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ABSTRACT

Modifications were made to a motion prediction
computer program for a hullborne hydrofoil in waves
to include the zero speed case. The program can now
be used to compute the six-degrees-of-freedom (6DOF)
hullborne hydrofoil craft motions for a craft speed
of zero as well as for a constant forward speed, less
than the critical "lift-off" speed, with arbitrary
heading in regular waves. Basically, the program
consists of the already existing "DTNSRDC (David W.
Taylor Naval Ship Research and Development Center)
6DOF Ship-Motion and Sea-Load Computer Program"l*,
which computes the motions of hulls in the dis-
placement mode, with appropriate modifications to
incorporate the effects of the submerged foil system
on craft motions. Presented in this report are a
discussion of the mathematical model for the zero
craft speed case, input information pertaining to
the hydrofoil system, and a discussion of the results.
The Appendices present a listing of the program
update cords and the suybroutines pertaining to
the foil system,

ADMINISTRATIVE INFORMATION

This work has been authorized by and sponsored by the Naval Material
Command (08T), funded under the Ship, Subs, and Boats Program, Element
62543N, Task Areg_ZF-43j421—001 and administered by the Ship Performance
Department High Performance Vehicles Program (1507) under Work Unit Number
1500-100.

INTRODUCTION

A description of the "DTNSRDC Huliborne Hydrofoil 6DOF Motion
Prediction Computer Program" for the zero craft speed case is presente:
in this report. It serves as an extension to the previously developed
program in Reference 2, which predicts the motion for a hullborne
hydrofoil craft in six-degrees-of-freedom (6D0F) advancing at a constant

forward speed in the displacement mode with submerged foils at an

*References listed on Page 31,
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arbitrary heading in regular waves. The program is an adaption of the
already existing "DTNSRDC 6DOF Ship-Motion and Sea-load Computer Program"l,
based on the theory by Salvesen, Tuck, and Fa]tinsen3, which was developed
for the prediction of motions and dynamic loads of conventional displace-
ment type hulls, and is utilized for planing hulls in the displacement
mode as well. The program modifications consist of adding the hydrodynam-
ic force terms attributed to the immersed hydrofoil system to the already
existing equations of motion for the hull. This technique has been used

successfully by R.T.Schmitke who developed two computer programs for

R —

simulating the motions of a huliborne hydrofoil vessel at zero speed as

well as for forward speeds less than the critical "1ift-off" speed for
5

head seas4 and beam seas”.
The hull related input information for the herein presented program

remains identical to the original, "DTNSRDC 6DOF Ship-Motion and Sea-Load

Computer Program." The additional input information re]atiné the hydro-
foil system is given for computing the hullborne hydrofoil motions either
at zero speed or at a forward speed less than the critical "1ift-off" -
speed for an arbitrary heading.

The modified program's output consists of the amplitudes and phases
in surge, sway, heave, roll, pitch and yaw for a given set of wave fre-
quencies and a specified set of forward ship speeds and headings, as well
as the corresponding response amplitude operators, nondimensional transfer
functions, and nondimensionalized excitation forces and moments as in the
original program for ship motions. Also printed are the coefficients of
motion and the excitation forces for the hydrofoil system as well as for

the hull. Optionally, one can obtain the two sets of coupled differential

t st




equations of motion in matrix form; one for surge, heave, and pitch and

the other for sway, roll, and yaw. Each set is given for the hull portion,
the foil-strut portion, the combination of the two, and the final inverted
matrix with the solutions. Both sets are for the minimum specified
frequency.
MATHEMATICAL MODEL

The analytical model for determining the motions of a hullborne hydro-
foil craft at zero speed is obtained by adding linear and quasi-linear
terms to the hull terms obtained by strip theory which is based on the
solution of the sectional two-dimensional problem utilizing a close-fit
source-distribution technique developed by W. Frankl’G. The major
assumptions and limitations are:

1) wave amplitude of unidirectional regular waves and craft dis-
placements from equilibrium are both small.

2) both the craft's beam and draft are much smaller than its Jength

3) the craft, both hui]and hydrofoil system, are laterally
symmetrical

4) dynamic 1ift attributable to the hull's planing surfaces is
insignificant

5) the foil system is divisible and representable by a set of
rectangular foil elements

6) interaction between the hull and hydrofoil system is negligible
as is the interaction between the foil elements

7) the hydrofoil system's contribution to surging is negligible.

HULL EQUATIONS OF MOTION

The conventions used in the hullborne hydrofoil craft motion program




are the same as the "DTNSRDC Ship-Motion and Sea-lLoad Computer Program."

The following will briefly restate the definitions used>. As shown in

e e

i e gy e

Figure 1, the vessel-oriented, right-handed ccordinate system is defined
to have its origin in the plane of the undisturbed free water surface.
The positive x axis passes through the craft's stern, the y axis is to
starboard, and the z axis is vertically upward passing through the center

of gravity. The heading angle u is defined to be 0 degrees for waves

approaching the stern and 180 degrees for waves approaching the bow as i
illustrated in Figure 2. The encounter frequency, W s being equal to the f

circular wave frequency w for zer craft speed is given by the expression

érg (1)

for depths much greater than the wavelength i.
With the assumption that the equations of motion are either linear

or have been linearized, motion displacements can be expressed as
. = ajcos(mt-ej); j=1,...,6 ’ (2)
where aj are the amplitudes and Ej are the phase lags of the motion with
respect to the maximum wave elevation above the origin. The subscripts
J = 1...6, refer respectively to the translatory displacements of surge,
sway, and heave and the angular displacements of roll, pitch, and yaw.
Following from the above assumptions, the six linear coupled differential
equations of motion can be written in complex form as:

6 -jw t

. + B, v - w
E (ka + AJk)“k Jknk + Cjknk = F e e

;3 =1,...,6 (3)
k=1 J

where mjk are the components of the craft's generalized mass matrix, Aj

k
are the added-mass coefficients, Bjk and Cjk are the complex damping and




restoring coefficients and Fj are the complex amplitudes of the excitation

forces and moments. 3
For a huliborne hydrofoil craft as well as for a conventional dis-

placement hull the six coupled equations of motions can be separated into

two sets of equations. With the exclusion of hydrostatic restoring co-

efficients that are equal to zero for bcth the hull and foil system, the

first set of three coupled equations of motion in surge, heave, and pitch

is
Surge  (Ayy + mhiy * Byyny * Apgng + Bygig + Ajgng + Byhg

= e et (4)

T S

Heave  Agpny + Byqny + (Agg + ming + Bagng + Cygng + Ageng

g . 2 :
-1\ * Bgig *+ Cagng = Fae™ ! () |
¢ | |
A Pitch  Agpny + Byyny + Aggng + Bggfia + Cogng + (Agg + Tg)ng :

+ Bygis * Cgn = Fe e (6) g

and the second set of equations is

Sway Ay + miny + Boony * (Ayy = MZging + Bogng + Copny

- . _ -jw_t
* Rogng * Bogng t Cogng = Fpe e (7)

RoTT  (Agp = mZginy *+ Byony + (Agy + Tydng + (Byy + Bjylny

’ . _ ~iw_ t
*eaqng * (Agg = Tggng * Bagng * Cagng = Fpe e (8)




6212 * Bganp + (Agq = Ipgdng + Being + Coany
' . _ _1'0) t
+ (Rgg + Igng *+ Bggng + Cegng = Fge e (9)

Yaw A

where m is the vessel's mass, Zg is the location of the vertical center
of gravity on the z axis, Ij is the moment of inertia in the jth mode,
and Ijk is the product of inertia.

Considering the hull alone, as in the hydrofoil retracted mode, 824
in the roll equation is the nonlinear viscous damping of the hull. It is
in the form of a quasi-linear function in terms of , viscosity, hull
geometry, and the maximum roll amplitude for a given wave slope and
heading, at zero speed. The second set of equations in sway, roll, and
yaw may have to be solved a number of times until the difference between
the maximum estimated roll angle and the computed maximum roll angle is
within an acceptable tolerance. In the program the allowed tolerance is
one degree.

The derivation of the hull added mass, damping and hydrostatic re-
storina coefficients and the exciting forces and moments used in the
"DTNSRDC Ship-Motion and Sea-Load Computer Program" are presented as
three-dimensional problem of ship-sections oscillating in the free surface
which are determined by a close-fit source-distribution method presented
in Reference 6.

With the assumed insignificance of the hull and foil system inter-
action, the hull and foil system contriubition to the added mass, damping
and restoring coefficients and the forcing functions are simply additive.

