed in the previous sections of this report have been

solved by means of digital computer programs. Two major programs have been developed:

the first (MAIN) solves the equations of motion using the Runge-Kutta-Merson integration

algorithm and generates time histories that are stored on the system disk. The second

(PLTHSP) generates California Computer Products Company (CALCOMP) pen plots from the

disk fles. All programs were designed to operate on the Control Data Corporation computer

system, located at the David W. Taylor Naval Ship Research and Development Center in

Carderock, Md.

Descriptions of input data required to execute the programs, Job control cards, and

programs follow. Sufficient detail is presented for this appendix to serve as a manual for

use and maintenance.

JOB CONTROL CARDS FOR PROGRAM MAIN

•' ~ Job control cards for program MAIN which computes time histories of the motion

variables, are described as follows. If CALCOMP plots are not desired, TAPES need not be

' •cataloged.
•' Job Control L.anguage Card: Commnent

Job Card Standard facility card

Charge Card Standard facility card

REQUEST,TAPE9,PF. Reserves space for CALCOMP plot dutu

REQUESTTAPE2,*PF. Print output fit: I request

REQUEST,TAPE4,*PF. Print output file 2 request

ATTACHBINAR,SEFZARNICKNEWB, Attaches binary run file
ID=XXXX.

ATTACH,NSRDC. Attaches library routines

LDSET(LIB=NSRDC), Loads library routines

BINAR. Loads and executes run file

REWIND,TAPE2. Rewinds time-history flies for printing
REWIND,TAPE4.

COPY(TAPE2,OUTPUT) Prints time-history file

COPY(TAPE4,OUTPUT) Prints time-history file
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Job Control Language Card: Comment

CATALOG,TAPE9, SEFZARNICKDATA,., Catalogues file for plot.
ID=XXXX. (SEFZARNICKDATA CAN BE ANY NAME)

"7/8/9 END OF RECORD

DATA CARDS (I-5)

6/7/8/9 END OF FILE

INPUT DATA CARDS FOR PROCRCAM MAIN

Input data used by program MIN are read from data cards in NAMELIST and In

standard format. A descriptior .-' the FORTRAN symbols appearing In NAMELIST follows,

For simplicity in the text that follows, it Is assumed that NAMELIST input occupies only

one card, More cards can be used if necessary.

Card I(NAMELIST FORMAT, / /

A The absolute error for KUTMER (six values)

"NPRINT If- w, print normal output

If, 2, matrix, inverse matrix, F-column matrix, and KUTMER results

IIt If"3, integral results

If=4, calculated values constant for given input values

NPLOT If-O, no plot

If- I, printer plot of results

END Number of runs to be made

W Weight of craft in pounds

BL Boat length in feet

TZ Thrust component In z direction

TX Thrust component in x direction

XECG Distance from center of gravity to center of pressure for drag force in feet

XP Moment arm of propeller thrust

XD Distance from center of gravity to center

DRAG Friction for drag force

RO Wave height

LAMBDA Wavelength

RG Radius of gyration In feet

T Propeller thrust In pounds

GAMMA Propeller thrust angle in degiees
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Card I (continued)

ECG Longitudinal center of gravity

NCG Vertical center of gravity, nondimensionalized by ship length

KAR Added-mass coefficient

BETA(I) Dead-rise angle in degrees

EST(I) Station position in feet

NUM Number of stations

XA Initial time
XE Stop time
HMIN Minimum step size

HMAX Maximum step size

EPS Error criterion

Card 2 (Format SF10.0)

(X(1),I-1,6) Initial conditions

X( 1) Velocity
X(2) Z

X(3) 0

X(4) X

X(5) Z

X(6) 0 degrees

Card 3 (SF10.0)

START Time to turn on (RMP) function (see page 48)
RISE Duration of* RMP

Card 4 (SF10.0)

TME Time at which integration interval is to be changed*

IlMX New mnxiunum intvrval si/.e after TME

HMN New minimum interval size for KUTMER to subdivide

*If this option Is nol used tet TMF. to stop tlimo on run.
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Card 5 (8F10.0)

PERCNT Percentage of boat length subtracted from longitudinal center of gravity to
obtain X - point where acceleration computations are made

JOB CONTROL CARDS FOR PROGRAM PLTHSP

Job control cards for program PLTHSP which generates CALCOMP plots of time

histories computed by program MAIN are described in this section,

Job Control Language Card: Common t

Job Card Standard facility card

Charge Card Standard facility card

REQUEST,TAPE7,HI. Tape for CALCOMP plot data

VSN(TAPE7-CK0323). Volume serial number of tape for
CALCOMP plot

ATTACH,CALC936. Attua.hes CALCOMP library routine
ATTACHBINAR,SFFZZARNICKPLOTB3, Attac;hes plot program run file

IDsXXXX.

LDSET(LIBsCALC936) Loads CALCOMP library routines

BINAR. Runs plot program

7/8/9 END OF RECORD

DATA CARDS

6/7/8/9 END OF FILE

INPUT DATA CARDS FOR PROGRAM PLTHSP

Two or three dnta cards are made ready by PLTHSP, depending on the options selected.

Standard input format is employed. A description of the necessary data cards follows.

Card 1 (SF10.0 Format)

XAXIS Length of x axis in inches

YAXISP Height of pitch component axis in inches

YAXISH Height of heave component axis in inches

HT Height of lettering in inches

Card 2 (110 Format)

IA If-0, no plots for bow acceleration and center of gravity acceleration

If- I, plots previously mentioned information
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Card 3 (SF10.0 Format) - Only Necessary If IA 1.

YAXISB Height of bow au;•eclration axis in inches

YAXISC Height of CG acceleration axis in inches

PROGRAM MAIN

Program MAIN reads all necessary input data from cards, sets up initial values, computes

constants, calls KUTMER to determine the state variables at TIME for the period from XA

to XE in increments of HMAX. A table state variables is created for every PTIME-th value.

The values for X/H and 0p/2irH/X are calculated and printed. If the plot option is on. a

printer plot will be produced,

Subroutine COMPUT(X)

This routine computes pitch moment NL and lift force FL, excluding added mass terms.

using values of integrals computed in subroutine FUNCT. The argument X contains the state

vector.

Subroutine DAUX

This subroutine is culled from KUTMER or EULER, It determines the values of mil. b,

and bi *, based on the following equations

hw(lI) - zc. .- t(l) Siln 0 + '(1) cusO - r(l)

where r(l) * r0 cos k (x(, + •() cos 0 + W(I) siln 0 + et

Then for

hw(l1 > 0.

lh (II

cos 0 - (1) sinl

whe're V(I) - -r k sil 0 tx(C, +/ (l) cn.% 0 + (l) siln 1) + Vt]

If.

dil) broil) tal (of I) 2/fr)
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set

ma(I) = mamax(l)

b(l) a bi(l)

bl(l) = 0

maa(1) - k (1)(p /2)ir b' (1)

If

d(1) < bmi(l) tan (•(l)j (2/v)

set

b(l) - d(k)cot (0(i))(r/2)

bl(l) - b(I)

ma(l) * k5(1)(p/2)irb
2(l)

for

hw() < 0,

m(l a 0, b()O 0, bl(l) 0

This subroutine then calls FUNCT which in turn calls COMPUT to determine the values

of' NL dnd FLO the lift force and moment, The values of NL and FL are used to compute

the following

F, MTx + L sin 0 -Dccos0

F2  TZ +FL cos0+Dsin0+W

F3 N NL -Dxd +D p

%O arrey Is set up for integratlons for portion of hull for which chine Is not immersed,
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The mass inertia matrix is

A a M + M sin2O

A12 aM sin0 cos0

A1 3 a -Q. sin 0

A21 a A12

A2 2 - M + Ma cos 2 0

A23 - "Q8 Cog a

A31 3 A13

A3 2  A2 3

A33

The matrix is inverted by the system routine MATINS, The inverted matrix Is then

used to solve the following equations which determine the state vectors.

CG A1
1  

1 2 13F,4 A12
1 F2 +A .1 F

ZcG " A21"1 F1 + A22-
1 F2 + A23"' F3

0 - A3 1 1 F1 + A32" F2  A3 3 '1 F3

Subroutine FUNCT (X)

This routine evaluates various Integrals appearing in th,., force and moment mathemuti•lui

models. The Integrals are evaluated, using a trapezoidal integration algorithm. The argument

x contains the state vector. A list of integrals that are evaluated is presented.
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,fm dt Jmatdt

Jm 5  t2d• ma

fmawzdE fmawztdt

mdw J" d aIto

tat

¶ f~aw1
mU LW dj man U "•- td,

fm 1rnVdf jm 5 Vfdf

/bV2dj fbV2tdl

b (h--tan) d fb (h- btanI) dt

Subroutine INPUT

This routine reads in NAMELIST/HSP/ which contains the Initial data concerning the

craft and sea conditions pertinent to all the runs to be made. it is set up so that most of

the data are given default values by means of data statements in subroutine INPUT. These

datu statements can be overridden during execution by reading values In on cards. For further

explanation of the specific variables see section on the input data cards.

This routine also "initializes" constant such as ir, p, and S. It uses the Input values to

calculate the keel profile and planform arrays, NO and BM, wave constants, system mass and

inertia, and maximum mass and depth of chine at each station.

Subroutine KUTMER (NEQS, TIME, HMAX, X, EPSE, A, HMIN, FIRST)

This is a Runge-Kutta-Merson Integration routine that is capable of changing the size of

the interval over which it integrates to meet specified error criteria. It is therefore an
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accura'e method for a system that may oscillate more rapidly than the initial ,nlegratmior

"intcrvel, A minimum step size prevents the routine from subdividing the interval indefinitely.

The input arguments are:

NEQS Number of dependent variables in the x array

TIME Actual time (independent vanable)

-" HMAX Increment for which the solution is to b- returned

X Vector of dependent variables

EP3E Relative error criteria specified for each component of x and used for the
components of x less than the absolute value of A

A Absolute error criteria

HMIN Minimum step size allowed

FIRST Set to zero on first call, a value of I is assigned by KUTMER on subsequent
"calls tor which thc error criteria are satisfied, otherwise a value of 2 is

W asisgned

Subroutine PLOT2 WF, FMIN, FMAX, NVAR, NFUIN, N1, N, XO, DELX)

Data stored in the two-dimensional array F are plotted, using the printer by subroutine

PLOT2. As many as 26 6ifferent functions, having evenly spaced abscissa values, can be

plotted. The output is written on Unit 6. A deFript;on of variables follows.

F Array containing data to be plotted; the Jth point of the Ith function is
stored in F(I,J)

FMIN An array of minimumn iAnctional values; the minimum of the Ith function
1. stored in FMINOl)

FMAX Same as FMIN only for maximum values

NVAR An array of titles for each function to be plotted

NFUN Number of functions to be plotted

N1 First dimension of array F

N Number of poir.ts to be plotted

XO First absissa value

DELX Abscissa increment

Subroutine PLOTER (FX, XA, HMAX, LAMBDA, 1B, NWAVE)

rhe routine initializt, various values required to generate printer plots and computes

pitch-and-heave ratios. The printer plots that are generated consists of pitch-and-heave time

histories. A description of input variables follows.
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FX A two-dimensional array, containing time histories to be plotted

XA Initial time

HMAX Time-interval inciement; time interval between values in FX is given by
HMAX*PTIME

LAMBDA Wavelength

IB Number of values to be plotted

NWAVE Position in FX at which wave is completely turned on

Fwiction RMP (T, START, RISE)

The RMP is a function that calculates a value .'etween 0 and I -. frrespondlng to time T,

based on a straight line from time START with a value of 0 to time START plus RISE with

a vaine of i. It is used to lower the initial wave amp,;tude to avoid large transients at start

of Z,'i ,omputalions.

The arguments are:

T Actual time

START Time at which to begin the ramp from 0 to I

RISE Duration of rise from 0 to I
The function reaches the value I at time START plus RISE, if the rise is 0.0, RMP will

D orreturn a value of 0.5.

Subroutine TRAP (F, DX, NPTS, ANS$

This routine performs the evaluation of an Integral using a trapezoidal approximation.

The argument variables are defined as follows:

F Array of mnt -,grand values

DX Increments at which F is evaluated

NPTS Number of values in F

ANS Result, which is equal to

Z F(i)-0,5(F0 + F(NPTS)])

PROGRAM PLTHSP

This program uses a data file created by program MAIN to create CALCOMP plots. The

data are read from logical Unit 9 and are rewritten on Unit 7 for CALCOMP input. Program

PLTHSP sets the tape output unit equal to 7 and calls SUBROUTINE CALPHI to execute the

plot procedures.

48

€: .... > 9



Subroutine CALPLT

This subroutine manages all the 1/0 operations and performs the necessary calculations

required to generate the plots. After reading the card data (two or three cards) subroutine

READT is called to read the data file (Tape 9) created by program MAIN, The CALCOMP

initializing routines are called next, after which a call to subroutine ESCALE calculates the

necessary scaling factors. Subroutine EXAXIS Is called next to determine the placerment of

the plot tick marks and identifying digits, The CALCOMP plot-generation subroutines are
now called and, depending on the option u.fined by the IA parameter on card 2, plots of

pitch and heave at the bow and CG location are generated as functions of time If IA .1.