For example, the added mass coefficients Ajk can be expressed as

A., = AH + AE

Jk ik T Tik (10)




where A?k are the hull added masses and Agk are the frequency independent
foil system added masses.
HYDROFOIL EQUATIONS OF MOTION

In the derivation of the hydrofoil equations of motion three coor-
dinate systems will be used. One system is the inertial reference frame
with axes Xg» Yoo and z, and unit vectors io’ jo, and ko’ respectively.
The second coordinate system is fixed with respect to the hullborne
hydrofoil craft such that the z = 0 plane lies in the still waterplane;
z axis passes through the craft's CG; the positive x axis passes through
the stern; and the positive y axis points to starboard. The unit vectors
in the x, y, z axes are i, j, k, respectively. The third coordinate
system, denoted by prime ('), is also fixed with respect to the body.
In this system z' = 0 is the equation for the foil element with the origin
(x =X,y =Y, z=12) at its midpoint, with the axes x and x' parallel to
each other. The primed system is thus translated with respect to the
unprimed system by X, Y, Z and rotated about the x' axis by the dihedral
angle I', as shown in Figure 3.
Hydrofoil Coefficients

The force on a rectangular foil element with chord c and span s at

zero forward speed is given by the expression
. . v 12 1
a(vN + wN) + bi(vN + WN) + bZVN (11a)
where a(vy + W) +

added mass coefficient

o
1]

o
fl

1 viscous damping coefficient

o
it

5 wave-making damping coefficient

normal velocity component on the foil element due to craft motion

<
n




S

w, = normal wave velocity component on the foil element

N
Upon linearizing the viscous damping term by the principle of equivalent
energy balance which equates the energy dissipated by a non linear damped
system to that of a linear damped system, equation (1la) becomes

. . 8
alvy + wN) t b1|vN + le(vN * W)+ byvy (11b)
In determining the normal velocity i and the normal acceleration
vy, one first notes that the velocity of the foil element with respect

to the inertial system in vector notation is

- - e = (12a)
Vo =V + (wxr)
= | T3k
T.]; naaxyz
With the unit normal on the element as
n=-jsinl +k cosT (13)

the normal velocity on the foil element in the body reference system

becomes

it

vy = (v. « n)n (14a)

-sinr(ﬁ2 + xﬁG - 764) + cosr(ﬁ3 + yﬁ4 + xﬁs) n (14b)

and the normal acceleration

Uy = -sinf{n, + xng - zng) + cosT(ng + yn, = Xng) N (15) i
For harmonic oscillations with a frequency of w, the normal velocity and

acceleration can also be expressed as
jwt iwt

VN = vy e and VN = Tuwvy e
where (" denotes complex amplitude. Likewise,
PN I .
nj Ty e B j=2,...,6




and ny = imﬁg elot
where i = /=1. It is implied that only the real part on the right-hand
sides is retained, for the real time domain representation.

To obtain the normal wave velocity Wy and acceleration WN’ with a
wave frequency of w, one first notes the complex orbital wave velocity

potential at a point X0 Yo 2, in the inertial reference system to be

¢ v _'iC% ek zo - 'i (yo S'inu + Xo COS].I) + iwt (16) i

where z is the amplitude, k is the wave number wz/g, and u is the heading
angle as defined and illustrated in Figure 2. The normal wave velocity

on the foil element at its mean position in the body reference system is

oo = (o - m)n
N - zw -Sinu sinT + i cosT explk z - i(y sinu
+ x cosu) + juthn (17)
and the acceleration
WN = 'IwwN (18)
The expressions for vy? VN’ Wy and WN can now be transformed into
the primed system where
Xx =X+ x' 1
y =Y+ y' cosr
z=1+y' sinr
(at 2' = Q)

With the neglect of chord-wise variations the normal velocities in the

primed system become

v& = (VN +y' ﬁh)ﬁ' (19a)

R ZEAL (1b)




w& = wNexp[iwt + ky'(sinl - | cosPsin u)] n (19¢)

wy - iwwh (19d)
where Vy = -sinl(n, + Xng = Zn,) +
cosI‘(ﬁ3 + Yﬁh - Xﬁs)

Vy = -sinT (i, + XA, - zh,) +
cosl"(n3 + Ynh - an)
wN = tw (-sin u sinT + i cosT)

"exp{k[Z - I (Y sin y + X cos )]}

Inertial Forces

The inertial forces on the foil element are now obtained by evaluating
the first term in (11b); using the accelerations VQ and w&, using
0.25npc2 for a, the added hydrodynamic mass for a plate of unit length
(Reference 7); and integrating over the span. The resulting translational

modes in surge, sway, and heave are

Surge Ay = 0 (21a)

Sway A, = 0, (p sinZF-DzsinrcosF) + Q,sinr (21b)

Heave A3 = 0 (D sinlcosl- D,cos P - Q,cosT (21¢)
where Ql = 0.25wpc25

Dl =npt xn6 - an
D2 = n3 +Ynl‘ - an
Q2 - -0.25wpc2;w2 [cosT + i sin u sinr) X

sinh[0.5ks(sinl ~ | sin y cosP)]
k{(sinT - 1 sin y cosT)

cexp {k[Z-1 (Ysinu + X cos )]

+ jwt}
10




The rotational modes in roll, pitch, and yaw can be expressed as follows

4 Roll A, = Azz - A3Y + Aa (21d)
Pltch A5 = A3X + Aé (21e)
Yaw A6 = A2X + Aé (21F)

where the last terms are the hydrodynamic moments about the applicable

axis passing through the element's midpoint. They are
2
S .
! - —
Ay = Q 37 iy
c2
Aé = Q 37 €08
2
Aé = Q] g_z Sin
Viscous Damping Forces

2 _.
Fns

2 .
Fn6

The linearized viscous damping term in (11b) with b, evaluated for a

foil element of unit Tength is

4 .
37 pCDc |vN + wNI(vN + wN) \\

CD is the drag coefficient for a plate with an angle of attack, a, to the

(22)

direction of motion. From Reference 8
0.0467q o < 40°

%= 17 o > ho°

e s 0
The angle of attack o' is given for 0° < I <180" as

pitch and heave a® = |90°-T| |
]
sway and yaw a” = T ‘
roll a® = |arctan( - ;J - 1|
surge a” = 0 i
wherefrom |
o =a' 0° < o' < 90°
o = 180° - o 90° < a' < 180°

With
- - Af' A' lwt (23)
vt (vN + wN) e

11




The complex amplitude can be determined as

vN +wN VN + 1 wnl.y

+ QN explky'(sinT - | cosT'sinu)] (24)

where R . .
VN = | wlsinr (n2 + xn6 - ano)

+ cosI‘(ﬁ3 + Yﬁh - xﬁs)]
The absolute value thereof is
1/2
v+l T+ ) (v + ) #] (25)
where * denotes the complex conjugate. Expanding (25) in a Taylor Series
(assuming it is analytic in y') about the axis y' = 0 and retaining only

the first order terms result in

Y w = ") = t 6
]v& + wﬁl fly') = H + Hy (26)
where W= [{ 0% + 2R (0.0 %) + W @ #1172
1 N'N NN NN

= _I_ v H 2 " H - *
H, H] R{(QN + WN) [i w ny, + ka(smI’ i cosTsinu)]*}

with R referring to the real part of a complex quantity. The viscous
forces can now be determined by substituting (26) and (22) and integrating

over the span, that is

%D Cpc / fy') (vr" + w"q) dy! (27)
In terms of the degrees of freedom, the forces are
Surge B, =0 (28a)
Sway B2 = % oCDc sin T P] (28b)
Heave B3 = % pCDc cos I‘P] (28¢)
Roll Bk = 31" pCDc P2 (284)
Pitch 85 = 3"—" pCDc X cos I‘P] (28e)
Yaw Bg = % pCpe X sin I‘Pl (28¢)

12




where P1 and P2 are the following integrals 3

| . Py = Fy') (v +wl) dy’ (23) ;

fot
%

= [f(y') (vﬁ + w"‘) (Z sinl + Y cosT + y')dy'
lwt

]
= V\Qo t 1y Yy * W

%1

= (ZsInl + YcosT)P, + V\Qy) + nQp, + Wye
The subscripted Q's are evaluated as follows:

Qlo = ff(Y')dY' = HIS

. H253 ;

- - Neldy = ]

i. Q= Sfly')y'dy = 35 i

P 2 H]s3 3

= i ] - §

‘ Qp = SFlyNy'"dy! = 45 J

‘. N

“ 1 3
Qg = FFly)e™ dy" i

s Hy  Hy Gs, . M2S G ‘

. = Z(T' '—2) sinh(T) +TCOSh(TS

s 1Yy 1e8Y ' gy

14 Q, = Sfly')y'e™ dy' ,

. bH, 2H,  Hys 2H

! 25 ) ioh S 4 S (H - 2y Coon(ES
((;3 + 2 + 55 sunh(z) + (H] 5 ) cosh(z)

and G = k(sinr - sinu cosr)

, . Wave-making Damping

- A foil element intersecting or near the free surface will generate
waves when oscillated laterally. Although this resitance is of lesser
i jmportance it should nonetheless be included for the zero speed case.
The wave-making damping for a vertical foil element oscillating in sway

! is
(31)

T 2
7 pul,es n,

where Cw is a function of wzs/g (Reference 5). A plot of Cw obtained by

| the Frank close fit method is given in Figure 4. From (34) the following

damping forces have been obtained for an element with a dihedral angle of

r




-

Surge C, =0 (32a)

Sway C, = %-pmcwcszslnr ﬁz (32b)
Heave €, = %-pmcwcszcosr ﬁ3 (32¢)
Roll C, = %—pwcwcszlz sinl' + Y cosT) hh (324)
Pitch C. = g-pwcwcs2 X cosrﬁ5 (32e)
Yaw Ce = g-pwcwcsz X sinr‘r'\6 (32f)

The hydrofoil related forces and moments developed and given in
equation (21), (28). and (32) as Aj’ Bj’ Cj for the six degrees of freedom

j=1, ..., 6 are now multiplied by a correction factor for finite spans.

AR
AR+3

where AR is the foil element's aspect ratio s/c. The contributions of all

This factor is

the individual foil elements of the complete hydrofoil system are then
summed and the resulting total of Aj, Bj, and Cj separable into the motion
and wave excitation terms, are added to the corresponding hull related
terms in Equations 4 through 9 with the assumption that additional hull-
foil interaction terms are negligible.

Further simplification was reguired to make the program more tract-
able by neglecting some foil system attributable cross coupling terms;
justified on the basis that their contributions were insignificant as
evident from computed and experimental results. Also simplified was the
quadratic damping force by treating N and Wy independently whereby
equation (22) becomes

2 4
37 P CDCIVNIVN and 7 o CDcin{wN

14
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COMPUTER PROGRAM

Based on the foregoing mathematical model, the program, as presented
in Reference 2, was expanded to include the hullborne hydrofoil motions
in regular waves at zero speed as well as forward speed at an arbitrary
heading. The basic program was the existing DTNSRDC Ship-Motion Computer
Program. In itself the basic program can determine the hydrofoil craft's

motions in the foil up mode in 6DOF in regular unidirectional waves of any

; heading. The modification consists of adding the foil system's coefficients
2 of motion and its excitation forces and moments to the corresponding terms

- for the hull. As a consequence, three card sets listed below and pertaining
1 to the foil system of the hullborne hydrofoil craft are added onto the

;. existing 34 data card sets.