Subroutine EAXIS

The subroutine is analogous to the CALCOMP AXIS routine. The only exception is that

the tick marks are not necessarily inch, and the height of the characters is defined by the

input parameter HT. Function NDIGIT is called to determine the number of digits necessary

to print an even increment of the plots functions on the axi.

Subroutine ESCALE, ADJUST, end FUNCTION UNIT

These subroutines find the scale to be used on the plot axis, Function UNIT is called

to determine the axis increment size after which subroutine ADJUST is called to ex;tend the

minimum (AMIN) and maximum (AMAX) values so that they are even multiples of the axis

increments.

FUNCTION NDIGIT

This function finds the number of digits necessary to print even increments of the

function on the axis. Both the number of nlaces in the entire number (NDIGIT) and the

number of decimal places (ND) are determined, after which the value of each incremunt on

the axis (ANUM) is calculated.

Subroutine READT

This subroutine readb the data file created by program MAIN. Data file records are

read until the message end of file is encountered. Each rec(;zd is read in the same format as

it was written in MAIN. The information is printed to allow the user to inspect tilh created

file.
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* LISTING OF COMPUTER PROGRAM FOR MOTION COMPUTATIONS

PROGRAM MAIN(INPUTDUTPUTTAPE5UINPUTTAPE6UOUTPUT.7APE335129 MAIN 2

* APCZ13512.APC4.512,TAPEO) MAIN 3

CMAIN 4
C REAL ITP'eLAMSOA,M,MA,MMAANNCGNUMASSNLIAKAR MAIN s

INTEOER kN'n MAIN b

C MAIN 7

DIMENSION X(6) .UM(2)4001 MA IN 8

C MAIN 9 -

COMMON /CONST/ NCOECG.PIDPRRPI),GRAVTYRMDKNUMMA(1lO),CDTA, MAIN 10

* *(t0),EttAMWI1lO),TZURA6,WAOTAPMIT, MAIN 11

*DCLTAS.TA.EST(119),CROIKARMMAXII 0)9TEST(120), MAIN 12

N(1201.PHALF MAIN 13
COM4MON /SHIP/ MASSCINToACECE2,CE3.DMUEOMUE2OMUE3DMU,37,SMMMAIN 14

8 NLULIA9E(h20) MAIN 11

COMMON /WN *MI120)9S141219)V&LIN MAIN 16 *
CuMmON#OUuT NPRI NT ,NPLOT ,END MAIN 17

COMMONTrRmST1 .T2,T3,TAT5,T6,T7,TS MAIN 1b

COMMON O'5EAWAVE/ STARIoNISERAMP MAIN 19

COMMON /INTEHI4 lIMT(1@).DIPP (101 MAIN 20

COMMON AIN2/ NOPCiAXtM~AItI)9S41LMD MAIN 21

COMMON IACCCL / AACCLo SWACL.CGACL,dL MAIN 22

C MAIN 23

CA66. INPUT MAIN 24

C MAIN 25

C COMPUTE INTEGRATION INTCmvAL INFORMATION MAIN 26
c MAIN 27

NLESS a NU'4-1 MAIN 26

I I MAIN 29

II1 1 MAIN 30

DIFFER *E'%TliI.1-EST(I) MAIN 31

iKTT11I1) I MAIN 32

OIFP(II) a DIFFER MAIN 33

00 IS 1429NLESS MAIN 34

DIrFFRw IST(lo.Ih4ST(I) MAIN 3S

KTT(II) 8 '(TT(11)41 MAIN 36

lF(DyrvL~o.Nj.uiFFp(jj)IO TO 24. MAIN 37

00 ro aS MAIN 38
14I* 11#1 MAIN 39

!NTTIII)m MAIN 40

D 0FF (1I) *DIFFER MAIN 4.1

95 CONTINUE MAIN 4?

*KTT(II) a KT?(iI'.1 MAIN 4.3

C It 0 0 0 CMV.CKI(F NUMNLR OF INTERVALS EXCEEDS OIMENS1UN MAIN 44'

le (II.OT*1O) WRITE069211) (KTT(IIUIPF(I)9Iu1,II) MAIN 4.5

1F(liI.T.10) STOP 4 MAIN 4.6

C 0 0 * POINT AT WHICH MULTIPLE RUNS START MAIN 47

8 CONTINUE MAIN 48

71MeaXA' MAIN 49

KOUNT* 1 MAIN 5b

9NOUEND- 1 MAIN 51

WRITE(6939) MAIN 52

39 FORMATOMI 4) MAIN 53
C 000***READ IN INITIAL CONDITIONS MAIN 5'.

C (1) a VELOCITts A(2) a 2 DOT. A(3) a TMETA DOT MAIN 55
C A41 a Xv A(S) m It A16) a THEIA MAIN S6

C THETA IS PEAU IN DEGREES THEN CONVERTEO TO RADIANS IN PROGRAM MAIN S?

C MAIN S8

REAU(S,10) X(l~I.Il96i MAIN 59
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C DATA , USED IN RAMP FUNCTION, TO TURN UN WAVE MAIN 61

REAO(SIO)STARTRISE MAIN 62 SC MAIN 63

10 FORMAT(OF14*4) MAIN 64w ¢ 0 0 * • 11 *• •WRITE OUT THE INPUT VALUES MAIN 65

WRITE(6,19) STARToRISElKAR MAIN 66

19 FORNAIT(° START a "of,0.*4*1° kISE i 11,P1Oo4/," * Aw KAW "1FOMAIN 6?

0*.41 4AIN 68

C MAIN 69

C THE IS THE TIME AT WHICH THE INTEGRATION INTERVAL IS MAIN TO

C TO hi CHANGED MAIN 71

C iMX IS THE NEW MAXIMUM INTERVAL SIZE AFTER TIM( THE MAIN 7Z

C NMMN IS THE hNEW MINIMUM INTERVAL SIZE FOR KUTMER TO sue-DIVIDE MAIN T3

C THE MAXIMUM INTERVAL UP TO MAIN ?4

C IF THIS OPTION IS NOT USED SET TME TO THE STOP TIME OF THE RUN MAIN ?S

C MAIN 76

READISoLO) TMEoHMAHMN MAIN 77

WRITET6[, ItI TfE,MMATMMXHMIN*MMN MAIN 78

II FORMATIO AT TIME *,FT.2,e THE MAXIMUM INTERVAL SIZE FOR INTEGRATIMAIN 79

SON WILL RE CHANGED FROM *,FIG.4,o TO 0,FIO.4*/o MAIN SO

". AND ITE MINIMUM SIZE FUR MALVIN4 CHANGES FROM *,01,4o MAIN 61

L* To *,UFO,4) MAIN 82

C ADJUST THE TIME FOP CHANGE OF INTEGRAILON INTERVAL MAIN 53

C FOR CHECK AGAINST TIME IN THE INTEGARTION LOOP MAIN 64

TM a TME-(MMAX/2.) MAIN SI

C SET SWITCH FOR CALCULATION UF PITCH ANO HEAVE RATIOES MAIN 66

C ON NEXT CALL TO PLOTER MAIN 61

IPT a 0 MAIN SI

"READ(S,1O) PERCNT MAIN 91

XACCL a ECM-PERCNT10L MAIN 92

014WITE(691l) PEARCNTXACCL MAIN 93

12 FORMAT( TPME'X USED FOR THE BOw AND CO ACCELERATION COMPUTATIONS MAIN 94

$.1 EOUAL TO ECO-0,FIO.4oTHtL OR tFlOo4) MAIN 9S

4 TMAIN 96

wRITE46#23) MAIN 9TwRITEI6#47T MAIN 98

23 FOR4AT(IM .//) MAIN 99
i47 FORMAT(' STATION NOe,1% Ko*"OEAU Ri 5E11tS Xt11fST 496•x 164N O41t MAIN 100

* IOX01BEAM MAIN 101

WPRITEI6,55) I(IbEIAtST(iIDNU(1),BM(I)IIin1NUM) MAIN t02

SS FORMAT(6XoZoX5FIO.4t4XtFOkt4XoFIOo4,3X,?lO*4) MAIN 103

WRITE(6#23) MAIN 104

WRITE (6,%6) (X(I)oIlutb) MAIN LO0

S6 FORMAT(" X VALUESO09aX,61F)0*4v2X)) MAIN 106

C * * * * * • S CHANGE INPUT FROM OEGkELS TO RADIANS MAIN 107

X(30 a Xi3)[RPO MAIN 106

X(6) 0 A1b)*RPD MAIN 109
L MAIN Io1

WAVE a STAoT*RISE MAIN 111

"NWAVE a 0 MAIN 11I

C •0, * * 0 * WRITE OUT COMPUTEU ARHAYS MAIN 113

WRITE(6oST7IMITtKoCPIALFPtGRAVTV MAIN 114

IF(NPRINTLT.4) GO TO 62 MAIN Lis

WRITE (6vSA) j1(E)ollNUM) MAIN 116

WRITE (649) (N(IloItahNUM) MAIN 117

WRITE (6#64) (MMAX(IhImINUM) MAIN LIS

WRITE (6,t") (TEST(I),IuloNUM) MAIN 119
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62 CONTINUE MAIN 120

26 fORMATIO KTT.DF MAIN 1221.'.
51 FORMAT(4H me ,Fll0.*41,4M Zoa *9Fr1lO.o4.,4ni Ke qpj10~,49 Ce ,F1@.4.11N PI*MAIN 123

aRMO/2 ,PoF*,4SM Pla ,710.A.IAN GRAVITY. ,Pl0.41 MAIN 124
SC FORMAT All t4I)",9IOf1O.4) MI 2

59 FORMAT (11 Nil(It",1F1.4) MI 2
64 FORMAT (11 MMAAXi)II*OFZo.4) MAIN 127
66 FORMAT III rEST(I)I',10F1O.4) MAIN 120

Ze aI MAIN 129
IPRINT 0 NPRINT MAIN 130
WRITE14,912 MAIN 131

C 0 * * * * * # WRITE MCADINOS AND) COND)ITIONS AT TIME a0. MAIN 132
91 FORMAT(IMI,2R0,ITIME.',9X,"xDOT",9A,"ZOOT,,t9X,,'TMETA OOT*S,bM. MAIN 133
* lMM,9A,1'4Z,9XSNTMETAO92MNL,9A,2HFL. MAIN 134
* 4X*&HdOW ACCL94A#?MCG ACCLl) MAIN 13S
WRITE(4992i TIMC,4A(I),Im1.61,NLFLo~wACLCGACL MAIN 136
WRITE(9 TIM99(X4I) ,Im496) .WACL9COACL MAIN 137
KOUNT a MOuNT*1 MAIN 130

FM4III~XS)MAIN 139
Fx.4291S~nX(b) MAIN 140
IKUTMaXEC-EAI /hMAA.,@S MAIN 141
IKUTM w (TMEAXA),'MMAX I AE-TME)/MMX oO.5 MAIN 142

fIRST8S.O MAIN 143
NEGS86 MAIN 144
IKUTSuO MAIN 145

C MAIN 146
C START Of INTEGRATION LOUP MAIN 147

C MAIN 140
051 CONTINUE MAIN 149

NPRINT i 1PRIPT MAIN 150
VC 0 * 0** CHECK PITCH OGT, 5236 RADIANS MAIN 151

IF(X(61@OT..5236)OO TO 053 MAIN 152
C * * * * * * 0 PERFORM INTEObRATIONS MAIN 153

IF(TIME#LT*TM.ORsTMl9EO.AC) GO TO 90 MAIN 154

IF(iPT.Efi.1) GO TO 90 MAIN 155
HMIN a NMN MAIN 156
HMAX a MMX MAIN 15?
IRAST a 0.0 MAIN 1S0

98 CONTINUE MAIN 159

CALL KUTMEO(NEQSTIMEMMAXAEPSE.AMMIN,7IRST) MAIN 160
IKUTSNIKIJTS.I MAIN 161
IP(UIRST.El,2)GU TO 061 MAIN 162
IF(M0UNT.NF.1-AND.MOUNT.NE*41) GU TO 99 MAIN 163
NAITCI4#91I MAIN 164
MOUNT. I MAIN 16S

C * *0000aWRITE OUT TIME INTERVAL RESULTS MAIN 166
99 WRITE(4992) TIME,(x(I),Ill6).NLfLBWACLC6ACL MAIN 167

WRITE46,93)TIT2,T3,T4#T5,T6,T?,TOSMMWP MAIN 160
WRITE49) TIME9(X(I)t1a4*6)t8WACL#COACL MAIN 169
IF(TIMC.LT.TM.OR*TMC.EO*XC) GO TO 200 MAIN 170
If(IPToEC~d G0 TO 200 MAIN 171
CALL PLUTE"(P'#XAAMAALAMBOAI6,NWAVCIPT) MAIN 172
IPTa I MAIN 173
Ill)8o MAIN 174
XA a TIME MAIN 175
FIRST *0.0 MAIN 176
MMIN a HMN MAIN I77
MMAX a HMM MAIN 1T8
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299 CONTINUE MI 7

I~uldMAIN 179
F(1IqB)mpjS) MAIN III

93 ",10E10.4l MAIN 192
93FORMATI" 190, O4 MAIN 163

92 FORMATI1M,11(f10.492X)) MAIN 143

199 CONTINUE. MAIN 164

KOUNTuKOUNT*I MAIN 186

IF(NWAVE OT.*WOO TO 21 MAIN 186
IF (TIME .GT.WOAVE)NWAVCGKQUNT MAIN 159

a1 CONTINUE.MI 8
IfETIME.LC.ME.AN~OIKUTS.LT.IKUTM)GU TO 651 MAIN 190

ARTh.S MAIN 191
654 CONTINUE. MAIN 192
651 FORMAT I', END OF KUTMER") MAIN 193
6$2 CONTINUE. MAIN 194

71 CALL PLUTEI(F~,MAMMAALAMBOAIBNWAVEIPT) MAIN 19S

C 000000CHECK FOR LAST RUN If NUT CYCLE 4ACK TO READ MAIN 194
C NEW DATA FOR NEAT RUN MAIN 19?

lf(ENOoNE.IlOU TO 6 MAIN 196

so TO 999 MAIN 199
C 0***KUTMER ERROR MESSAGES MAIN 200

861 WRITE(4.69W MAIN 201
SO1 FORMATO' ERROR CRITERION IN KUTMER CAN NOT SE MET11) MAIN 102

WRITE (4,$96) (XEI),Ial,4) MAIN 103I
WRITE (,691) TIME MAIN 204

64 FORMAT (it TIME *".sFl0*4) MAIN 209

lf(ENO.NE~jdOO To 6 MAIN 206
00 TO 603 MAIN 20?