¢ A. Input Description

Data Card Set 35 -~ one card with format (314)
IFOIL: 2 for hydrofoil craft in the foils down mode. Al1 other

integer values are for retracted foil systems where only
the hull is subjected to hydrodynamic forces.

NZERO: ~umber of zero speed cases for the hullborne hydrofoil in
the foils down mode

IPRINT: option of printing the matrix equations of motion. With :

. IPRINT

0 printing of matrices 1is suppressed and for

IPRINT = 1 printing of matrices takes place.

15




Data Card

NF:

FvoL:

FXCB:

FZCB:

Data Card

F10.7, F5
CPL:

The remai
thereof o

in the ce

Set 36 - One card with format (I5, 3F12.2)

total number of foil elements on the starboard side of the
hydrofoil craft. This total consists of the elements in symmetry
about the xz-plane plus the elements lying in the xz-plane.

is the displaced volume of the entire foil system {including
the portions of the struts that are immersed). The unit 1s
WORD**3, (see Data Card Set 4 of Reference 1)

the foil system's longitudinal center of buoyancy, LCB, with
respect to the entire craft's LCB, i.e. the x value in the body
coordinate system in units of WORD.

the foil system's vertical center of buoyancy, VCB, i.e. the z

value in the body coordinate system in units of WORD.

Set 37 - one card per foil element with format (F3.0, 5F7.2, F5.0,

.0, F5.0)
If the plane foil element lies in the cenier piane, i.e the xz-plane,

CPL = 1 and in all other cases
CPL = 2 where symmetry of the elements about the center plane
is assumed.

ning parameters in this set pertain to the foil element or portion
n the starboard side of the centerplane or for the element lying
nterplane.
SPAN: the length of the rectangular foil element taken in a line
parallel to the yz-plane in units of WORD.
CHORD: the width of the rectangular foil element taken in a line
parallel to the xz-plane in units of WORD.

X: x coordinate of the foil element's midpoint in units of WORD

16




DGAMMA :

CLZ:

ASP:

STRUT:

Data Card Set

y coordinate of the foil element's midpoint in units of WORD
z coordinate of the foil element's midpoint in units of WORD

is the dihedral angle, i.e. the angle between the foil element
and the y-axis. If the foil lies in the centerplane DGAMMA = 90.
The range of DGAMMA is between 0 and 180 degrees.

is the vertical 1ift siope of the foil element in dimensionless
units (not used in zero speed case)

is a positive number utilized in the aspect ratio correction
factor AR/(AR + ASP) for foil elements of finite span. For

the example cited ASP = 3.

0. for a non-surface piercing foil element. A1l other values
are for surface piercing foils. This control variable for

the wave-generated damping is used in the zero speed case

only.

38 - NZERO cards, one for each hullborne hydrofoil zero speed

case foils down mode. The format is (2F8.2, 2F8.4)

AMPMOT(2):
AMPMOT(3):
AMPMOT(5) :
AMPMOT(6) :

Estimated maximum sway amplitude in units of WORD
Estimated maximum heave amplitude in units of WORD
Estimated maximum pitch amplitude in radians

Estimated maximum yaw amplitude in radians

The program for the zero speed case uses a "trial and error" procedure

for solving the quasi-linear set of equations in sway, roll, and yaw. Keeping

the waveslope

constant, the initial maximum sway, roll, and yaw amplitudes

are used in computing the corresponding motion responses. The program then

compares the maximum computed amplitudes with the estimated values and if

the differences in sway or yaw is greater than 8 percent or the difference

17
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in roll is greater than 1 degree new estimates are determined where needed

and used in the repeated computation for motion responses. These iterations
take place until the computed and estimated maximum amplitudes in sway,

roll, and yaw fall within the acceptable limits. If the proper closure
still does not occur for the fifth iteration, the program prints the results
for the last iteration which includes a table of the estimated and computed
values and the differences and a note as to the response where the proper

closure failed. Although it is advisable to have good estimates in maxi-

mum pitch and heave amplitudes, errors in these are not as critical. As a

consequence the program does not determine new estimates for pitch and heave. Z ;
The program's output is essentially the same as for the original DTNSRDC

Ship-Motion Computer Program (Ref.1). In addition, a listing of the foil

related input cards, Data Card Sets 35 through 38, are given as well as the

foil related non-dimensionalized coefficients and forcing functions and a

modified Tisting of the estimated and computed maximum response amplitudes

to include sway and yaw as well as roll. As an option the matrix equations

for the hull alone, for the hydrofoil system, for the combined hull and foil

system, and the <olved simultaneous differential equations with the inverted

matrix can be printed.
In addition to the original subroutines of the DTNSRDC Ship-Motion are

the subroutines FOIL, THEO, and EXCIT for the hullborne hydrofoil, foils

down mode, at speeds greater than zero and the subroutine ZERQ for the zero

speed case. Appendix A presents the update cards needed for the original

DTNSRDC Ship-Motion Computer Program and Appendix B presents the subroutines

ZERO, FOIL, THEO, and EXCIT. The latter two subroutines require a subprogram

for computing Bessel functions. The entire program is on digital 7-track

magnetic tape which can be used on the CDC 6000 computer system.

18




COMPARISON OF PREDICTED AND EXPERIMENTAL RESULTS

The first experimental results chosen for comparison with predicted
rosults were the hullborne motion measurements of the 313-ton Plainview
AG(EH)-1 hydrofoil craft. The experiments were conducted by R.M. Vuolo on
a 1:12 scale model in DTNSRDC's Harold E. Saunders Seakeenina and Maneuverina
Facility. The model was run in both the foils un and foils down modes in
unidirectional regular waves. The full scale speeds were 6 and 12 knots at
the three headings of head (1800), bow (150°), and beam waves (900). The
regular waves were of constant wave steenness 1/60, and wave lengths ranged
from L/» = 0.33 to L/x = 4.0, corresponding to wave frequencies of w = 1.57
to 1.98 rad/sec.

The Hullborne Hydrofoil Six-Dearee-of-Freedom Motion Program was like-
wise run in both the foils up and foils down modes at the three headings of
180°, 150° and 90°. The predicted motions at craft speeds of 6 and 12 knots
are presented and compared with the experimental results in an earlier
report, Reference 2. At zero speed the predicted motions at the three
headinas generally aoreed well with the experimental results as oivne in
Figures 5a, 5b, and 5c¢c which show the craft's transfer functions in heave,
roll, and pitch versus wave frequency together with the phase laa with
respect to the maximum height of the wave ut the CG, The effect of the
immersed hydrofoil svstem on nitch and heave is insignificant at all three
headings both theoretically and experimentallv. Roll is the only dearee
of freedom notably affected by the immersion of the hydrofoil system as
seen in the 99 and 150 degree headings, Fiaures 5b and 5¢. Some of the
minor discrepancies between the predicted and experimenal results,

especially in roll, are attributable most likely to inaccurate roll

19




gyradii estimates since the model's roll gyradii for the foil up and the
foil down modes were not ayailable. A less significant source of error
may also be inaccuracies in the foil system's displacement and center of
buoyancy estimates.

The second set of experimental results used for comparison with the
predicted motions of the Hullborne Hydrofoil 6DOF Motion Prediction Pro-
gram was a 1:20 scale model of the 220 L-TON PHM hydrofoil craft. The
mdoel was tested at the Davidson Laboratory in simulated beam Sea States
3 and 5 in the foils submerged, hullborne model at zero speed, Reference
8. Shown in Figure 6 are the measured roll respbonses in model scale

together witn predicted roll responses which agree satisfactorily,

20
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CONCLUDING REMARKS

The motions predicted for the AG(EH)-1 hydrofoil craft at zero speed
in the hullborne model with retracted and submerged hydrofoils are in
satisfactory agreement with the available expeirmental data for reqular
waves at 90, 150 and 180 degrees headinqas. The DTNSRDC Hullborne Hydro-
foil 6DOF Motion Prediction Computer Program also nredicted satisfactorily
the roll response at zero speed of the PHM hydrofoil craft in beam Sea
States 3 and 5 as compared to experimental results.

Additional comparisons directed toward verifications of the DTNSRDC
Hullborne Hydrofoil 6DOF Motion Prediction Computer Proaram should be
made as more experimental results become available. Althouch the proaram
can be used at present to predict craft motions at zero and forward sneeds,
no verification has been made of craft responses at wave headings less

than 90 degrees due to a lack of experimental data.
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ns = PITCH
Ng = YAW

Figure 1 - Sign Convention of Body Coordinate System
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Figure 3 - Primed Coordinate System and Dihedral Angle, T,
in xyz Body Coordinate System
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APPENDIX A

LIST OF UPDATE CARDS FOR DTNSRDC
3 6D0F SHIP-MOTION PREDICTION COMPUTER PROGRAM

F The update cards listed below are required to modify the existing
DTNSRDC 6DOF.Ship-Motion and Sea-Load Computer Program to the Hullborne
Hydrofoil 6DOF Motion Prediction Computer Program. This modification

allows the use of the hydrofoil related subroutines presented in Appendix B.

¥
&
k- *10 FMOD
- * INSERT LK0.25
& COMMON /PFOIL/ DUMS(165) _
% COMMON /GFOIL/ DUMB(36) -
¢ * INSERT PR1.22 3
COMMON /PFOIL/ RHO, IFOIL,NZERO,IPRINT4NF,Q(10,10) y AMPHOT(6410) 3
. *D PR1.255 !
IF (IDAMP-2) 9090,9055,3080 ;
: * INSERT P21,280 ;
g 905 FORMAT( 15,3F12.2) :
- , 906 FORMAT(12X,15,3F12.2) i
e+ 307 FORMAT( 15,3F12.2)
: 970 FORMAT( F3e0,5F742,F5.0,F10.74F5.1,F5.0)

971 FORMAT(12X,F3e0:+5F7e2955.04F10e79F5.1,F5.0)
980 FORMAT(//13H CARD SET 36)
990 FORMAT(//13H CARD SET 37)
7001 FORMAT(21I4)
’ 7002 FORMAT(//22H FOIL OATA CARD INPUT)
7003 FORMAT(//32H1 HYDROFOIL VESSEL WITH FOILS UP/)
7004 FORMAT(//34H1 HYDROFOIL VESSEL NITH FDILS DOWN/)
2212 FORMAT (/21Xe1H1,9X, 1H2s9X,1H3'9X,1HQ,9X.1H5'9K.1H6.9X.1H7.9X,1H8/
24Xy BHCOLUMNS +8(10H1234567890))
2213 FORMATI( /14X 42HNF 49X, bHFVOL,8X,4HFXCRB,8X,4H"2C8/)
§ 2214 FORMAT (/12Xe3JHCPLy3XyUHSPAN,2Xy SHCHOROD y IXs bHXIS) y Xy LHY 36X 3 1HZ,2X

PAFRS
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Cmwe=-

Cem—

Cemmm

9515
®INSE

52

24 6HOGAMMA, 3X, 3HCLZ,5X 33HASP/)

DATA CARD SET 35

HYDROFOIL VESSEL WITH FJILS UP - IFOIL=t
HYDROFOIL VESSEL WITH FJILS DOWN - IFOIL=2
PRINTOUT OF MATRIX EQUATIONS (NO = 0 , YES =

READ(S,7001) IFOIL,IPRINT

IF(IFOIL .NE. 2) TFOIL=%

WRITEl1,7001) IFOIL

IF(IFOIL-1) 9091,9091,9092

HRITE(6,7003)

GO 70 .515

WRITE(6,7004)

WRITE(6,7002)

HRITE(6,2212)

DATA CARD SET 36

NUMBER OF INPUT FOIL ELEMENTS, OISPLACER VOLUME (NORD**3),
LONGITUDINAL CENTER OF 30YANCY FROM F.P. AND VERTICAL CENTER OF
BOYANCY FROM WATERLINE (WORD) OF THE ENTIRE HYDROIFOIL SYSTEM

READ(5,905) NF,FVOL,FXCB,.FZCB

WRITE(6,980) °

WRITE(5,2213)

WRITE(6,906) NF,FVOL,FXCB,FZ2CB
WRITE(L1,907) NF,FVOL,FXCS,F2CB
WRITE (6,9390)

HRITE(5,2214)

DO 100 I=1,NF

- - - W L WD S R R Wb R N D R U D w W e e = AR S W S e -

DATA CARD SET 37

FOIL ELEMENT IN VERTICAL CENTER PLANE (CPL=1. FOR YES, CPL=2. FOR
NO) , HYDROFOIL ELEMENT SPAN (FT), CHORO (FT), SO0ORDINATES X,Y,Z
OF MIOPOINT (FT), DIHEDRAL ANGLE OF V-FOIL (DEG), VERTICAL LIFT
SLOPE (WORD2/WORD), ASP IN THE FACTOR AR/ {AR+ASP) FOR FINITE
SPAN

REAN(5,970) (QIN,I),N=1,10)
WRITE(6,971) (Q(N,I),N=1,10)
WRITE(1,970) (Q(N,I),N=1,10)
CONTINUE

WRITE(6,2212)

CONTINUE
RT PR1.418

IF(IFOIL-1) 51,51,52
FXCB=FXCB/EL

FZCA=FZCB/ELL

FVOL=FVOL/EL3

HVOL=TVOL

TVOL=HVOL+FVOL




TPST={TPST*HVOL+FXCB*FVOL)Y/TVOL
CBV=(CBV*HVOL+F ZCB*FVOL)/ TVOL
S1 CONTINUE
RHO=THAS/ (TVOL*EL3)
*I SPS.21
COMMON /PFOIL/ RHO,IFOIL,NZERO,IPRINT,NF,Q(10,10) s AMPMOT(6410)
COMMON /QFOIL/ GA(6,y6)
*D SPS.4L1
DIMENSION GMU(6,6),TODF(H5+6)s TEVF(6,6),B0DF(6) 4BEVFI6),4T(32,62)
DTMENSION TODA(6,6) 3 TEVA(646) ,BI0AL6) ,BEVA(B),TODB(6,6) 4TEVBL6,6),
- 2BODB(6) ,BEVBU(E) 4 TOOC(6,6) s TEVC(556)4320C(6) +BEVC(6)
*I SPS.u2
BACKSPACE ¢

2198 FORMAT(118HINON-DIMENSIONAL ADDED MASS,DA42ING,AND RESTORING COEFF
2ICIENTYS AND EXCITING FORGCES AND MOMENTS OF TnE STHUTZ AND FOILS)

2199 FORMAT(LIXs12A64 15X, 3H***// /17Xy GHHEADING =455,0.4H DEG 47X, 12HSHIP
2 SPEED =,Fb6.2y6H KNOTS/18X,16H(HEAD SZAS =180),9X, 1SHFROUDE NUMBER
I =4F7by277)

2200 FORMAT(/58H NON-DIMENSIONALIZED AODDED MASS COEFFICIENTS OF THE FOI
1LS-)

2201 FORMAT(3IX.O6HHE(ND)ySXsb6HA (L1 91) y6Xo6HA(2,2) 96X 35HA(I43)46X,6HA(L,4)
1B HHALS35) oBXgBHATB 35) y6X46HAI3,5) 4 5X4HbHAIZ2,51 4OXebHA(2,4)4,6X,56H
22 (L, 6))

2202 FORMAT(3X,F6.3,1P10E12.04)

2203 FORIMAT(9X,1P10EL12.4) ]

2204 FORMAT(/S55H NON-OIMENSIONALIZED DAMPING COIFFICTENTS OF THE FOILS-
1)

2205 FORMAT(3IX,6HWE (ND)s5X,6HB(1,1)+6X,6HB(2,2),6X,5HB(3,3),6X,6HB(4,4)
146X,5HB(545) 45%X36HI16H,6) 46X ,6HBI3,5)45X,6H3(2,35)46X,6HB(2,4),6X,6H
28 (4,6))

2206 FORMAT(/S7H NON-DIMENSIONALIZED RESTORING COEF-ICIENTS OF THE FOIL
15-)

2207 FORMATUI3IX,BHHEIND) ySX4bHC (141)46X36HE(2,42)4bXe3HC{393)96Xy6HC(hy4)
126Xs6HC(545) 46X 4H6HC (B 5) yBX46HCI395) 16X 96HS(295)96X9BHC(294) 46X 46H
2C1L,46))

2208 FORMAT(/,* NON-DIMENSTIINALIZED FORCE AND MIMENT FUNCTYIONS OF THE F
10ILS~¥)

2209 FORMAT{3Xy6HWE (ND)o4X35HSURGE g 8X o 4HSNAY 37X SHHEAVE 5 8Xy 4WHROLL7X 4 SH
2PITCH,9X,3HYAW)

2210 FORMAT(3IX,FH64341PBEL2.4)

2211 FORMAT(9X,1P6EL2.4)

8001 FORMAT(///51H TO0O*X=BOD OEFORE INSERITION OF AYDROFOIL ELEMENTS/)

8011 FORMAT(///51H TEV*X=8zV BEFORE INSERTION OF HYOROFOIL ELEMENTS/)

8003 FORMAT(///50H TYOO*X=80D AFTER INSERTION JF HYDROFOIL ELEMENTS/)

8013 FORMAT(///50H TEV*X=BZIVv AFTER INSZRTIOH OF HYDROFOIL ELEMENTSZ)

8002 FORMAT(///* MATRICIES TODF AND BODF*/)

8012 FORMAT(//7/* MATRICIES TEVF AND BEVT®/)

8021 FORMAT(O9X,1PBE12.347X41HX4I247H REAL,8X,1P1E12. 3}

8022 FORMAT(IX,1P5EL124397X41HX41247H IMAG,8X,1P1EL12.3)

8004 FORMAT(///14H X=INVYOQD*80D/)

8014 FORMAT(///714H X=INVTEV*BEV/)

8023 FORMATIOX,1P1£12.3,12X,1P6E12.3,12X,1P1E12.3)

*D SPS5.225
IF(IBILGE~1) 3003,3003,300%
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*D SPS.266 ' ’
IF(IEND-1) 3001,3001,3002 !