999 CONTINUE. MAIN 206

END FILE. 9 MAIN 209
ENO MAIN 210
SUBROUTINE PLUT?(FFMINFMAMNVARNFUNNlNMODgLX) PLOTI I

C JI PONT HE UNCION PLOT? 3
C PLOT FIRST N POINTS OF UP TO 24 FUNCTIONS FIX) PLOT? 4

C FiIJ) CONTAINS IME VALUE FOR THE J PITOF TEITM FUCIN PLOT? S

C FMIN(I) AND F64AAM CONTAIN THE MIN ANO MAX ORDINATE VALUES FOR PLOT? 6

C THE ITm FUNCTION& PLOTZ? 7j
C NVARtI AN ARRAY Of TITLES FUm THE VARIOUS FUNCTIONS PLOT? I
C TO BE PLOTTED AGAINST THE ABSCISSA PLOT? 9
C NFUN NUMBER OF FUNCTIONS TO BE PLOTTED - DIMENSIUN OF PLOT? 10
C NVAR9 FMIN, FMAA I'LOTZ 11
C NI USED ONLY IN F(Nltl) AS PASSED UIMENSION PLOT? 12

*C N NUMBER OF POINTS IN A SINGLE PLOT FRAME PLOT? 13
C MO FIRST ABSCISSA VALUE. 9LOT2 14

C DCLX ABSCISSA INCREMENT 'PLOT2 I5

C PLOT? 16
DIMENSION 2sTEP(26),F(N1,N).FMIN(NFUN),FMAX(NFUNhtVLAST(26), PLOT? 17
I VFI0IST!264HMEAOI61sSTEI'(?) OLOTE 16

INTEGER Cm(?6)9NVAR( NPUN),UOTqASTERPLUS9BLANK IPLO?? 19
INTEGER C PLOT? 20
INTEGER A(101) V'LOT2 21

C P'LOTE 22
DATA ILANK,DOIASTER#PLUS/IM PIM.,1m.,1N./ OLOTZ 23
DATA CH(1),CH(?),CM(3),CM14),CM(S),CMI4),CM(7),CH(B),CHI9),CMI1O) 9'LOT2 24

a / IMA , 1MB s IMC , 1*40 9 ImE , ImF p 110 , 1mH #IM1 tlHj ,' LOT2 25
DATA CM(11),CM(12),CH(13),CH(14),Ch(1S),CM(16).CM(1?),CM(l6) PLOT2 26
2. / 1*4K, Iml. 9 1MM, ZMN, 1*40, IMP,9IN Mg 1MRI PLOTZ 2?
DATA CHc19),CM(20,.CM(?1,,CM(U2),CM(23),CM(2I.),CM(2S),CM(26) PLOTZ 26
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? f(NFUN@LE.O*UR*N*LtC.O RETURN 1, IT 1Z LOT2 3
C PRINT HEADINGS, PLOT2 32

wilIMtE6#46) RLOT? 33
46 FORMAT I/i/I OLOTE 34.

00 40 19114FUN PLOT? 35
30 TENMvAWS(FMAA(h1F"RNII)) PLOT? 36

Exel PLOT? 37
if CTENMOEGO.0. 00 TO a OLOT? 30

PICRuNG TEWN T0 A VALUE SETwIEN I AND 10 PLOT? 39
IFITENM*LT*1.) 00 TO I PLOT? 40

3 IF(TENMLTI3I) G0 TO I PLOT? 41
EXPvtXPoIA. PLOT? 42
OT9NOjEM* PLOT? 43~
60TON.T 4. PLOT? 43

I EXPvEXP'et PLOT? 4.S
TENmuT LNM*o 10 PLOT? 4.6
IF(TENM.OT.10) GO TO 2 PLOT? 47
GO TO. I OLOT2 '.8

C SET UP VALUE '4ETWEEN GRID LINES, RS7LP* PLOT2 4.9
I PSITPaS. 0LOT2 SO

IF (TENM9OE*5.)PSTEP.1@.O PLOT? 51
LU ENML7..)PTEP?.PLOT? 5t

5 RIE I OTPEPIPLOT2 53
C CMPUTE VLEOV STARTING It FRT PLOT? S5

VFIRST.(I/RTE(I PLOT2 SS

LU (FMIN4I .LTmOa)F3RSTml71NT-l P1. S
FIRSmAIT(FISTIPLOT? 58

41VFIRST(I~m7INSTOftSTEPEIIIPO2S

C CHECK END LINE VALUE9VLAT* OLOT? 599
vLAST41)mvPIRST(I)#lO9.RSTEPMl PLOT2 60
IP(VLASTfII.UT*FMAX(I)HGU TO 4. PLOT? 61

C IF GRAPH IS TOO SMALL TAKE t4CET LAROLR STEP. 0LOT2 62
.1AAePSTI;P PLOT? 63

IP(AAsLTe41e)PSTEPmS* PLOT? 64.
IF(AAsfQ*5e)PSTEPm1@. PLOT? 65
L7(AAsLi*14*) 0O TO 5 PLOT? 66
PITEPuZ. PLOT? 67
EXPmIO**ExP PLOT? 68
0O TO 5 PLOT2 69

C COMPUTE VALUE r)EToCEN POIN73,STE',. PLOT? 70
4 STfP(I)wR9TEF(1)*'1 PLOT? 71

RK*O. PLOT2 72
00 6 KK8196 PLOT? 73
MEA0(KK~d.IFIRSTEIl .?.'Re'RSTEP(l) PLOT? 7'.

6 AKwRK*!. PLOT? 75
4.0 WRITE (6#4S) CH411, NVAP4I)t fMEAU(AK)9KKuI96) PLOT? 16

45 VORMAT(iKA1,3H * #A1Ot5Z,1PEI?.4#5(8X9IPE1Z.'.)) PLOT? 77
00 SO J~1'911 PLOT2?87
£4..)) BLANK OLOTI 79
IF(MOO(jl,1i)sEO.l) A(J)@OUT PLOT2 so

so CONTINUE PLOT? S1
9:WRITE(6oS5) L.A PLOT2 62

SS FORMAT (2SA,1OIA1/ISM,4B4TImE,6XqIOA1) PLOT? 03
C PLOT EACH PUINT PLOT? 54

00 100 .Jml.N PLOT? 85
8.AO*FLUAT (JI-)*DCLL PLOT? 80

*00 70 K811i01 PLOT? 67
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1FIKmOOLO).K d LUUUTILOT2 89

TO MOJ, )* ~l A(K9UOUT PLOT2 90

DO SONTI ,NF 
PLOT2 91

00A0(lOCJ NFUN1 PLOT2 9P

IFIC.NC.SLANKAND.C.NE.OOT) A(LO)UASTE 
PLOT? 93.

CaA(LOCPLOT2 94

A(LOCICHII)PLOT2 99

69 CONTINUE PLOT2 96
WRY~.1IF(MUO(J010)4EQ.I1IO TO 91 LT29

N, FRMATGes (A,0A1 PLO T2 100

91FRAT(%91Il 
PLOT2199

GO To o PLO12101

15FORMAT ~1I2X#1PE13.s.1,191~qAi) P'LOTE103
ISO CONTINUE O'LOT21 01

q4RETURN 
RLOT2105

ENDOLT20

SUIROUTINE KUTMER(NOTMY0,EPSEAHCXfIRST) 
K~UTNER 2

DIMENSION 
K0Sl,,t6,98.1(hl8,PEb9E)'UTNER 3 g

COMMONIUUT /NPRINT ,NPLOTENf 
K~UTNER 4

COMMON /ACCEL I XACCLsWACLCGACLvML 
K~UTNER 5

DATA NAMI,?IAMI IEHY1,2MYS I/UNE

C 
K~UTNER 7

C NO *NU'4SER Of EQUATIONS, NO. UF COMPONENTS Of YO KUTNER 6

C H INCREMENT FOR WHICH SOJLUTION IS TO S[ RETURNED *OR - KUTMIRIO

c YO a TIC VECTNOR OF t: NDNT AuL:E~ ENTER VITH INITIAL MU;MIA1I

C VALUES At 7 AND RETURN WITHVLESA O KTE1

C EPIC m RELATIVE ERROR CRITERION FOR COMPONENTS OF YQ 0T A9S(A9 AUTMER13

- Ic A m AWOLUT9 EROR SAITERION FOR COMPONtNTS Of Y1 0 LT,* ABSA KUTMER14.

C NUTE-. EPSk AND A MUST SE %Pý.CIF1EO FOR EACH CUMPONENT OF THE SYSTEM KUTME41S

C HCE a THI SMALLEST SULP SIZE USCL) IN THE INTEGRATION KUTMER16

C FIRST SHUULO l 0 WHIN KUTMER 1S ENTERED FORn 7M[1 FIRST TIME RUTMERI?

C AFTER THAT FIR T IS I If KUTMEW Is ENTERED WITH4 THE SAME 94 OR IUTMERlS

C IF IT IS CHTERED WITH A CHANGED H K~UTMER19

C IF FIRST IS I THE ERROR IRIT9R1A CANNOT BE MEET AND T'IE STEP SIZE IPRUTMERI0

C REDUCED TO Mills. 
KUTMERli

C 
U TME RRI

If (FIRS*0 20,10,80 
KUTMER23

c . .0... . . .FFIRT fNTRY AUTMEh924

t0 HC u M 
KUTMER2S

IPLOC a I KUTME R26

FIRST m to 
KUTMERZ7

C- -- -- -- - - OTHER ENTRY KU TME R28

90 LOC a 0 
IKUTMER29

HCA a "C 
KuTMER30

IF (HCN[,q%) OU ro 30 K~UTMER31

WRITE9B9SOO) 
KUTHEI432

801 FORMAT(SX,'.1HKUTMER ENTERED Wl~tj ZERO INTEORATION INTERVAL K UTME433

FIRST U2, 
KUTMER34

RETURN 
KUTME'w3S

C .-- * - -. ...... SCALLS rO DAuA KUTMER36

30 CALL DAUX(TVy 0F0 
KUTMER37

IQ4NPRINTdO10 PWAITEEb,'.O0)YOTFO KUTMER38

4050 FORMAT (B(2XFIO.4) ,4HTIME;UA,FIOafr,) 1-UTMER39

IF (NPRINTqFO.SPWRITEjB,4@9PI10C 
KUTMER40O

39 DO '.0 1'41,NO 
KUTMER41
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40 Y1411 Y0(1)#lHCi'3.)*70f1) KUTMER42
I7ENRIN.EO.,WR1C(~*O0v1 , KOTMER43

C KUTMER44'
CALL OAUX(T9HC.3soY1,71) KUTMER45
IF4NPRINTefQ.S) WRITE (6#400)F1'T KUTHER46
Q0 50 I181940 FKTMER47

so Y1(I a Y0(I).(Nclf,#6.o.70(IH.C;b.)*71(II 'KUTMER46
I7(NPRINTd0.*S)wpITE(6,A0*)vI .1 KUTMER49

CALL OAUX(T#NC/369Yltl) IKUT094ER1
17 (NPRINTJtQ*S)WRITEf(s.A09)71 . KUTNERS2
00 60 1919ND KUTMERS3

00 yl(1) *Y(IIC0.7(,?5CO1hKUTMERS4

C KUTNEAS6
CALL GAUl&MV.Clls9r1,7l) KUTMERS?
IF(NPRITsrQ.5)W0I9f1T(&406)Fl9T KUT*4ER58
00 ?0 IUIND KUTMEAS9

70 I(1I)*Yd.,2I7 4~1f.C7Il.CP KUTMER60
IF(NPRINTqrOo5IWRITEf(o0,q09YlT KUTMERO I

C AUTMER62
CALL OAQX(T*HC9Yk,71D KUTMtR63
£7 (NPRINT.'Qo.5)WRITE 40,400)7I ,T KUTMER64
00 DO 0 I10.NO KUTMER65

40Yl(Ij OI Nd,7(I~S.*C7I.Mb~P I KUTME066
17 (NPRINTdfQ.S) WRITE (60,0@YtT KUTMEW6?

*1INC a 0 KUTMER66
C - - - - - - - - - - CHECK ERROR CRITERIA KUTMER69

K,00 110 101OND KUTMER 70
ZZZ a AbSfv1!Ifl-A(I) KuTMERTI

If UZZ) g8j0g7087 KUTMER72
C - -o- -- -- -- ARSOLUTC ERRUR KUTMER73

85 ERROR a All#9~(I-lI) KUTMER74
IF (ERRUR-A(l)) 100;106190 KUTMERS

C - -- -- -- -- - RE LAY VtERWOR KUTME476
A? ERO* A~q(*-. l..lJv~I~l14I) KUTMER?7

90X 2a..A4S(HC).AmS(N) KUTMER&I
I7(N 91*9st95 KUTMER&2

ERROR YOU LANGE KUTMER83
.91 -wR1jTe-(0,'-2II.T9ERfOR9HC KUTMER84.
92 FOR4AT'1a~m FUR EQUATION NO* 12s27i, THE RELATIVE ERROR AT I T KU7MER65

EIS*B, ,4H IS tEIS#8,13H STEP SIZE 0 tElSes) KUTMER86
FIRST a 2. KUTME.487
RFYURN KuTMC8SO

C - ------------------- ALVE INTERVAL e'UTMER69
95 MC a NC/2. KUTMER90

IPLOC a 20!PLUC XUTMER91
LOC &24LUC KUTMER92
NCE a NC KUTMEIR93
WRITE (297In)T9I .ERRORvNC KUTMER94.

710 FORM&T(I'BN TIME a .P14.3s5X926MMALVE INTERVAL* EQUATION .13. KUTMER9S
*1HHSEROOR a oC16oS,6XI7N STEP SIZE NOW a ,CIS.91 KUTMER96

WRITE(2972'n) NAMZ,(Y2lJ),J8INDI 
KUTMER9?

WRITE(Abwl#'I NAMIIY1(jIJu1,ND) KUTMER98

729 FORMAT( 2X-A2 of 3(10El395"0) KUIMER99
GO T0 30 KUTME100
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C . . . . . . . . . TEST IF INTERVAL LENGTH CAN BE OOUULED KUTMf1IO
100 IF (ERRUR*64oftEPSE(I)) ll10l11i.101 KUTME102
t91 INC a I KUYME103
III CONTINUE K~UTME104

C ft Ca a aa UPDATE I AND SOLUTION KUTM[IGS
11 a T* HC AUTMEI06

00 111 £ulND KUTME107
114 YOM) Y111I) AUTMElOS

C a * a a - *- u a . GET SOLUTION IN NtAT INTERVAL K~UTME109
4LOC 4 LUCOI KUTMEIIO

If (LUC.-IPLOC) 120,a110921 KUTMClIl
110 IMINewl1oo,130,3 KUTMCl 12

11IF (LUC-(LoClh)S2) 11091409219 KT~k

Cw6 .r.. DOUBLE INTERVAL LLNGTH' KV"1)

200 MC l* 2erC KUTMEI 16
LOC a LuC it KUTM9117
IPLOC a IPLOCI? KUTI4E1S6

210 IF(IPLOC*LflC) 303'03 KUTMEI 19
380 GwACL 8F0(2)JXACCL#F0(3) KUITME120

RCTUAN KUTME11l

END KUTM9114
SUOROUTINg DA'jA(T~Mt*AR4S) UhUX a

AT O P AUAUX

C ASAEVCO OAUX S

REAL lAITMKMAMA$SSNC(DNLtNMMAA UAUX 9
INtEGER EN19PTIME OAUA 10
DIMENSIU14 96tIRHS46),713sl),A(3,J)#INDEA(3t3)# UAUA 11

*R(IUOIV(1201,0(120) DAUX 12
C OAUA 13

COMMON /SHIP/ MASS,CI'4r~gACECE2,CE3,DMUEDMUE1OMUE3uMUsm7,gp4MDAUX 14
*NL,7LvIAoL(I20, UAUX IS

COMMON -CU14STI' NCGECGP1 ,OPRAPOGRAVTYRMOKNUMMA(I3O) ,C~OTA, DAUX I6
* (II~,EAHIl)1,N~,,DTX,,T LIAUX I?
*OFLTASIAEST(110),CROKARMMAX(1l0,,TESTI120,, UAUX 18

*N(120)*PHALI UAUX 19
COMMON /IN# 90M112O)*81(120IVELIN L)AUX 20
COMMONIUUTINPOINro NP'LOTAND O UAL'Z 21
COMMON PSEAwAVE/ STAATNISE,QAMP UAUX 22
COMMON /oAvE/ PoPT(120),ZMAZWMALMA~taLwMAZWEMAZ2WMAE2MAZ, L)Aux 23
* ZWDflT(I20) UAUX 2'.

C UAUX 2S
RAMP a kMPITIMtpSTAITRISE) UAUA 26

*I P146, DAUX 2?
CT a CGTIME UAUX 26
CR6 2 CUSw(x()) UAUX 29

* IR a SINIE(6)) UAUA 30
C*****#*SET VALU7.S UF MA AND S DAUM 31

00 75 In1,NUM (UAU 32
PT(I) a (X(4) bE(lh*CX,,N(1)OSAb*CT)*K DAUX 33
R(I) R* ~UCOS(PT(I))0RAMP UAUX 534

C 9 0 0 0 * 0 COMPUIE HW SUOMEN4ENCL 07 A POINT AND R THE WAVE UAUX 35
c IiW(t) 1S IN THE 71AED (COORUINATE SYSTEM UAUX 36

57



BESTAVAILABLE COPY

IF o1w I) Or.oi 00 To as UAUX 37
C CRAFT IS NOT SUONCpGLD DAux 39

MAMI 4 0. AUX 40
SIM(10.0 IUAU 41
dill a 0. ()AUX 42
so0T07I UAUX '.3

65 VMI a -R*Ru*(SIN(PTflneRAMP UAUX 44.

041) 0 mw~W(I CA5-V(I)*SX5) OAUX 45
C Oft) IS IN THE BODY AXIS SYSTEM AND 15 THE SUOMMER.NCE UAUX 45

I7(D()OGEOTESI(I)) 00 TU 70 (UAU 47

C CaAFT IS PARTLY SUGMII*0IU UAUA 45
bill Ol6(IqoF1IAl#PIH UAUX 49
11(l) u (T0*().TA)*PIh UAUX 50
MAMI u IAR*PPIALr#R4I)*(I) OAUX 31
00 TO ?S OAUX 52

C C41NE 11 IMMERSED OAUX S3
C 61 ARRAY 1S USED FOR TOE INTEGRALS OVER THE PORTION OAUM 54.
C UF TOE HULL FOR WHICH TmE CHINE 16 NOT IMMERSED DAUX SS

70 MAtI)MMAW() (UAU 56
(i)USmomI) UAUX 57

Wi 110.UAUA 55
IS CONTINUE UAUX SO

IP(NPRINT*LT,4) 00 TO SS (UMU 60
WRITE (5,74) TIME OMUM 61

?4 PORMAT111 TIME 0 ',PFi0.41 OAUM 61

WRITE(697?) 1ItIIImINUM L)AUX 64FRT(97 IIIomtum AX6
WRITE 46974) (Mw(i),IulNUM) OAUX 65
WRITE 46,7Q) 1 Stl),I.NUM) UAUIM 66
WRITE 160611) (V(IkI19NUK) UAUM 67

WRITE 46061) (0tI),I18,NUM) OAUM 68
WRITC(69&2) 4MA(IholmINUM1 OAUX 59

76 FORMATI" ElI) llo5(EME1E6)) DAUM 70
77 FORMAT (of R(I),,vl0710,4) OAUX 71
?11 FORMAI III H~fI)".1*I7f%0*) (UMU 72
TV~ FORMAT ill $4(I,0910.I~4j UAUM 73
A? FORMAT (40 v4l)'"9010.~l4) DAUM 7'.
I? FORMAT (0 MflI),"190rI0*4) LJAUM ?S
It FORMATO M411 t)I)",i 10.4) UAUM 76

AS CONTINUE H IUAU 77

CAL 7ORMAT(X D.01. AUx 5'0

17 COTDuAUX 61
C*'***TL~40 CO UTOTM7I? T UAUX 82

7RT(1,1) * TE.PL*3M-DAGAG*vtNoO oX QAUA 57

I? CONINUE. UAUM as

7(291) i t?ZVL*CA6#ORAG*SA6*W DAUX 59

F(3,1 )wNL-flRAG*XD*T'MP A 9
I7(NPRItIT,LTo31G0 TO 15 L)AUX 91
WRITE(6910H71,1)io ulel3) UAUX 92

1S CONTINUE DMux 93
C. * . COMPUTE INC A MATRIX OAUX 94

A091i) 6 M*MA5SOSXS*SMS DAUX 95
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A(192) * MASS'SAG*CXi6 OAUX 98
A(193) a -ooA~x6 DAUX 97
A(Lsi) a 0. DAUX 9a
A(1*3) a 0. DAUX 99
A(2*I)uA(Is2) UAUA 100

A(92 M#MASS*CA6*CX6 UAUX 101
A(201~ 8 -OA*CX6 UAUX 102
A(391IUA(1*3) DAUX 103
Af3tR)sA(I*3) .IAUA 104

A(3v3)I~sT4 AUA 105
* A(N,3)INT:T*30 70 25 OALJX 106

WRITE46912)IA(I.1),I.),31 DAUX 107
wRITtiGtI3H(A(I,2,,Iul,3, DANX 108

aWRI?C(6s14) (A(1,31 .1.1,3) DAux 109
C *******INVERT THE A MAtRIx UU 1

21 CALL MA1IN%(A.3,3,V,1,1,OLTERmI~L),NOLX) UAUX III

7 7(1.efQ*2)WQ1Tf(6vZ6) UALJE III
26 70R'4AT W MATRIX IS SIN(IULAR "1) UAUX 113

'IC*00'*0A ON RE.TUON wILL CONTAIN THE INVERSE MATRIX DAUX 114
.4C 10.2 14ATRIA IS SINGULA'4 OAUX 115

C al INVERSE wAS FOUND L)AUM 116

CUAUX 118
RHS(1) 8 P191) OAUX 119
ARNS(a) 0 F(2,11) UAUX 120
RI4S(3) * F13o1) UAUX 121
OHS (I ) fq 0.0 UAUX 122
R04S 44) * AM1 DAUX 123
RHIS1) 8 x2a) OAUX 124
Np4 165) 0 X(3) UAUX 125

10 tORMATe' F(191)1 ",312X:E12.4)1 UAUX 126
It ia ORMATIe A(II) 119312A tll,4)) OUAU 127
13 PORMAT(" A(IP2) ,93llXC12.*)) UAUM 128
14 FORMAT(o A(103) 113(ZAC~la4)) DALJX 129
39 17(NPOINTLT*21 00 TO 40 UAUX 130

wRITE16912i (A(I9I) .131,3) UAUX 1I1
WRZTE(6ol3) (A(IZ)qIml,3) DAUX 132

SUBIROUTINE FUNCT(X FUNCT 2
REAL KAN4 PuNC7 3
REAL IAIAAIPARTKKPIMAMA$S.NlNCC,,1T.~MMNAXN FUNCT 4
INTEGER ENn FUNCT S
DIMENSIQN IPARTil20)vClf1a0i9QC.2( 0)* FUNCT 6

l)l(120)9D2(120).iD341JO)sLU4(120),D5(I20)*D8(120), VUNCT ?
* QART4120),Zl(l20),i2(12(J),i3()20),Z'.(120),Z5(120), FUNCT 8

*Z6(l2*)9Z7(12O) FUNlC7 9
**Xfb)tVMAA1120) FuNCY 10

C 7UNCT 11
COMMON ijI4IP,' MAS1,CINToA.C~CECE3,DmUtjJmUE2OmUE3UMUSPSMMFUNCT 12
0 NLtFLIA*E(1?0) FuNCT 13

COMMON /CUNSI/ NCGECOPlOPRk.2OO(4AVTYRH~oKNUMMA(120) ,CtYA, FUNCT 14.
* e(120),BETANW(1aO),utUNA(,WX~oT.XPMIT, FUNCT 1t
* 07L1ASTXtEST(120),CtRUFAI~,MMAX(I 09,TESTiI20j, FUNCT 16
* N(120),PMALI VuNCT 17
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COMMON IdM1 SM(12@),SII1l9b1t.LIN FUNCd le
COMMONI~U.TIMPR1NI ,NPLOT,(NO FUNdT 19
COMMON O'WAVE/ 1(120) ,PTIIaO) 414ALWMAEMASZZWMA.ZWEMAZ2WMAE2MAZFUNCT 20

OZW00741210 FUNCI 21

COMMON 41INTERI I.vKTT(10,9OITF(l0J FUNCT 22
C044ON ISCEwAVU 1TARTqftISCRAMP FUNCT 23
COMMON ITMIT VMA FUNCT 24

C 0O 0* ** 0INITIALIZE INTEGRAL SUMS FUNCT 2S

MASS F . UNCY 26
GA *0. FUNdT 2?
IA a 00 FUNd? is
eg a 6.0 PUNCT 29
CUT . 0.0 0 UNCT 30

OMU a 0.0 FUNC? 31

COMUaO.9 FUNC? 32

FUNCT 33
amm *,ýo 4# UNCT 36

ZMA a 0*0f FUNCT 3

ZWMA 0 00 FUNd? 36
£#4AS 6:6. FUNC? 39

ZZWMA *011) FUNCT 40

ZWE0MA *0.' FUNC? 41

ZROMA a 001I FUNCT 42

EEMAZ a 0.0 FUNC? 43

VRART a X0I)*SINIA46)) .E(2)#CUS4AIO)D FUNCT 44

SX6 a cSINIK I)) FUNC? 46

C SET *000 ( UP TI4C FUNCTIUNS FOR TME INTEGRALS (PAGE '. OF NUFUNCT '.s

0PART(IDuEhZOiOMAM I FNTSo

U fZ*A(I1%6Zv)()*x UNTS
V5I) a I*A?2I!3)*EI-W01#~ rU'CT 54
Z141) a EA(flOZWDOYI) C51

Z271) 8 -MAII)#VEOUfTI)RM FU 61

Z3) I(ILEMOZE0D GO TO S?
WDA a ZDIMOZIM0EI..I)l()CSEI'Af/ FUNCT so

ZsQ l 01 ma(1) * . UNCY 6?