*1 SPS.306

c 3 L » » » L 3 L » [ g L L L J

c FOR A HULLBORNE HYDROFOIL (IFOIL=2), SUBROUTINE ~FOIL- CALCULATES

c THE MOTION COEFFICIENTS AND THE EXCITATION FORCES AND MOMENTS QUE

c TO THE FOTLS. RETURNED ARE THE TERMS FOR THE TOD, BOO, TEV, AND

t BEV MATRICIES i

c

IF(IFOIL-1) 7200,7200,7100
7100 WAMPL2=WAVAMP(LL) ’
HDGZ=HOG1 (MM)
7104 CALL FOIL(TODF,TEVF,BODF ,BEVF+VKNOTSy HAMPL2 4HDG24GXIyELLyRHO4NF,Qy
2TMAS, ToLLy HVLNTH)
7106 DO 7118 JA=1,5
: DO 7112 JB=1,6 ;
TODA(JA,JBY=TOD (JA,J8) ;
TEVAIJA,JBI=TEV(JA,JB) -
TOD(JA,JB)=TOD(JA,JS) +TODF(JA,JB}
TEV(JA,JUBY=TEV(JA,JS) ¢TEVF{JAsJB) ;
TODS(JA,JB)Y=TOD(JA,JB) !
< TEVS{JA,JB)=TEV(JA,JB) !
E 7112 CONTINUE
7110 CONTINUE
7200 CONTINUE

t . . . » » » [ 3 » 4 » » [
e *1I SPS.413
c » » » » » » . ] L ] » »

IF(IFOIL-1) 7600,7600,7500
7500 D0 7510 JA=1,6
BOOA(JAI=BOD(JA,1)
BEVA(JA)=BEV(JA,1)
L BOD(JA,1)=30D{JA,1) +BODF (JA) ?
2 BEV(JA,1)=8EVIJA, 1) +BEVF (JA)
< BODB(JAI=BOD(JA,1)
: BEVB(JAY=BEVIJA,1)
7510 CONTINUE
7600 CONTINUE
by c ] L 3
i - *0D SPS.435
] DO 8201 IQ=1,6
BOOC(IQ)=BOD(IQ,1)
DO 8202 JQ=1,6
8202 TODC(IQ,JQI=TOD(IQ,JQ)
8201 CONTINUE
IF(ID-1) 501,501,502
*D SPS.4L37
DO 8203 IQ=1,56
BEVC(IQ)=BEV(IQ,1)
DO 8204 JQA=1.6
8204 TEVC(IQ,JQAI=TEV(IQ,JQ)
8203 CONTINUE , )
IF(1ID-1) S03,503,502

L L4 ] 4 4 » » L » »




*D SPS.u461

IF(IPRES-1) 5202,5202,5203

*D SPS5.490

IFtJS-1) 6222,6222,6223

*D SP5.531

1505
2402

5614

2300

2301

2302

2303

8000

8101

8102

8103

8104

IFCIFOIL-1) 2401,2401,2402

HWRITE16,2198)

00 5614 JH=1,2

IFtJH LEQ. 1) H=1

IFtH ,fQe 5 oAND. PRNTOP .EQ. MIN) GO TO 55614
WRITE(Hy2199) TITO,HDIG1,VKNOTS,FN(JJ)

CONTINUE

WRITE(6,2200)

WRITE(6,2201)

DO 2300 Lx=1,NOK

LWEINC=NOK~-LX#1

WRITE(H,2202) ZNCLWEINC)  (TILHEINC 4 KX) 4KX=1,10)
HRITE(6,2204)

WRITE(642205)

DO 2301 LX=1,NOK

LWEING=NOK-LX+1

WRITE{6,42202) INC(LUEINC) s (T(LHEINC,KX) 4KX=11,420)
HRITE(6,2203) (T(LHEINC,KX) yKX=21,30)
WRITE(6,2205)

HWRITE(6,2207)°

DO 2302 LX=1,NOK

LWETINC=NOK~-LX#1

WRITE(6,2202) IN(LHEINC)  {TILHEINCyKX) 3KX=31+%0)
HRITE(642203) (TILNEINC,KX) KX=41,50)
HRITE(642208)
HRITE(6,2209)
D0 2303 LX=1,NOK
LWEINC=NOK-LX+}
WRITE(6,2210) IN(LHWETINC) y {TILHEINC3KX) ,KX=51956)
HRITE(6+2211) (T(LAEINC ,KX) ,KX=57,52)

IF(IPRINT) 2401,2401,8000

WRITE(6,8001)

00 8101 IQ=1,3

Jo=1Q+I0-1

HRITE(6,8021) (TODA(IQ,KQ),KQ=1,5),JQ+sBODACIQ)

D0 8102 IQ=Y4456

JQ=I1Q+IQ-7

HWRITE(H,8022) (TODA(IQ,KQ),KQ=1,6),JQ,BO0DA(IQ)
HRITE(6,8002)

DO 8103 IQ=1,3

JQ=1Q+I10-1

WRITE(6,8021) (TODF(IQ,KQ),KQ=1,6),JQsB00F(IQ}

DO 8104 IQ=4,6

JQ=1Q+¢1Q-7

WRITE(6,8022) (TODF(IQ,KQ),XQ=146),JQ2yBODF(IQ?
HRITE(6,8003)

DO A105 IQ=1+3

Ja=1Q+10-1
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8105

8106

8107

8108

8109

8110

8111

8112

8113

8114

2401
*ID0 M
*D FM
D FM
*0 FM
*D FM
*0D FM

*10 2
*0 FM
970
971
972
973
*D FM
7001
*D FM

2215

*0D FM
c

HRITE(6,8021) (TODB(IQ,KQ),KQA=1,6),JQ,B8008(1Q)
00 8106 IOQ=&L,H6

JQ=1Q+I1Q-7

WRITE(6,8022) (TODB(IQ,KQ),KQ=1,6),JQ,B008(IQ)
WRITE(6,800%)

DO 8107 IQ=1,6

WRITE(6,8023) BODC(IQ), (TODC(IQ,KQ),KQ=1,6),B0I83(IQ)
WRITE(6,8011)

DO 8108 1Q=1,3

JO=IQ+IQ

WRITE(6,8021) (TEVA(IQ,KQ),KQA=1,6),JQ,BEVA(IQ)
D0 8109 IQ=4.H6

JA=IQ+IQ-6

HRITE(6,8022) (TEVA(IQ,KQ),KQA=1,6),JQ,BEVA(IQ)
WRITE(65,8012)

DO 8110 IQ=1,3

Ja=1Q+1Q

WRITE(5,8021) (TEVF(IQ,KQ),XKQ=1,6),JQ,BEVF(IQ)
DO 8111 IQ=U,6

Ja=IQ+IQ-6

HRITE(6,8022) (TEVF(IQ,KQ),KQA=1,46),JQsBEVF(IQ}
WRITE(6,8013)

DO 8112 IQ=1,3

JQ=IQ+IQ

WRITE(6,8021) (TEVB(IQ,KQ),XQA=1,56) 3JQ,BEVBLINQ)
DO 8113 IQ=L,H6

JQA=IN+I1Q-6

HRITE(6,8022) (TEVBIIQ,KQ)+KQ=1,6),JQ,BEVBI(IQ)
WRITE(6,8014)

DO A1ih IQ=1,6

WRITE(6,8023) BEVC(IQ),(TEVC(IQyKQ)»KQA=1,6),BEVBL(IQ)

IF (IWSTP .EQ. 1) CALL EXCFM

163

00.30

0D.%3

00.63

00.82

00.175,FM00.179 .
IF(PRNTOP .EQ. MIN) GO TO S6i4

WRITE(6,2199) TITO,HDIGL,VKNOTS,FN(JJ)

MOD

00.8,FM0D.9

FORMAT( F3.095F7423°5e09F10e73F5.14FS40)
FORMAT(12XsF30095F7e2,F5.03F10.7+F5.14F5.0)
FORMAT( 4F8.,2)

FORMAT(12X,4F8.2)

00.12

FORMAT(3I4)

0D.20 ’
296HDGAMMA ,3X e 3HCLZ,5X 4 3HASP 42X 33HNCH /)

FORMAT (/15X s 4 HSHAY X ySHHEAVE ¢ 3X g SHPITCHy X3 IHYAN 44X 20HESTIMATED
2AMPLITUDES/)
0D.24yFMOD.28
HYDROFOIL VESSEL WITH FOIL POSITION - UP=1, DOWN=2
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c NUMBER OF ZERO KNOT CONDITIONS
c PRINTOUT OF MATRIX EQUATIONS -~ NO=0, YES=t
READ{S5,7001) IFOIL,NZERO, IPRINT

D FMOD.59
c SPAN, HYDROFOIL PIERCING SURFACE - NO=0. YES=i,
*D FMOD.65
IFINZERO .EQ. 0) GO TO 108
HQITE(S,ZZlS'
(e ntrtatabaarbattetatatasted - - - — YR T - T T D P D W WS
c DATA CARD SET 38
(o - - > - - - - - - -~ e e > A D - S > D A - -
Cc ESTIMATYED MOTION ANPLITUUES FOR ZERO SPEED CONDITIONS GIVEN 3Y
c VARYING THE WAVE SLOPE FIRST FOLLOWED BY THE HEADING ANGLE. ORDER
c OF AMPLITUDES READ IN ARE SHWAY(2), HEAVE(3)y PITCH(S), YAHW(6)
c tDEG, HORD?}
c

00 1031 I=4{,NZERO

READ(5,972) AMPMOT(2,1), AMPMOT(3,1) 4 AMPMOT(S5,1),AMPMOT (6,1)

101 WRITE(6,973) AMPMOT(2, I).AMPMOT(3.I).AHPHOT(S,I);AHPHOT(G,I)
108 WRITE(6,2212)

*0 FMOD.B1
2300B(6) 4BEVB(61,TADC (6,61 ,TEVCL6+6),BIBCI6) ,BEVC(6) ANPLIB)
*1 SP5.59
NZ=0
*D SP5.129
IF(IFOIL-1) 401,401,400
400 IF(VKNOTS .EQ. 0.) NZ=NZ#1~ e T T T
401 DO 999 IWSTP=1,NWSTP
*0 FMOD.128 . _
c BEV MATRICIES. SUBROUTINE -ZERO- IS USED FOR THE ZERO SPEED CASE.
*T FMOD.132
IF(VKNOTS) 7200,7102,710%
7102 AMPMOT(Y4,NZ)=THM
DO 7103 JA=2,6
7103 AMPL(JA)=AMPMOT(JALNZ)

CALL ZERO(TOODF,YTEVF yBODF ¢ BEVF 4 GXIoELL yRHOWNF4Qs TMAS,T4LLyAMPL)
GO TO 7106
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APPENDIX B

LISTING OF SUBROUTINES ZERO, FOIL, THEO, and EXCIT

The following subroutines are used to calculate the motion coeffi-

cients and wave excitation forcing functions of the submerged hydrofoil

system of a hullborne hydrofoil craft. Subroutine ZERO is used for the

special case of zero craft speed. For speeds greater than zero but less

SO0 DD

than the critical "lift-off" speed, subroutines FOIL, THEO, and EXCIT

are used.