W2D1 a E(1)*01(1 FUNCd 69

F?1 ai CONTINUCL. FUNCT 61

CIFI *VELeE0VEs) I 00T 6 uNC? 70

IfR1l) * E.Q.01I) 00T 0FuNCT 71

00 TO slFUNCT 72

so DIM a 0. FUNCT 67

CII01I) 0 0. FUNCd?37
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61 CONTINUE FUNC7 77

03(1) a Z2(1)*VEL FUNCT T8
404(1) a EM1003(I) FUNCT 79

PIN' a P112. FLJNCT 60

.606(1)a 9S(1)*(Ii(I)-*SIOT/. FUNCT 82

9C SE.. T UP THE FUCTON FO TH NTEGRALS (PAGE S OF NO.(ES)FUNT S

9PIAN TRP112. E~OP(),(TI)TAS FUNCT 8
CALL TPAP(PAIIIONITIT() 1 FUNCT 92

CALI A(10.)OIT1,T()CA FUNCT 893

CALLX TAC2I NEO1P(AT(ICCA FuNCT 90
91CALL TRAP(JPARIIN CEXI,OIFF(I),KTT(I),IMAA) FUNCT 95
CALL TRAP(flR7I(II4EX),0IFF(ZlK77(1),UMAI) FUNCT 96
CALL TRAP(fl2(INDCAIbOIFF(I)hKTT(1),ICMA) FUNCT 93

CALL TRAPfl3(1N0EXIO1FFE1),KTTq1,L0MuA) FUNCT 984
[0CALL TPAP(IPA4(INOEX),O17F(I).KTT(I),C3DMA) FUNCT 99

CALL TRAP(flS(IN0EA1,O19P(1).K771(Il. UA) FUNCT 96
CALL TRAP(n2(INOEXIOIP7(I),KTTI(),LDMAA) FUNCT 02
CALL TRAP(fl3(1N0EX),OIT7(1),KTT(1ItEMUAI FUNCT 98
CALL TRAP(72(INOCAIDI7U(1),KTT(I),ZDMUAA) FUNCT 99

k, CALL TRAP(73(ZNDEXhODIFFII),KTT(1),CMAS.Al FUNCT1O4
CALL TRAP(Z4(INDEX),DIFFlIlKTI(1)LZWMAA) FuNC7102
CALL TRAP(75(INOEX1,DIFU(1lKT1(I).LWEMAA) FUNCT103
CALL tRAP(73(INDEXIOIFF(1),KIT(1IZ2MASA) FIJNCT104
CALL TAAP(?7(INDEXl.0IFF(I),I(TTI),CZZMAZA) FUNCTIOS

c FUN4CT109
,r93 CONTINUE FUNCTIIO .

MASS a MAS9 - V4ASS PUNCT111
QA a GA * GAI FUNCT112
IA a IA * IAA FUNCY113

CE a CE * CEA FNT1
CE2 a CEZ * CE2A FUNCT115
DMU a 014) * Df4UA FUNCT116
EDMU a ED~ii * EDmUA FUNCY117
120M4U a E2f)MU # FCZOMUA FUNCTiIS
E30MU a E30MU # E3OP4UA FUNCT1 19
UP a OF * OHOGOOFA FuNCT12O
89MM a 9MM - POG*SMMA rUNCT121
ZMA a ZMA#ZMAA FUNCT122

ýWAa ZwPMA*ZWMAA FUNCY123
ERAS a EI4AS*EMASA FUNCT1?4
ZZwMA a ZZ~wMA*ZZWMAA FUNCT12S
ZWfMA a ZwEMA#ZwEMAA FUNCT126
Z204 a Z2wMA*Z2WMAA FUNCM12
C2MAZ a Ed4AZ.C2MAZA FUNCT128

94 CONTINUC FUNCII29
IF ( I.C'E.11)C6O TO 92 FUN4CT130
INOEX a INflEx*KTT(I-l FUNCY131

I a 1.1 FUNCT132
GO TO 91 FUNCY133

61

_ __J



k ~BESTWAAILABLE-COPY

C * **0**CALL COMPuy TO FIND THE. VALUE OF 4~L AND FL USING FFUNNCCTT136
4 ~~C THlE VALUES or THE AROVE INTEGRALS FNT3

CALL COMPUTIX) FUNCT138
C FU'4CT139

IFINPAINTLT*3) 00 TO III fUNCT 140
IF(NPRINT.EQ.3) GO TO 108 FUNCT141
lfCNPRINT*EQ*4p00 T0 I*$ FUNCT 14?
WRITE46,99? (IPARTMKhIoNUM) FUN4CT143
WRITE46#98) fQPART(1),101,NUM) FUNCT144

WRIT699) (C(I~~m~sU~lFVNCT 145
WRITE(69100) fC2(I)s1mI9NUMl fU14CT146
WRIYE(69161) lCftlqIa1,NUMý FUNCT147
WRIT((0,10?) (0l(I),1a1,NUM) FU*4CY148
WRITE469103) 4O2(I)O1a1,NUM) FUNCT149
WRITE(6ol64) (03(I)tIlslNUM) FUNCTISO
WRITE(6#16S) 406fI),IuINUM) FuNCTISI
WRIE(69106) 4O5(Ih91ulNUM) FUNICY152
WRITE (69112) 406(IholaloNUMI FUN1CY153

WRITE (6,114) (ZZII)qIulNU14) FUNCTISS

WRLT((6tIIS)KPI~m1400,IwIv, FUNCTS61

WRIZEf6s110)OMU,1D ImU,1NUl1)L)u~,M FUNCTI6S
90WRITE(6*I09) MASSI*wvNUM)CECI,1 FUNCTISS
WAITE(69II9)f 6IA *m9N FUNCT154

12 PRMTff69IA .1 0.4~omvN0) fUNCTI60
16WAITE (6#149) MA.ZWMNT9AtCMAS ;9IAZCEAZWAR FUNCT162
c ***0*.*.ORlAgl* *** FUNCT163
96I FORMATi IA 04R(I*,1~10.4)) FUN4CT164

9?WRAIC" IPARlDMt(I)",102x,110.4J)folM FUNCT16S
90?RWAT(" OP?)ZART(I)",10(QX ~ iZVM~g1@.4))M FuNCT166

C: PRaTE FORAT ", 0(AE@ FUNCT173
99 FORMAT" CPAR ",1#0(IXCl094)) FUNCTI16

96 ORMAT(" c2 ",IllI0l2XE10.4)) FUNCTI70
109 FORMAT0 ni ffoI0(2zE10*4) FUNCT171
1: F ORMAT(" C2i 011042Xt.110.4)) FUNCTI72

105 FORMAT0 nl ofI0fIX.EI0*4))FNT7
1: ORMAT41" nZ ".10f2XvEI@.4)) FUNCTI7S

106 FORMAT("l 035 ll*0(IX9EI0o4)) fUNCTI76
IIS FOR14AT" (1 r)4 ll (2AEI@.4)) fUNCT17?
1#? FORMATI", In14 *'.IO4lx9U "EI0.4."P414"EI. FUNCTI78
III FORMAT0 )6 MAS"1190.4.CINT 'EiU4 ."Q ,104'C "10 FUNCTiI7
It?~ "OR4AT0." CUH ".110.49l )U #I*tOPI 1E04 FUNCT1O?

169 FORMAT (1 OMAS .110.4.'. CDMU "t119.4,"l GAO~ .1610.401"C 130Mu '4 FUNCTISI
o110.4, tsFl,4s ".110 14, 5M".10.41 FUNdCT182

113 FORMAT'MU -19EIO0K,1.491)04 sE04s 2m eE041 3M $ FUNCT183
1 914 OMA(*4* ZF ,1104162,1 0.4))E~. FUNCTIB6

113 FOR04AT414M ZI il0(ZM.C10.4)I FUNCYIS?
114 FORKAT(4M Z4 9I6(2XEC1@4)) FUNCT166
115 FORNAT(414 TIZ3,0(2XtE10.4)) FUNCTIO9
116 FORMAT(414 Z4 ,10129,C1@.4)) FUNCT188
110 FORMAT ('4 7Z? 9I0fZME1I0*)) FUNCT189
119 FORMAT(54H ZM6 ,P10.4,61G4 ZM 10.,1 MA E@ FUNCT190

12 FOR4AT4 ~ZM 9I11sE0.4,74TEA,)0dhZZM 04 FUNCT191

*7 TM ZAZ 9010,4) FuNC719'.
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Ili CONTINuE FuNC'T195

RE TURN FUNCT196
END FUNCY197
SUSROUTINE COMPUT (X) COMPUT 2
DIMENSION X(61 (.OMPUT 3
REAL eKARPK9I COMPUT 4
REAL NLtMA5S*NCG*M*ITvIAI~,MA9M4AX9N COMPUT 5
INTEGER END COMPUT 6
C P CO#4PLT 7

COMMN /SIP/MASSCINToACECC2,CE~3,DM~iEOMUC?L.MIEIUMUSFSMMCgMPUT a
NL*FL9IAqEiIZ0) COMPUT 9

COMMON ICONST/ NCOEC~hPIDPRRPL),GRAVTYRHU.KNUMMA1120) ,CDTA, COMPUTIO
* *4120),IETAMW(I20),TZDMAO.WOXDtXPMIT, COMPLJY11

* O!LTAsTXE5TI3lQ),CROIKARMMAX41 0),TEST(1203, COMPUT12

*COMMON/OUT ,NP.RINT ,NPLOT#END COMPUT14
COMM1ON fTEPMS/ T1,T2.T3,1*TST6010.8 COMPUTIS
COMMON IWAVE/ R(1?@).PT(1lOIZMAtiWMAEMAS.ZZWMAZwEMAtZ2WMA, COMPUT16

E 2MAZ*ZWDOT(I20) COMPUTI?
COMMON /TEST/ VMA COMPUTIS

C COMPuTI9
c COMPUTIO

CX.G a CUSx(6)J COMPVT21
SX6 a SIN(Xf6fl COMPuUT2
WO a Koc COMPUT23
PIH a P1/2.0 COMPUT24.
KPI a gKAROPI COAPUTIS11CONSI a RO*WO*WOfCXS COMPUT26
CONS2 a 1K0I#RMUOPIM.#TA)d0CX6 COMPUT27
CONS3 a QO#W0*K*C~fiSX6 OMPT
CONS'. a ROOWOOK*CX6*CXG COMPUT29
TERMI m A(I)*CX6 COMPUT30

C E02aXP*X COMPUT)'.
UM" a ZMA9E3IOS6-(i)-WOIU)OA) COMPUT32I ZM ZMX(I)S6X3I'SE(NMOXý-WOTNM)C COMPUT33

C WA*ZM*US COMPUT34
EMAS a EMA~x3*CUSX COMPUT33
ZZMU * O MA*U'3ONS X COMPUT36
ZWMU a IAO~CUNSI COMPUT3G
CEM a CI*SCO'RMU COMPUT30
Ccl 8 CCeDA *RCON COMPUT39
EED*U a CE0MUfCONS2 COMPUT'.0
C3M a CEO)DOMU*ON COMPUT41'
CZWM a ZWE2 A*CUNS' COMPUT42
EZZMU a E2NMA'CUNS'. COMPUT436

C 3M ~M*OS COMPUT44?
20 EM a1 * A'O)(EMA 1.TERS COMPUT4S
121M a Z23 * - MS4 COMPUT46,
TEcEM COMPUT4O

20S71 a Q90*TRITR COMPUT46
T1 a MANTI EINMOVu s E2MAZA - E3Eu- AMA* COMPUT49
T2 a Ti.u tiCT T..MOMPuTS3
T3 m MASXII'TRZ-E2 COMPUT54.
74 ant *ANm#fN"*VU *ZWMA-ZMAu Z~MA O COMPUTIS

T6 a -OMU COMPUTS6
T7 -CE COMPUTS?
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TS a -MA(NtIMI*UVNUM - EADMU * ZWEMA COMPUTSI
of a SF0CXA COMPUTS9

C COMPUT6O
FLGTS*T6*.T7T*-Bf COMPUTA|

SC COMPUT62
fIfNPRINT.LT.3)GO TO 30 COMPUT63

1S CONTINUE COMPUT64
VRITE(AolO)NLoFL COMPUT6S

19 FORMAT0' 4L m *.EI2,691 FL * "t1l9Eo6 COMPUT66
•3. RETURN COMPUT?'

END COMPUT68
SUSROUTINE INPUT INPUT 2

C* 0 • * * DEFINITION OF INPUT VARIABLES INPUT 3
C XA a INITIAL TIME INPUT 4
C XM E FINAL TIME INPUT S
C MMIN m MINIMUM STEP SIZE INPUT 6
C MMAX M MAXIMUM STEP SIZE INPUT ?
C CPSE a RELATIVE ERROR CRITERIUN USED FOR VALUES Of Y 0? A INPUT 6
C EPS m ERRUR CRITERION IN KUTMER INPUT 9
C A a AlSOLtoTE ERROR CRITERIA USED IN KUTMER INPUT 10
C NPRINT a I FINAL PRINTUUT INPUT 11
C a 2 MATRIX INVERSE MATRIMF COLUMN MATRIXANO KUTMER INPUT 12:. C RESULTS INPUT 13

/ , C a 3 INTEGRAL VALUES INPUT 14
C ; 4 CALCULATED VALUES-CONSTANT FOR GIVEN INPUT VALUES INPUT 15
C M R NPLOT * 0 NO PLOT INPUT 16
C * I PRINTER PLOT INPUT 17[ C END UNMBER OF RUNS INPUT 1S
"C INPUT 19
C M 0 MASS Of CRAFT INPUT 20
C V m wEIGHT OF CRAFT INPUT 21
C TZ m THRUtST COMPONENT IN Z UIRECTION INPUT it

. C IX a THRUST COMPONENT IN x UIRICTION INPUt 23
C X DCO DISTANCE FROM CO TO CENTER UF PRESSURE FOR NURMAL FURCE INPUT 24
C XP a MONF14T ARM OF PROPELLEN rIMRUST INPUT 25
C XD a DISTANCE FROM CC tO C&NTER UF PRESSURE FOR ORAG FURCE INPUT 26
C KA(IIm AUDED MASS COEFFICIENT INPUT 27
C AN ARRAY GIVEN THE VALUE KAR WHICH IS READ IN INPUT asC GM(I) S SEAM AT FREE SURFACE UR AT CHINE INPUT 29
C DRAG a FRICTIUN DRAG INPUT 30
C K m WAVE NUMBER INPUT 31
C RO a WAVE HEIGHT INPUT 32
C NU a WAVr SLOPE INPUT 33
C MUM - NUMqER OF STATIONS INPUT 34
C EL a BOAT LENGTH INPUT 35
C LAMBDA * WAVE'LENGTH INPUT 36
C RG RAOIUS OF GENERATION IN FEET INPUT 37
C T * PROPELLED THRUST IN LOS INPUT 38
C GAMMA * PRnPeLLER THRUST ANGLE IN UOGHERS INPUT 39
C DELTASOSTATION SPACING IN FEET INPUT 40
C ECO a LONGITUDINAL CENTER OF GRAVITY INPUT 41
C NCO a VE'TICAL CO INPUT 42
C BETAEI) a OEAD RISE INPUT 43
C NO(I) a HEIGHT OF MEAN BUTTOCK INPUT 44
C RHO a DENSITY OF WATER INPUT 4S
C GRAVTY 0 OoAVITY FT/SECO*Z INPUT 46
C OPR D OEOeEES PER RADIAN INPUT 4?
C RPD a RAIIANS PER OEOREE INPUT 48
C PI a 3.14159 , , . , . . INPUT 49
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C C5TMh STATION POSITION INPUT SO

C iTART *START TIME Of THlE RAMP FUNCT ION FOR SEA WAVE INPUT Si

C RISE D URATIOJN Or THE RISE FROM ZERO TO ONE Of THE NA4P INPUT S2

C * * IC OPTIONS INPUT S*

C INPUT Sl

C IC(I) al USE WAVE Z DISTANCE IN COMPUTING LIFT COMPONENT INPUT S6

C Of NL AND FL INPUT S7

C INPUT so

C INPUT S9

REAL. ITI~,LAMSDAMMAMMAXNUNtNC0,NOMA5SNLiAKAR INPUT 60

INTEGER ENI3 INPUT 61

C INPUT 62

C INPUT 63

COMMON ICONSTI NCGCCGPlDPRdRPUOI4AVTYRMOI(,NUMMA(120),CDTA, INPUT 64

* (12g),mETA,,4WllaO~,TlDRAO~wXDTKPMIT, INPUT 65

4DCLTAStEEST(1iO),CtplONAAMMAX(I,'Q),TEST(120), INPUT *6

*N(12O)vPMALf INPUT 67

COMMON isHIP/ MAISCINTOACECE2,CE3,OMOEOMUL2OMUE)DMUSlFSMMoINPUT 6a
*NLt7LoIAE(120) INPUT 69

COMMON IIN/ fMdi098111(loIVELIN INPUT TO

COMMON iIN'P NO(120)XAAMEMMAXMMI'dA(6),EPSE(6),LAMIDA INPUT 71

COMMONIUUT/NPRIN~tNPLDT ,END INPUT Ti

COMMON IACCLLo AACC~L98WACL*C0ACLL3L INPUT 73
c INPUT ?i.

NAMELIST/HqP/ANPRINTN0LuTENDWNLTZTX4ICGAXPAD, INPUT Ts

*i)RA0,RGTGAMMAECUsNCOKARROLAMSDANUMUETAEST INPUT 76
t XA9AEvHMINsHMAA9EPS9VELIN INPUT F7

C INPUT 76
DATA A /#.0h.D0041,.00401II,.UOGI,.0000d INPUT 79
DATA %PRINTNALOTEND/19191/ INPUT so

DATA WRLTZTXXECGAPX0,0RAGMULAMNUARGTGAMMA, INPUT 91

* ECGNP%,KAR /16.,9375,6.DO.O,.416,22.S,.9S62ti'O.0, INPUT B2

*2.32590.00,.0/ INPUT 63

r~.DATA NOM9SETAEST 0792z0 as INPUT 84
* O0O09.03125,.O 62S0,.*93T5,.I2E00,.*IS6,.1I75O..2l575# INPUT 85
* 520600028125# 312509 14315,.3?560,.406?5,.43?S6..'s466S, INPUT 86

* .500'jo.S3125,.S6250,.S9JT5,.625o~~60.S25..6
T
S,?1s7oi.~ INPUT 87

* .7TS0l.O,.TSti,.Sl250,.8437b,.075O09,906259,.93750, .9687S,1.000, INPUT 88

* 1.O6saO1.I2SO0,I.l87sflO,1Z009,I3125o,IM000,I43759 INPUT 89
L.SO~lS62,1.2S,.AA5,I7S,.B15,I~7S1.97S,.O.INPUT 90I

* 2.O625,,.I25,2.I87S,2.25,?.3I1,2,#3159,243?t52.5,45*S2S,2.625# INPUT 91
* 6*?S,75,75.2,SISj2,*S750,2.9375,3.o,3.O625,3.12S,3.1875, INPUT 92

* 3.2SO0,).3125 ,3.37So3e43759,53.,3562St3.62St3o687S,3,75 / INPUT 93

DATA XAAsEHMIN9MMAIFPS 1,O0,20*.o.o25,.I..I5, INPUT 95
OATA VELIN /19,62/ IPT9

C INPUT 96
C # READ IN AND WRITE OUT KUTMER PARAMETERS AND PROGRAM INPUT 9?

c OPTIONS INPUT 98

*READ45,'mSPi INPUT 99

wRITE (5,9I5) INPUT100

D0 10 1019A INPUT101

10 EPSE4II a FPS INPUT102

C INPUT103

C** * SET UP CONSTANTS INPUT104

P1 3.14IS926S3589 INPUT 105

ORAVTY*3?.18 INPulI~b

DPR@57.2957?951 308 INPUTIO?

RPO6*@17453292519 INPOTIDS
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C INPUT110
COMPTE O AN AMARRAYS IPT1

INPUT 112

IU(EsT(NUMGEL* 0,75) STOPu 30 INPUT114
NO(18-0.687*(Io-SiTIES~l~oo3?-(ET(I)O*?)**ZO))INPUTII

00 TO32 Ii1,NIJM
39 No mosoINPUT!148

904(Et().Ga.0.75 GO NTJ 119
32CNTINUE4CS .0SR 5h O3S.SIo.5* INPUT120

Bo***CM(I)*.)7S SQTATAN INI-E T(IALZ ARRAYS'*.0 INPUT!161
GO TO 32INPUT122

INPUT 123
39 NOOIOOOO INPUT!194
X94! a 0.175MOA NU72

32 CONTINUE T/K INPUI126
CO~e *eeOH*T OSANSADIIIAIEAR INPUI127

c U 1 GAT INPUT129

BETA a Ern *RPD LNPUT130
CuO m C4GRAVTY INPUT 131
TA m T.~/ANIE AI INPUT132
00 6 P m.NK INOUT133

PM1L) a (P!/2.TI)RH INPUT134
NiTA a NCETA.RPD INPUT135
COA~l * CO KFAROH) OMIOMI INPUT136
TAS(I a TANISETAP INPUT13?

69 ONTINUECOET INPUT138

9Nil *NCg.NO( INPUT139

1•RETURN INPUT 140
END INPUY1'.1
SUBROUTINE PLUTER(VARAH'4AXLAMUUAIINWAVEIPT) OLOTER 2

C PLOTER 3

C INPUTI 9'LOTER 4LIC FM A TWO DIMENSIONAL ARwAY CONTAINING PITCH AND PLOTER S.
C HEAVE VALUES AT EACH TIME STEP PLOTER 6AIIILTM ~OE

C HMAX TIME INTERVAL, PTIME'H'4AA a INTERVAL NETWEEN PLOTER &
C PX VALUES PLOTER 9
C LA#4SUA WAVELENGTH USED IN CALCULATING PITCH AND PLOTER10
C HEAVE RAYIOES P'LOTER11
C Is NUMBER OF FX VALUES PLOTER12
C NWAvE START OF VALUES AFTER WAVE IS COMPLETELY ON PLOTER13
C F'LOTER14
C PLOTERIS

REAL IT9K*LAM@OA9Mv,94AMMAAsNqNC0 RLOTER16
INTEGER ENq PLOTERIT

c PLOTERIS
OIMENS!L)N 7M42#0.1h7MIN(2),7I4AXIZ).NVAR(2) PLOTER19

c PLOTER20
COMMON /CONST/ NCGECGPIOPRRPDGRAVTYRHDKNUMMA(12O)tCD.TA# PLOTER21

a l12OIIETAMW(120),TZDRAG.WAOTMPMIT, PLOTER22
DELTASTXEST(IZO),CRU~e(AMHAX412O)tTESTiL*O3, PLOTER23

* N4120),PMALF PLOTERI'4
COMMONUUTNPRINTNPLDT ,ENO PLOTER2S

C PLOTER26 1
C **** .aaSET UP VALUES FOR PLOT AND CREATE PLOT PLOTER2?
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C *SET UP MIN AND) MAA LIMITS FO PLT LOTER29

PMIN(1)w*PAi'I) 
PLOTER30

PWIN(I3PX(,I) ILOTER31

PMAA1)~P(1,1 gPLOTER32

PMAX 42) arx(2, 1) 
PLOTER33

C ****....SET UP MIN AND M4AA LIt4IMTS FOR ,'ITCH AND HEAVE RATIO PLOTER34

FMX~uX1204AVE)PLOTER36
PLOTER3S

PMXP'PX I2.NWAVE) PLOTER34
VMEPPKIIIWVE)PLOTER39

191)P(1NW RI LOTER3O

IF MAFu (I 1)*.N *MAFNm AA 4 ItIIPOE4
I'LOTER39

c ~PLOTER'.O
00 Zo I.1IS PLOTER49I

IP(P(1.I.GTPWAM1I)PAA(~PM~9I)PLOTERSO
lqCNI NUPE~l1.~WNl)MNl~MJ PLOTIRSI

I7II.LE.NWA IGO TO 10 PLOTERAI

IP1PL hI m L.WHVNUA1I 
PLOTER'.8

174 (pF2,) LTPFMNP)tM94**PAtI*O&MA) 
PLOTERAS

RI7C(PK 970) COt.P3P9MC UA(,I PLOTgR*9

7$09 CONMTINUE 1HAEAPIU~WVEEGT "126-0X PLOTZRBO

jPIT.QO 
OGONEOTLA§A To 6001* 

PLOT[RS?

460 COTINUEPLOTERS9

COL3 *OIG HVEAVEHI(.OO 
PLOTER60

CCL'. u 16 (P ITCHMN #(*OI*O/AI0A 
LOTER61

NRiTel .@O O3,O 
PLOTERIS

C 0X 
PLOTER63

OeLQ CONTINU 
PLOTER64

IFNVARL)UIT*EtlAVE PO2ftMNFAgV49FNNo~X*EX PLOTER69

RETURN 
IPLOTER66

ENO 
OLOTgR6?