SUBRVUTINE ZEPOITQOF 4y TEVF ,BODF JREVF ,GXI,ELLyRHO,NF,Qy TMAS,T,NFREQ,
284MP A 4MPL wHOG ,NOK)
COMASN /OFOIL/ GA(&R,0),ESTU5,33,2),CAL(5,30,2),RATZ,RATS
DIMZINSION 0{1),1)),8MP(€E) ,CHPTS(11)
DIMENSTION G3U(6,h),6GCL5,6),5F(E),T(32,62),GAA(6,6)
OIMZNSION TODFU5,6),TEVFUIE5) 4PODF(5) ,BEVF{6)
coPLeX G68,G6C,6F,CyVCA,VOLCON
COMPLAX C14G2,A3,A0 4 ARGy HSIM, HCOS yAACCL )y HACCH,y WA CIyHVELL 4HVELN
OAYA(‘,H—'IS(N).N=1.11)/0.-’J.Clo1’]-11:3.31.0-60,0.90.1-13g1.2‘5y1.23
2'1-19|1007,
P1A33=-P1A35=P1A22=P1A24=P1A2E=PIALL=P2ALL=P1ALE=P1AS5=P1A€E6=0,
D0 230 I=1,6
GF(IY=(0440.)
D0 2J1 J=1,6
IF(NFPEQ .EN. 1) GA(I,LJ)=0.
GO(IeN)=(0.,0.)

261 GCtIeJ)=(Jeyde)
213 CONTIMUS

MULTIPLIZATION FACTORS FOR NON-OIM. ARE

ACCEL FORCES (1./M455)
VEL. FORGES (1.,/7MA4SS) *SQARTILPP/GRAV)
OISPL. FORCES (1,/MASS) *(LPP/GRAV)
SU3SCRIPTS  11,13,31,33,22
INZRTIA MOMENTS (1./7MASSY/LPP*s2
ANGULAR VvEL., MOMINTS (1.,/435S)*SART(LPP/GRAVY/LPP*®2

ANGULAR DISPL. MOMENTS (1./MASSI*(LPP/GRAV)/LPP®**2
SUSSCRIPTS 55,44446,64,606

41

e e e




i A

CROSS INERTIA (1./MASS) /LPP
CROSS VEL, (1 ./MASS) *SQRTILPP/GRAVI/LPP
CROSS DISPL. (31./MASS)*{LPP/GRAV)/LPP

SUBSCRIPTS 15135951,53,24,26,42,62

EXCIT. FORCES/HAVE AMPL. LPP/(MASS*GRAV®WAMPL)
SUBSCRIPTS 14,2,3

EXCIT,MOM./HAVE AMPL. 1 ./(MASS*GRAV*HANPL)
SUBSCRIPTS 4,5,6

OO O0OO0

GRAV=32.2
RMASS=1./TMAS
ZLOIVG=ELL/GRAV
ELLSQ=ELL*ELL
FA$1=RMASS
FA2=FAL1/ELLSQ
FAZ=FAL/7ELL
FB1=RMASS*SQPT(ZLDIVG)
F32=FB1/ELLSQ
FR3I=FRY/ELL

FD1=LL/Z (TMAS*GRAV*HAMPL)
FO2=FDL/ELL

C=CHPLX(3.,1,)

PI=3.14159

RADDZG6=57,.,29578

XM3=(181.~H0G) /RADOEG

SINMU=SIN (XNU)

C05MU=CIS (X1U)

A1=PI*R40

OMEGA=GXI*SART(GRAV/ELL)

OMZG2=0MEGA*OMEGA

RK=0OMZG4A*0OMIGA. HRAY

BW1=0.5"A1*0MEGA
c ----------------------- - - - - cmm e oe- - - > e
c SUMMATIONS FOP FOIL COZFFICLENTS ANO EXCITAVTION FQRCES 7/ MOMENTS
[ L L R L g - - - - S E - --- PR ] E Y T T R
c

DO 100 I=1,NF

CPL=Q(1,I)

SPAN=12(2, T}

CHORD=Q{( 3,1}

X=Q (4,1

Y=Q {5 [ I

2=0(5,1I)

0GAMMA=J (7, 1)

ASP=Q(9,1I)

STUT=Q(193,I)

MCPL=CPL

APEA=SPAN*CHOPRD

SPAN3=SPAN®*3

ASPRAT=SPAN/CHORO

ASPCOR=ASPRAT/(ASPRAT#ASP)
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c
c
c

(¢ X% N

L J

CPL=CPL*ASPCOR
GAMMA=DGAMMA/ST7,296
SING=SIN(GAMMA)
SINGSQ=SING*SING
COS5G=COS(GAMMA)
€C0SGSQ=C0SG*COSG
. . A ® (FOIL COEFFICIENTS) . A h

ADDEN MASS

IF{NFREQ .GT. 1) GO TO 3083
A2=),25*AREA*CHORD*CPL
PLA33I=P1A33I+(A2*COSGSQ)
P1A35=P1A35¢+(A2*X*COSGSQ)
PL1AS55=PL1ASS+(A2*COSGSO*(CHORD *CHORD/ 32. +X* X))
PLA22=P1LA22¢+(A2*SINGSQ)
P1A24=PLA2L+{(A2*Z*SINGSQI+(A2*Y*SING*COSG))
P1A26=P1A26+ [A2*X*SINGSQ)
PLALL=PLALL+ LA2* ((Z*SING+Y*COSGI**2))
P2A4%4=P2ALL+(ARZA*AREA*SPAN/LB,)*CPL
PLALH=PLALB+{ tAZ*Z*X*SINGSQ) + (A2* Y*X*SING*CO0SG) )
P1AS5=P1AS6+ (A2*SINGSQ*® (CHORD *CHORD/ 32, +X*X) )

DAMPING

3J8

39
32

17

BHAVE =SH=1.
IF(STUT .EQ. 0.) GO TO 38
SS=(Y+,5*SPAN*COSG) *COSG+ (Z+.5%SPAN*SING) *SING
P=OMZGA® OMEGA *SPAN/GRAY

L1=13.*?

IF(LL «5T. 3) GO TO 30

CH2=0.

GO0 10 36

IF(LL-10) 32,34,34

Pl=L1¢t

P1=pP1/13.

CH2=(10.* (P-P1)*(CHPTS(L1+42)}=CHPTSILL+1)))+CHPTS(LL+2)
GO TO 36

CH2=1.07/P

BWAVE =BW1 *CH2 *SPAN*AREA*SINGSQ¥CPL

CONTINUZ

ALF=ABS (9], -DGAMMA)

MCYCL=1

IFCALF-40,) 10,212,512

CO=.0467*ALF

G0 TO 14

C0=1.17

IF(MCYCL-2) 16,17,18

£0z=Cco

MCYCL =2

ALF =DGAMMA

IFCALF GT, 90.) ALF=183.-ALF

60 TO 22

cov=c0

MCYCL=3




S=-Y/2 .
ALF=ABS(57.296%ATAN{S)~DGAMMA)
G0 1o 22

18 COR0LL=3D

COM1=4, *RHO*CHORD®CPL/ (3. *PI)
Q1=Y*COSG+Z*S ING
VOA=C*OMEGA®(-SING*(AMP(2)+X® AMP(6) ~Z*AMP(4) ) +COSG* (AMPI3)+VSANP (&
2)-X*AMP(5)))
VOACON=-VOA
VOASQFR=SQRT(REAL(VOA®VOACIN))
; RELS=SPAN3*REALIC*OMEGA*AMP (%) *VOACON) / (12, *VOASQR)
! GB(3,3)=60(3,3)+COM1*CDZ*COSGSA*VOASOR*SPAN
GAI5,5)=6D15,5) +COM1*COZ*X*x* COSGSQ*VOAS QR*SPAN
b, IF(STRUT JNE. 0.) SH=AHAVE®SINGSQ
o GB(2,2)=6R12,2)+COML*COY*SINGSO*VOASQR*SPAN+SH
IF(STRUT (NE. 0.) SH=RWAVE*ABS(SING*01)
GP (%, 2)=63(4,2)-COM1*COY*SING * (VOASQR*SPAN*QL4RELS)
Gn(u,h)-GG(h,k)OCOHL‘CUPOLL'(01‘(V0ASOQ‘SPAN'Q1#RELS)#QELS‘QI#(SDA
2NZ*VOASAR/12.)) +SH
GO, ) =GO (1, &) ~COML*COY* X*STNG*{ 0L *V*1n SQR*SPAN +RELS)
IF(STRUT .NE. J.) SW=BWAVE®ABS(X)*SINGSQ
GB(6,E)=GR(6,6) +COML*COY*X*X*SINGSQA*VOASQR*SPAN+SH

Py

c * v * * (EXCIVATICN FIRCES) * . » . .
50 02=Y*SINMU+X*COSMY

C1=-0.25*PI*RHO* {CHOPD**2) *HAMPL*OMZG2*CMPLX (COSG, LSINMU®SING))
C2=CIXP(RK*CMPLX(Zy~Q2))
A3=C1eC2

: AL=RK *CMPLX{S ING, (~SINMU*CI5G))

- A2G=,5%SPAN®AL

- HSIN= ,5*(CEXP (ARG)-CEXP (~ARG) ) .

: HCOS=.5% (CEXP LARG) +CEXP (-ARG))

. WACCL=2,*CL*C2*HSIN/ AL

- WACCM=(43/04) *(SPAN*HCOS- (2, *HSIN/AL))

’ WA=HAMPL*GMZGA®*CMPLX ((-SINMU®SING),COSG) .