SUIROUTINE TRAP (PDX*NPTStANS) 
TRAP 2

C 
TRAP 3

c LNPUTS 
TRAP 4

c r ARRAY OP FUNCTIONAL VALUES OP THE INTEGRANO TRAP 5

O X THE X INTERVAL BETWEEN VALUES 
TRAP TRP

C MPTS THE NUMSER OP VALUES GIVEN 
TRAP S

c UUTPUTS 
RA

C ANS THE VALUE OF THE INTEGRAL TRAP 9

C 
TRAP 10

DIMENSION P(NPTS) 
TRAP 11

ANS0O94 
TRAP 12

iP(NPTS*LT.ZIOO TO 999 
TRAP 13

DO 1 wI9INPTS 
TRAP 14

1 ANSGANS*(I3 
TRAP 15

ANS20A*(AN~.I()IPSI TRAP 18

999 CONTINUETRP 
1

RETURN 
TRAP Is

END 
TRAP 19

FUNCTION RMP(1,STARTORISE) 
RMP 2
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C 0 * 0 THIS FUNCTION IS USED TO GNAL)UALLY IMPLI14ENT THE WAVE P4MP 3

CT CUJRRENT TIME 1(mp 4
CSTART TM TOSTARIT RAMP FROM 0.0 TO 1.0 RMP
CRISE TH9 LENGTH Of THE RISE FROM 0.0 TO 1.0 RMP 7

C PM! S

4.0.0 RIMP 9 s

IP(TeLT.STkRT)OO TO 99 RMP 10
I7(RIstacQ.@.0)GO TO so RMP 11
TOP*T-IT ART 14MP 12

IfT (TPqLT.,ISEH.mTOPiRISE PIMP 14
GO TO 99 WMP is

SO Hal. R14! 16

IF ETJO*SIART)H80*S iAMP 17

99 RmpsM RMP is
RETURN RN! 19
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LISTING OF COMPUTER PROGRAM FOR CALCOMP PLOTS

PROGRAM PLTNSP(IN
0
UTOUTPUTTAPE mINPUTTAP~kaUUTPI.TTAPE7,TAPE9) MAIN 2

ITAPE a MAIN 3

CALL CALPLT(ITAPEO MAIN 4.
*STOP MAIN S

END MAIN 6
SUBROUTINE CALPLT I TAPE) CALP 2
DIMENSIUN ?IMCc4003).PITCmt4003ImEA~i(4.003) CALP 3

t IBUfl1000).5WACL 440~3)*CGACL(4fiO3) CALP 4.

LOGICAL ACCCL CALP 9
c CALP 6
C CAL CUMP PLOT Of PITCH AND MEAVI. VEQSUS TIME CALP ?
C CALP &

INKAO 0 COLP 9
RCAOCIREAO.10) XAAAStYAXISPYAAISnM*T CALP 10

10 FORMATW~Pfte4) CALP 11
ACCEL 2 *U'LSE. CALP 12
REAOI1READ.201 IA CALP 13

2D PONMATL1@i1 CALP 14.
ILiiA.41 ACt £7ACNUEAdEO,@YASo YAG CALP 17

ZIF(ACCEL) DACCELD10 * *TIUE. ~ lS CALP 16

CALL PLAUT(O.S,1. E*IT~tWAL,-3)~NPý CALP 19

CALL ESCLEETSIBE,.sl ISNTS,1 CALP 208
CALL ESCLr4MF.VC~yA1SN,9TS, CALP 19

CALL ESCALF4PITCMYAXISPNPTSvl) CALP 22

IFIACCEL) CALL fSCALE(BwACLqYAAISW*NPTsvIh CALP 23
IFIACCEL) CALL [SCALE(COACLYAAISCNb'?So1) CALP 24
NI a NPTS.1 CALP 25
Ni a NPTS*! CALP 26
N3 a NPTS*3 CALP 2?
CALL WAIS1@0 090oISMTIME IN SECUNDSt-13,KAXIS90o0, CALP 26

TlMilNI)sTIME(N2)#TIME(N3)*HTI CALP 29I
CALL EAAIS(0*O090,I93MMEAVE IN FE09T13.YAXISN,90*09 CALP 30

* MAVE(JI1),MCAVIINZ),MCAVE(N3),MT) AP3
TEMP 0 TlMEiN2) CALP 32
TImEfN2) m TImg(N2)/TIMC(N3) CALP 33
MEAVE(N2) a HEAVE(NV/04EAVEiN31 CALP 34

CALL LjNE(TIMtLMEAVf9NPISI,0,0o) CALP 35
TIMUNIi) a TEMP GALP 36
XNEW m XAATS*3o CALP 3?
YNEW a 1.0 CALP 38
CALL. PLuT(xEwCjO0*0-3) CALP 39
CALL EAAIS(0j~,O0*4qSHTImE IN SECCuNus-15,MAXISt0#O, CALP 40

* TIME N )9TIME(N23,?IMt(N3)vmT) CALP 41
CALL EAAIS:0;40*0v13HPI7CH IN k.AU*#13#YAEjSPt90*O, CALP 4.2
* PITCH N ))PITCH(N2),#'ITCm(N.1J,'T) CALP 4.3

TIMEfNZ) aTIME(N2)I'TtME(N3) CALP 4.4
PITCmfN2) *PITCm(N2)/Pl7C'44N3) CALP 45
CALL LINE(TIMk~fPITCdoNPTS91*O,0) CALP 46

IF(*NUT.ACCEL) 00 TO 30 CALP 4?
TZME(N21 x TEMP CALP 46

CALL PLQTlXNEW90*0o-3) CALP 49
CALL L.AXIS(O.09,0901ISTIME IN StL(UNOSv-15vAAXIS*0.0,TIMEfIN)v CALP 50
*TIMtlNR),TIMEIN3)tmT) CALP 51
CALL LAXTS(3*09O09016"AVW ACCEL kA71UNtl&,YAXIS9,90O.,WACLINIICALP S2
* WACLlN2),9WACL(N3)vMT) CALP 53
TImE(42 a TIMC(N2)/TII.L(N3) CALP 54.
dWACL(N2) N wACL(N2)iIqwACL(N3) CALP S5
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CALL LIN~fTIMLdWACL*NPTS,1,O0,0 CALP 56

CALP S7
?IME(NZ) m TEMP CALP S8

CALL PLUT(xNEw,0.0,-3) CALP 59A
CALL tAXlS(0o@,0.0,LShTIME IN St.CUNL)Sv-IS9XAXISs0O*OTIMtENI)* CALP 60
*TIME(N23,TIME(N31soiT) CALP 61
CALL LAXIS(0.O0,0.015MCO ACCELEI4ATION,15,VAAISC,9Oe0CGCACL(NI), CALP 62
* CACL(N2 .C0ACLlN3) ,HT) CALP 63
TIME(N2) TIP4E4NIP,'?IME4N3) CALP 6'.
CGACL(N2 * CCDACL(N2)iCOACLlN3) CALP 65
CALL LINI(TIMEtCOACLNPTS91,O,0) CALP 66

30 CONTINUE CALP 6?
CALL PLUT('30949,O0*999) CALP 68
RETURN CALP 69
END CALP 70
SUBlROUTINE RCAOTITIMEHEAVEPITCM,8WACLCGACLNPTS) READ 2
DIMENSION X(6)*MEAVE(I)oPLITC4() R~EAD 3

s T1MCiI)vRwACLE1~vCOACL(Ai READ 4.
1U 0 READ S

S CONTINUE READ 6
I a 101 R4EAD 7
REA049) TIME(II .(X(IhIP4,6),UWACL(I~,C4iACL(i) READ a

15 CONTINUt READ 10

HEAVEl) 0X~s)READ 13

00NoD READ 20

SUBROUTINE EAXISAXPAGE ,'PA0EIHCDNCHARAXLENAN0LE,7IpSV, EAXIS 2A

D[LT4V9D9LTAUsHT) (AXIS 3

CTHIS RUI1TINE WORKS LIKE TIKL CALCUMP AXIS WITH THE ~XSkA! IESU SU1 AI
C EXCEPTION ThAT THE TICK MARAS AWE NUT NECCESSARILY EAXIS 7
C EVERY INCH AND THE HdIGMT UV TMiI CHARACTERS IS INPUTTEU (AXIS I

C EAXIS 9

CALL PLYT (XPAGEtYPAGE93) LAXIS 10I
ISN a ISION(I*NCHAOIEAIS1

ISON 0 SIGN(1.,DEL7AV) (AXIS 12
AMNi * FIRSTV EAXIS 13

x PAGE EAXIS 14
Y : YPAOE EXSi
XNUM * tRSTV-OELTAV EAXIS 15
N *AALENIDELTAU LAXIS 17
IF(N*DFLTku.LT.AXLEN) NsN*I EA.XIS 18

AMAX U AMIN#(N*DELIAV) EAXIS 19
NDIO a NDIGZT(4M*NvAmAXvDLLTAU9NO) EAXIS 20

10 CONTINUE EAXIS 21
TEST a (NDIO.Nr) # HT CAXIS 22
IF(TEST*0T9OELTAU) HTsHT/2. LAXIS 23
IF(TFYT*fTUELTAU) GO IU 10 EAXIS 2Z4
AYN *(I.S*HT) EAXIS 2&
SYN * UNDlO-2i'HT),02...b*IT) LAXIS 26
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TANG a (q0,.ANGLE),'57.a95A AIS2

ANG -ANGLLi'57.?956 AI32

CT 8 SINITANO)EAI 30

CT 0 CUSITANO) EXS31
I a SIN(AN1)) EAXIS 3
C COSiANG)W S3

lVII.LG.l) (to) TO 20 EXS3
A a X*GtLTAU#C EXS3
Y 8 Y.OELTAU#S4XS 37
CALL WLUI'4A.Ys23 AI 38

IP(IvE0.N) 00) '0 20 EXS39
AT a A*(,I*Ci-ISN) LAXIS 40

YTa Y*(*1*STOISN, EAI l4
CALL 0LUT(XTqYTvP) EAX IS 4 a

2(4 AN a AAYN*CT*ISN-AVN*C EAXIS 43
YN a Y*AfNO¶T*ISN;BYN*S EAXIS 44

CALL hUM9ERtXN9YNMTXhUmAN('LL#NU) (AXIS 46
CALL PL(XY3 AXIS 4?

30CALI~L ChUi~f3 AXIS 4?

XSP a (U(AXLEN#HT~i2.)-IlABS(NCHAI4)/2.I)*MT EAXIS 49
YSP a 3.*M*T EAXIS SO0'

AT m AIVA(A # 000'C * ISN*YSP*CI EAXIS 51
YT a YPAGE # ASPOS # ISN*YSIOOST tAXIS 52
CALL $YMBUL(XTY7,MrIsC0,ANGLelAdS(NCMARfl EAXIS 53

RETURN LAXIS S4

C NOWG 3

C EVEN INCREMENT OF THE FUNCTION UN THE AXIS NOIG 5iO IENME 7OOT NC~SR 0PLTNI

C NOIGIT THE NUMR(E. OF PLACES IN THE ENTIRE NUMBER tIOIG ?

C NO) THE NUMBER Of P¶ECIMAL PLACES NOIO b

CNOW 10

IF(A.$R(AMIN)*EQ.AB5(AMAA).ANO.AMAA.NE.0) 00 TO 20 NOW 12
IFlABS(AMIN)*GI.AdB(AMAA~l 00 TO 10 NOWG 13

AMAX - 1. NOIC' 14
AMIN 0 -1.0 15 I
Go 10 20 N010 16

10 AMAA a ARSIAMLN) N030 17
26 IFCAMAA.L(.1.) 00 11 0 SOt NO lb1

MDIV *Inl NDiG 19
I I1 N010 20

31) IF(AmAx/N0IV#LT.1, 0O TO 40 N010 21

I 2 4010OI 22
NDKV - NOIv#IO 4010 23
01) Tu 10 ý4010 2'.

40 NOIGIT a 1.3 4010 25
NO a 2 N0OW 26
00 TO 80) NDOb P7

SO NOIV 10 Ic401 28
1 .1 N010 29

69 I7(AMAAONDIV.O,G.1. 00 TO 70 NOWG 30

tI * I1401 31
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NDIV a NrIV410 NOG3
00 TO 60 DO3

?0 NOIG!? 1*2! NDKG 34

80 00 m FLIVAT(ND Nola 32
X* ANUMO(IOOOOO) NOIG 3?
IA. A NOIG 35
I7(X-FLUAT(EM)sLTs#000I) 60 TU 90 NOIG 39
00 * 0041 Nola 60
NO a NO#1 NOIG 41
NOIGE? 8 NIIOIT.I Nola 42
GO TO so NDOb 43

90 CONTINUE Nola 44
RETURN NOI* 4S
END NDOI 46
SUBROUTINE [SCALE(ARRAY9AALEN9N0TSINC) 92CAL. 2

C ESCAL 3
C FINDS THE SCALE TO at USED ON TmlE AXIS -LICAL 4
C ARRAY MIDST HAS THREE UNUSED) POSMtONS ESCAL 5

C ADAY(NPTS.I) a I5V SA DELTAV (THE INCREMENT @ETWEEN TICK MARKS ESCAL ?

C VALUES - NUMBERS) 9SCAL 8
C A0*AY(NPTS#3) a DELTAU (TME INCREMENT IN INCHES LOCAL 9
c BETWEEN TICK MARKS E LCAL 10

C LOCAL 11
C SCAL 1It'

DIMENSIUN ARRAYMI ISCAL 13
AMIN a ARRAYM1 4SCAL 1

ICaIAOS(INC) AMEASA()LCAL I?
DO) 10 1I91NPTSqINC ECL1

k ~ ~ AN~INI(A0AYMINAMAA, AXLENNmAHANUM) L1
IF(AVRAY(IhS0TsAMAX) AMAW.AMAYII) ESCAL 20

CALL AUJUAT(AMINAMAXAUNITAXLENNANUM) ESCAL 23
ARRAY(NOTS*1) 0 AMIN ESCAL 24
ARRAY 4NOT'TS.2 a ANUMOISON ECSAL 25

I7(IS(.NsFO.-1)ARRAYfNPIS.1) a AMAA ESCAL 26
ARRAY(ND

1
TS*3) m AUNIT LOCAL 2?

Ef(A8SjANU.I).EO.AUNET) ARRAY(NPTS#2j m 1e#ISGN ESCAL 26
IF(AAS(AJ4Uw).tO.AUNII) ARRAYINIPrS#3) a 1. CSCAL 29
RETURN LOCAL 30
END tSCAL 31
SUBIROUTINE ADJUST(AMENAMAMAUNITAALENNANtJMI JUST 2

C JUST 3
C GIVEN A~iIN AND AMAX WHICH ARC LJISTINCT VALUES* ADJUST JUST '.

C THEM SO) THAI TH~EY ARE EVEN MULTIPLES OF AUNET JUST s
C JUST 6

KI JUST ?
MIN aAMINANUM JUST 8
IF(AMIN.LTMEN#ANUI4) MEN a MIN-1 JUST 9
AMEN m MINOANUM JUST 10
MAX a AMAXOANUM JUST 11
EP(AMAA.QT.MAX*ANUMD MAX a MAA~j JUST 12
AMAX a MAX*ANUM JUST 13

10 TERM a AMIN,(N.K.*ANUM JUST 14
I7(TERM.LT.AMAX) 00 TO 20 JUST 15

72



BEST -AVAILABLE COPY
K a Kok JUST 16
00 TO 10 JUST 17

20 AUNIT u AXLEN/fN-K.I) JUST I1
N a AALLNiAUNITOI JUST 19
RETURN JUST 20

'END JUST 21
FUNCTION UNIT(AMINAMAXtAALENtNtANUM) UNIT 2

C UNIT 3
C FINDS THE INCREMENT BETWEEN VALUES TO BE USED UN THE UNIT 4
C AXIS IN AS PAR AS LABE6INO THE TICK MARKS UNIT 9
C FINDS THE NUMBER Of DIVISIONS TO dE MADE ON THE AXIS UNIT 6
C FINDS THE SIZE IN INCHES OF TMLSE DIVISIUNS uNIT 7
C UNIT a

IF(AMINNE.AMAX) GO TO 10 UNIT 9
AMIN 9 AMIN-1 UNIT 10
AMAX a AMAX*. UNIT 11

10 IF(AMAX.LTo,1ANOoAMINeGTo-I)OU TO 110 UNIT 12
30 MEN i AMIN UNIT 13

MAA a AMAX UNIT 14
IF(AHAX.•THAX) MAXMuAA*1 UNIT 15

IFfAMIN.LT.MIN) MINuMIN-1 UNIT 16
IF(MINLT.O) NWlD s MAXeIASSIMIN) UNIT I1
IF(MINOEnfl) NWID a MAXMIN UNIT 1S

NUm * 10 UNIT 19
4U IF(NWIL)#LT*NUM) GO TO 60 UNIT 20

NUM a NUmOlO UNIT 21
O0 TO 40 UNIT 22

60 N a NWIO/(NUM1IO) UNIT 23
IPMINsLTs1*ANOMAXoGTO) O0 TO 70 UNIT 24

IF(N#(NUMýI0),LToNwtD) NmNeI UNIT 2S
ANON 2 NUU/10s UNIT 26
AUNIT m AXLEN/N UNIT 27
00 tO 160 UNIT 28[0 NN a IABS(MIN)UINUM/10) UNIT 29IF(NNe(NUM0I0)eLTIAFSfMIN)) NN a NN*1 UNIT 30

N a MAX/4N1,M/10) UNIT 31
IFINOINUM/10jLT.MAX) N a Nol UNIT 32
N a N#NN UNIT 33
ANUM O NUMi1b. UNIT 34
AUNIT * AXLEN/N UNIT 35
O0 TO 160 UNIT 36

11U NUMNIO uNIT 37
116 IrIAMAAONUM.OT.1) 00 TO 130 uNIT 38

NUM a NUM*10 UNIT 39
GO TO 120 UNIT 40

130 UNITT a I./NUM UNIT 41
146 Ni a AMIN*NUM UNIT 42

N2 a AMAM4NUM UNIT 43
IF(AMINONUMLTNI) NIONI-| UNIT 44
IF(AMAKONUMeGTN2) NI.N2*I UNIT 45
IF(NIoNEoN2) GO TO 199 UNIT 4e

AMIN a AHIN-UNITT UNIT 47
AMAX a AMAX-UNITT UNIT 48
OU T1 140 UNIT 49

IS0 N a N2-N1 UNIT SO
ANUM a UNITT UNIT 51
IFIAMIN*LToO0ANDeAHAX.LTO) NNNI-N2 UNIT S2
IF(AMIN*LToOsANDOAMAX*OE*4) NONi-NI UNIT 53
AUNIT * AALEN/N UNIT 54
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I
o60 IF(N*GToS) GO TO 170 UNIT SS

N a N*2 UNIT S6
ANUM * ANUM/2. UNIT S?
AUNIT * AUNITI'. UNIT S8
GO TO 160 UNIT S9

170 UNIT a AUNIT UNIT 60
RITURN UNIT 61
ENO UNIT 62

El
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INITIAL DISTRIBUTION

Copies Copies

1 WES 2 NAVSHIPYD MARE

I CHONR/438 Cooper 1 Liorary
1 Code 260

2 NRL

"1 Code 2027 1 NAVSHIPYD BREM/Lib

1 Code 2829 1 NAVSHIPYD PEARL/Code 202.32
I ON R/Boston 8 NAVSEC

ONR/Chicago 1 SEC 60349
1 1N 1 SEC 6110

1 ONR/Pasadena 1 SEC 6114H

I NORDA 1 SEC 6120

4 USNA 1 SEC 6136
1 Tch ib1 SEC 01408

I Nov Sys Eno Dept 1 SEC 0144G

1 B. Johson

1 Bhattacheryyd 1 NAVSEC, NORVA/6660.03 Blount

3 NAVPGSCOL 12 DDC

1 Library 1 AFOSR/NAM
1 T. Sat'pkaya

1 J. Miller 1 AFFOL/FYS, J, Olson

1 NADC 1 NSF/Eng Lib

3 NOSC 1 LC/Sci and Tech

1 Library 1 CjOT/Lib TAD.491.1
1 Fabula 1 MMA, Library

I U. of BRIDGEPORT/& Uram
1 NCSL/712 D. Humphroy$ 4 U. of CAL/Dept Navel Arch, Berkeley
I NCEL/COde L31 I Library

I NSWC, Dohlgren 1 Webster

I NUSC/Lib 1Puln
1 Wehousen

7 NAVSEA

1 SE0322 U. of CAL, San Diego1 SEA 033 
1 AT. Ellis1 SEA 03512/Pierce 
1 Scripps Inst Lib)

1 SEA 037 3 CIT
3 SEA 09G32 I Aero Lib

1 NAVFAC/Coae 032C 1 T.Y. Wu
I A. Acosta

1 NAVSHIFYD PTSMH/Lib
I CATHOLIC U. of AMER/CIVIL

1 NAVSHIDYD PHILA/Lib MECH ENG
1 NAVSI YD NORVA/Lib I COLORADO STATE U,/ENJG RES CEN

1 NAVSHIPYD CHASN/Lib I U. of CONNECTICUT/Scottron

1 NAVSHIPYD LBEACH/LIb 1 CORNELL U/Sears
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Copies Copies

2 FLORIDA ATLANTIC U. 2 SOUTHWEST RES INST
1 Tech Lib 1 Applied Mach Rev
1 S. Dunne 1 Abramson

2 HARVARD U. 2 STANFORD U.
I G. Carrier 1 Eng Lib

I Gordon McKay Lib 1 R. Street

1 U. of HAWAII/Bretschneider 1 STANFORD RES INST/Lib

1 U. of ILLINOI%*,IJ. Robertson 1 Ij. of WASHINGTCoN/ARL Tech Lib

3 U. of IOWA 3 WEBBINST
1 Library 1 Library
1 Landweber 1 Lewis
1 Kennedy 1 Ward

1 JOHN HOPKINS U./Phillips 1 WOODS HOLE/Ocean Eng

1 KANSAS STATE U./Nesmith 1 WORCHESTER PI/Tech Lib

1 U. of KANSAS/Civil Eng Lib 1 SNAME/Tech Lib

1 LEHIGH U./Fritz Eng Lab Lib 1 BETHLEHEM STEEL/Sparrows Point

5 MIT 1 BETHLEHEM STEEL/New York/Lib

Library 1 BOLT, BERANEK and NEWMAN/Lib
1 Mendel 

1 GENERAL DYNAMICS, EB/Boetwright

1 Abkowitz 1 GIBBS and COX/Tech Info

1 Newman 5 HYDRONAUTICS
U. of MIN/ST. ANTHONY FALLS I Library

1 Silberman I E. Miller
1 Schlebe I A. Goodman

1 Wetzel I V. Johnson
1 Song 1 C.C, Hsu

3 U. of MICH/NAME 1 LOCKHEED, Sunnyvale/Waid
1 Library 2 McDONNELL DOUGLAS, Long Beach

1 Ogiivie 1 J. H su
1 Hammitt 1 T. Cebeci

2 U. of NOTRE DAME 1 NEWPORT NEWS SHIPBUILDING/Lib
1 Eng Lib
1 Strandhagen I NIELSEN ENG and RES

1 PENN STATE,ARL/B. Parkin 1 OCEANICS

1 PRINCETON U./Mellor 1 ROCKWELL INTERNATIONAL/B.
Ujihars

5 SIT
1 Library 1 SPERRY RAND/Tech Lib

1 Breslin 1 SUN SHIPBUILDING/Chief Naval Arch
1 Savitsky 1 ROBERT TAGGART

1 P.W. Brown
1 Fridsma 1 TRACOR

1 U. of TEXAS/ARL Lib

1 UTAH STATE U./Jeppson
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CENTER DISTRIBUTION

Copies Code Name

1 1600 W.E. Cummins

1 1504 V.J. Monocella

1 1606 M.K. Ochl

1 1507 D. Cleslowski

1 1512 J.B. Hadler

1 1520 R. Wermter

1 1521 P. Pien

1 1524 Y.T. Shen
1 1524 W.C. Lin

1 1532 G. Dobay
1 1532 R. Roddy

1 1540 W.S. Morgan

1 1552 J. McCarthy
1 1552 N. Salvesen

1 1560 G. Hagen
1 1560 N. Hubble

10 1582 M. Martin

1 1584 J. Feldman

1 1568 G. Cox
1 1572 M.D. Ochi

1 1572 C.M. Lee

1 1576 W.E. Smith

10 5214.1 Reports Distribution

1 522.1 UnclassIfied Library (C)

I 52k.2 Unclassified Library (A)
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DTNSRDC ISSUES THRtE TYPES OF REPORTS

.. DTNSRDC REPORTS, A FORMAL SERIiS. CONTAIN INFORMATION OF PERMANENT TECH-
NICAL VALUE. THEY CARRY A CONSECUfIVE NUMERICAL I0ENTIFICATION REGAROLESS OF

THEIR CLA&SIFICATION OR THE ORIGINATINnI DEPAWFMENT.

2. DEPARTMENTAL REPORTS, A SEMIFORMAL SERIES, CONTAIN INFORMATION OF A PRELIM-
INARY. T6MPORARY. OP PROPRIETARY NATURE OR OF LIMITPD INTEREST OH SIGNIFICANiCE.

THEY CARRY A DEPARTMENTAL ALPHANUMERICAL IOENTIFICATICN.

3. TECHNICAL MEMORANDA, AN INFORMAL SERIES. CONTAIN TFCHNICAL DOCUMENTATION
OF LIMITED USE AND) INTEREST. THEY ARE PRIMARILY WORKING PAPERS INTENDED FOR IN-

'TORki.tL USE. THEY CARRY AN I0ENTIFY!NG NUMBER WHICH4 INDICATES THEIR TYPE AND THE

NUMERICAL CODE OF THE ORIGINATING DEPARTMENT. ANY' DISTRiBUTION OUTSIDE OTNSIROC
MUST BE APPROVED BY THE HEAD OF THE ORIGINATING r)EPARTMENT ON A CASE-BY-CASE
BAXIS.
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