- ARG=WA*C2

- C3=4,*R40*CHORD*WA*C2*CSAPT (AFG*CONJGIARG)I /(3. *PI%AL)

HVELL=C3 ¥ (SPAN*REALCAL) *HCOS+2 ,® (1.~ (2EAL (A4)/AL)I®HSIN)

MVELM=03# (12.%01-124* (1. ¢PEAL (A4) *Q1) /24D +,5*SPAN*SPANSREAL(AG) ¢ (4

2.%PSALIAL)/ (AS*AL)) I ¥HSTNISPAN*LL . #2EAL (ALY *QL - (2, *REAL(AL)/AL) ) *H

3c0s)

GF (2) =GF (2) - (WACCL#WVELL*COY) *SING*ASPCOR

GFU3) =67 (3) + (WACCL#HVILL*CDZ) *COSG*ASPCOR :

GF () =6GF (L) » L {MACCL®N1+HACCH) »WELM*COROLL) *ASPCOR ]

GF (5)=GF (5) + (WACCL#WVELL*CO0Z) *¥x*COSG*ASPCOR

GF (5) =GF (5) - (MACCL+WVELL*CDY) *X*SING*ASPCOR

IFtHMCPL .EQ. 1) GO TO 109

-k




v=-Y 1
C0SG=-C0SG 3
MCPL=1
G0 IO 50

100 CONYINUE

c FOIL COSFFICIENTS (NON-DIM.)
Corececvvorncececnanceena=n cemreer e - e, ———— erneermcr -
IFUNFREQ .GT. 1) GO VO 319
GA(3,3)=FAL*(+A1%PLA33)
GA(3,5)=FA3*(-AL*P1A35)
GA(5,3)=6A(3,5)
GA(5,5) =FA2*(+A1*P1AS5)
GA(2,2)=FAL*(+A1*P1A22)

; GA2y4) =FA3*(-AL*PL1A24)

4 GA(2,5)=FA3*(+A1*PLA26) 3

i GAl4,2)=GA(2,4) 4

) GAfUL,y &) =FA2* (+A1% (PLALLIP2ALG)) g

GAl4,6) =FA2% (~AL*P1ALG)

x GAl6,y2)=GAl2,6)

» GAI6y4)=GAlY,6)

H GAlB,6) =FA2* (+AL*P1AB6)

310 GB(3,3)=FO1*GB(3,3)
GB8(5,5)=FB2%GB(5,5)
631(2,2)=FR1*GB(2,2)

GB 4y 2) SFB3*GBI4,2)
GB Uy t) =FB2%GB ly4)
GRIL,E)=FE2%G3(4,6)
GB(5,5)=FB24GB(6,6) .
00 400 K=1,6
: . TANFREQyK) =6A (K, K)
~ TUNFREQ,K+1 ) =REAL(GBIK,K))
T(NFREQ,K+23) =AIMAG (GB (K 4K))
TANFREQ,K+30) =REAL(GC (K, K )
. 433 T(NFREQ,K+47)=AIMAG(GC(K,K))
T (NFRZQ,71=GA(3,5)
T(NFREQ,8)Y=GA(2,6)
TINFREQ,9)I=GA(2,4)
TINFREQy18)=GA(l,6)
TUNFREQ,17)= PEALIGB(3,5))
T(NFREQ,27)=AT4AG(GI (3,5))
TINFREQ,18)= REAL(GB(2,6))
T(NFRZQ,2R)=AIMAGIGR(2,6))
TINFREQ,19)= QEALIGB(2,4))
TINFREQ,29)=ATMAGIGB(2,4))
TINFREQ,23)= REAL(GB(4,6))
T (NFREQ,31)=ATMAG(GB (4,6))
TINFRZQ,37)= REAL(GC(3,5))
TINFREQ,47)=ATMAGIGC (3,5))
TINFRZQ,38)= REALIGC (246))
TINFRZIQ,4R)=AIMAGIGC (2,6))
TINFREQ,39)= PEALIGC(2,4))
TINFREQ, 43 =ATHAGIGE (2,4))
: TINFRZQ,40)= REALIGC (446))
: T(NFREQ,5I)=AIMAGIGC (4,6))

.

g

SR OERS R e
.o,

FH T
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k.

(s XNy X1

203
202

OO0O00

[ eee-

432

OO0

999

MULTIPLICATION OF ACCELERATION TERMS BY =GXI*GXI
MULTIPLICATION OF VELOCITY TERMS BY ¢GXI

A=-GXT*GXI

B=GXI

00 202 I=1,6

00 203 J=1+6

GAA (L ,J)=A%GA (I,J)
GBI, J)=B%G3(I,J)
CONTINUE

FOIL COMPONENTS FOR MATRICIES -TOD AND TEV-
TOD(ROW,COL) » TEV(RCW,COL)
PRINTOUT OF MATRICIES IS FOR THE FIIST WE(ND) PRINTED

DO 205 I=1,3

DO 236 J=1,3

IEv=1+I

JEV=J+d

I00=Itv-1

JOoD=JEv-1
TODF(T,J)=GAACIOD,JOC)~ATMAGIGRIIOND,JOD) I +REALIGCITIOD,JOO))
TODF(IyJ+3)=¢+REAL(GB(IOD,J00) ) +AIMAGIGC(IOD,JOD))
TOBF(I+3,J+3)=TOOF(I,J}

TODF(I+3,4)=-TODF(I,J+3)
TEVF(I,J)=GAA(IEV,JEV)-AIMAGI(GRBIIEV,JEV)) +RCAL (GCITEV,JEV))
TEVF(I,J+3)=+REAL(GB(IEY ,JEV) ) +AIMAGIGC(IEV,JEV})
TEVF(I#3,Je3)Y=TEVFI(I,J)

TEVFUI+3,0)==TEVF(I,J*3)

CONTINUE

CONTINUE

-y o ————— e ap . W W - A S T A P e W . D D TR P DB DT B G W G R W B SR WD S R e B WS

EXCITAYION FORCFES AND MOMZNTS (NON-DIM.)

GF (2) =FD1*GF(2)

GF (3)=FJ1*GF (3)
GF(4)=FD2*GF (&)

GF (5) =F02*GF(5)

GF (5)=FJ2*GF (b)

DO 412 X=1,6
TIMFRZQ,K+5))= REALIGF (K}
T(NFRZQ,K+56) “AIMAG(GF (K))

FOIL COMPGOMENTS FOR MATRICISS ~BON AND BEV-

BOOF(1)=0.0
BODF(2) = ¢QEAL (GF (3))
BODF ( 3) =¢REAL {GF (5))
900F () =0.0
BODF{S5)=~AI1AG(GF (3))
803F(5)=~ATHAGIGF (5))
SEVF (1) =#REAL(GF (2))
BEVF(2) =+REAL(GF (4))
BEVFU3)=+REAL IGF 1BE))
BEVF (L) ==ATIMAGIGF(2))
BEVF(S5)=-AIMAGIGF (&))
SEVF(B) ==AlMAGIGF(6))
RETUIN

ENO
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SUBROUTINE FOIL{TODF,TEVF ,BODF ,BEVF,VKNGTS,HAMPL yHOG1 ,GX T ,ELL sRHO :
2MF 3 Qy TMAS , T, NFREQ.HAVL) ;
COMMON /QFOIL/ GA(6,6) :
DIMZNSION TOOF(6,6),TEVF(6,6) ,BODF(5),3EVF{6),Q(13,10)

DIMEHSION GOU(E46)4GC (656) »GF(E),T(32,62),GAA(5,6)

COMPLEX CK,B2,02,P1B33,P1C33,P2835,P1C35,P2C35,P1B22,P1824,P1C24,P
12826,P1226,P1BL%,P2BUL,P1CLL, P234E,P1C46,P1B53,P1C53,P3R55,P1C55,P 1

: 22C55,P1362,P1B64,P1C64,P2066, PI1C65 .

: CCMPLEX CoEXLyEXMsAA,ARG,HSIN HCOS,V1,V2 W1, W2,PLL, PF2,PF3,PL2,%F4

<, 2,PM1,PFS,PF6,B8,yH3 _
. COMPLEX GB,GC 4GF i
. P1A33=P1A35=P1B35=P1A22=P1A24=P1A25=P1B26=PLA4LL=P2ALL =P1AKG=P1BLE = b

1P1AS5=P1855=P2B55=P1A65=P1066=P3366=0,
P1833=P1C33=P2835=P1C35=P2C35=P1822=P1824=P1C24=P2B26=P1C26=P1B4L=
2P2844=P1CLL=P2BH6=P1CUO=P1B53=P3855=P1C55=P2C55=P1B62=P1B64=P1Co4 = .
IP2855=P1C66=(0ey0s) b
PF2=PF3=PF4=PF5=PFBE=(0433.) g
D0 239 1I=1,6
i GF(I)=(00'00,

DO 201 J=1,6

IF(NFRE]Y .EQ. 1) GA(I,J)=40,

GS(I,J)=(O..D.)
221 GC(I J)=(J.,3.) Fs
: 223 CONTINUE ) 4

e

MULTIPLICATION FACTORS FOR NON-DIM, ARE
ACCEL FORCES (1,/7MASS)
VELe. FORCES (1.,/MLSS)*SQART(LPP/GRAV)
OISPL. FORCES (1./7MASS) *(LPP/GRAV)
SUSSCRIPTS 11,13,31,33,22

INERTIA MOMENTS (1./9ASSY/LPP**2

ANGULAR VEL. MOMENTS t1.,/7MASS) *SQRT(LPP/GRAV)I/LPP¥¥»2

ANGULAR DISPL. MOMENTS (1./7MASS) *(LPP/GRAV)/LPP®*2
SUBSCRIPTS 55,4L,46,64,66

CROSS INERTIA (1./7MASS)/LPP
CROSS VEL. (1.,/7MASS) *SQRT{LPP/GRAVI/LPP
CROSS OISPL., (1./7MASS) *(LPP/GRAV) /LPP

SUBSCRIPTS 15535951¢53524,2€,42,52

EXCIT. FORCES/WAVE AMPL. LFP/{MASS*GRAV*HAMPL)
SUBSCRIPTS 14243

EXCIT.MOY./HAVE AMPL. 1 ./7(MASS*GRAV*HAHPL)
SU3SCRIPTS 4,5,6

2 A s XN e Nes Ay NS Rv N Fv R N RS R N N N Ne N Ne NS N )
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GRAV=32,2
RMASS=1.,/TMHAS
ZLDIVG=SLL/GRAYV
ELLSO=ELL*ELL
FA1=MASS
FB1=RMASS*SQRT(ZLDIVG)
FC1=RMASS*ZLOIVG
FA2=FAL/ELLSQ
FBZ=FR1/ELLSQ
FC2=FCL/ELLSQ
FA3=FAL/ELL
FB3=FN1/ELL
FC3=FCL/ELL

FO1=ELLZ (TMAS*GRAV*HAMPL)
FD2=FDL/ELL

PI=3.14159

XMU=(183, 3~-HDG1)/57.2957795
U=VKNOTS*1.689
SINYMU=SIN(XMU)

COSMU=COS (XMU)
OMEGA=S]AIRT(2.*PI*GRAV/HAVL)
OMEGAE=3XI*SQRT(GRAV/ELL)
A1=PI*R40

A3=AL*UY

B1=7.5*H0*U

Ct=81*U

BB=CHPLX‘BQ'1.,

SUMMATIONS FOR FOIL COEFFICIENTS AND EXCITATION FORCES / MOMENTS

- e e A s W T = e Gk A8 D TR A MR R A G R D e h s YD W S ap B W e N G D D W e G T e S e WD e W W

00 133 I=1,NF
cPL=Q(1,1I)
SPAN=Q(2, I}
CHORD=Q(3,1I)
S=Q(k,I)

Y=Q(5 1[)
Z=Q(6,1)
DGAMMA=Q(7,I)
CLZ=Q(8,1I)
ASP=219,1I)
NCPL=CPL

ARE A=SPAN*CHORD
ASPRAT=SPAN/CHORD
ASPCOR=ASPRAT/(ASPRAT+ASP)
CPL=CPL*ASPCOR
GAMMA=DGAMMA/S57,2957795
SING=SIN(GAMMA)
SINGSO=SING*S ING
COSG=COS (GAMMA)
€0SG6SQ=C0SG*COSG
SINMUG=SINMU®SING
CLALPH=2,*PI]




3c8

XK1=0.,5"0OMEGAE*CHORD/U
XKZ=(OMEGA®*OMEGA) /GRAV
XK3=0.,5% (OMEGAE*OMEGAE ) *CHORD*COSMU/GRAV
CALL THEO (XK1 ,CK)
A2=0.,25%AREA®CHORD*CPL
B2=AREA*CLALPH*CK®*CPL
C2=CLZ*ARFA*CK*CPL

» . ¥ . . . » ¥ ¥ . »
IFINFRE] .GT. 1) GO TO 308
PLA33I=PLA3I3I+(A2*COSGSQ)
P1A35=P1LA35+(A2¥S*C0OSGSN)
P1AS5=P1AS5+(A2*COSGSQ*{CHORD *CHORD/ 32,.+5*S))
P1A22=P1A22+(A2*SINGSQ)
PLA2L4=PLA2L+ ( (A2*Z*STIHGSQ)+(A2*Y*SING*COSG))
P1A253=PLA26+ (A2*S*SINGSQ)
P1A4L=PI1ALL+ {AREA*AREA®SPAN/GL 8 ,)*CPL
P2ALLY=P2ALLE(A2* ((Z*SING+Y*COSG)**2))
P1a46=PLA46+ { (A2*Z*S*SINGSQ) + (A2*Y*S*SING*COSG))
P1ao6=P1AE6E+(A2*SINGSQ* (CHORD *CHORD/ 32.+S*S))
P1333=P1B33+(A2*C0SGSQ)
P1835=P1835+{A2*C0OSGSQ)
P2B835=P2835+(B2*COSGSA*(S+(CHCRD/u,)))}
P13853=P1853+(B2* (S-(CHORD/4.)¥*COS5GSQ)
P1355=P1B55+(A2*S*COSGSQ)
P2355=P2B55 ¢ ( (CHORDO**3) *SPAN*COS6SQ/16.) *CPL
P2B55=P3BSS+{02% (S+ (CHOPD/4.) )*(S-(CHORD/4.})*COSGSQ)
P1822=P18B22+(B2*SINGSQ)
P1824=P1B24+ ((32*Z*SINGSQ)+(B2*Y*SING*C0SG))
P1825=P1B26+(A2*SINGSQ)
P2826=P2R26+(B2* (S+(CHORD/4.,) ) *STNGSQ)
P134L=PLALL+ (H2*SPAN*SPAN/12.)
P2B4L=P2BLL+(B2* ((Z*STNG+Y¥COSG)**2))
P1346=P1B46+ ((A2*Z*SINGSQ) +{A2*Y*STNG*COSG))
P2B846=P2BL6+ (B2* (S+ (CHOPOD/L4) I *((Z*SINGSQ) +{Y*SING*COSG)))
P1B62=P1B62+(02*% (S~-(CHORD/4,) ) *SINGSQ)
P19564=PL1RSLAH (B2 (S-(CHORD /4. ) ) *({Z*SINGSQ) +(Y*SING*COSG)))
P12565=P1B66¢+(A2*S*SINGSQ)
P2155=P2B66+(B2*(S+(CHORD/4,) ) *(S-(CHORD/L.)) *SINGSQ)
P2356=P3B56+ ({CHORD**3)*SPAN* SINGS1/16,1*CPL
P1C33=P1C33+(C2%C0OSG)
P1C35=P1C35+(B2*COSGSQ)
P2C35=P2C35+(C2* IS~ (CHORD/L.) ) *COSG)
P1C53=P2C35
P1C55=P1C55+(B2*(S-(CHORD/4.) ) *COSGSQ)
P2C55=P2CS55+(C2* (S+{CHORD/44) ) *(S-(CHOD/4.))*COSG)
P1324=P1C24+(C2*Y*SING)
P1C25=P1C26+(B2*SINGSQ)
PL1C64=PLCHL+ (C2* {S-(CHORD /4. ) )*Y*SING)
PLCE6=P1CHE+{B2*(S-(CHORD /L) Y *SINGSQY -
P1CuuL=P1CoL+ (C2*Y*((Y*COSG)+(Z*SING)))
PiC46=P1CLE+ ((B2*Z*SINGSQ)I+(B2*Y*SING*Z0SG))
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L 3 > » » L 3 L L 3 L L » [ » »
CALL EXZITIXK3I,XK1,CK,EXL,EXM)
25 C=CMPLX(COSG,SINMUG)
XRE AL =X<2*SING
XIMAG=XK2*SINMU*COSG
AA=CMPLX{XREAL,~XIMAG)
ARG=0.5"AA*SPAN
HSIN=J.5%* (CEXP(ARG) -=CEXP (-ARG))
HCOS=3.5% (CEXPLARG) +CEXP (-ARG))
V1=(2./780A)*HSIN
V2=(1./(AA*AD)) *(AA®SPAN*HCOS -2, *HSIN)
XREAL =XK2*2
XIMAG=~XK2*Y*SINMY
AA=CMPLX (XREAL,XIMAG)
AA=WAMPL *OMEGA*CEXP (AA) *C
Wi=AA*V1*A8
H2=AA*V2+38
H3I=AA¥EH
IFINCPL-1) 51,51,50
53 Wi=2, *Wi
H2=2,%H2
H3=2.*W3
51 XIMAG=-XK2*¥S*COSMU
AA=CEXP(GMPLX (3. ,XIMAG)}
C=CHIORD*EXL*AA
PL1=C*ATMAG(W1)*BB
PF3=PF34 (PL1*COSG*ASPCOR)
PLI=C*RZALIHL)
PL2=CHORD*W2*EXL
PM1=0.25%CHORD*CHORD*EXM* AA ]
PFS=PFS=-(((-S*PL1)~PMI*BB*AIMAGIN3) ) *COSG) *ASPCOR : %
HO=HAGL jy
IF(HD ,53T. 183,) HD=HD-187, o
IF(HO «GT. 172.) GO TO 100
IF(HD ._T. 8.) GO TO 100
PF2=PF2-(PLL*SING*ASPCOR)
PFU=PF4+ (PL2+PLLI*IY*COSG+Z*SING)) *ASPCGR
PF6=PF6+ ({(S*PLL) +PML*REAL (W3} I*SING) *ASPCOR
190 CONTINUZ

i ondd
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FOIL COEFFICIENTS (MON-DIM.)

P e s b i

IFINFREY .GT. 1) GO TO 310
GA(3,3)=FAL*(+AL*P1A33)
GAU3,5)=FA3*(-AL1*P1A3S)
6A(5,3)=GA(3,5) i
GA(S,5)=FA2*(+AL*P1ASS)
GA(2,2)=FAL*(+A1*PIA22).
GA(2,4)=FA3*(~AL*PLAZL)
GA(2,E) =FA3*(+A1L*P1A26) H
GA(4,2)=6A(2,4)

GAlL,6Y=FA2* (+AL*(PLALLIP2ALY))
GA(4,5)=FA2*(-AL*PLAUE)
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L33

GA(6,2)=GA(2,6).
GA(B. '0) =GA“¢.6,
GA(B46)=FA2*(+A1*P1AESG)
GB(3,3)1=FBL*(+R1*FP1RII)
GB(3,5)=FB3*(-A3*P1B35-01*P2B35)
GB(5,3)=F83*(-01*P1BS3)
GB(5,5)=FR2*(+A3*P1355+A3%P2B55¢81*P3855)
6G3(2,2)=FBL*(+B1¥P10322)
GBL2,L)=FNR3*1-B1*P1B2Y)
GB(2,6)=FB3*(+A3*P1B20+R1¥P28 2¢)
GB(u,2)=68(2,4)
GBIL,4)=FB2*(+A1%(P1E+L+P284LYL))
CB(L,B)=FR2*(-A3*P1BL6-BL1*P28BL6)
GB(6,2)=FB3*(+81¥P1362)
GB(By4)=FB2*(-B1*P1D6L)
G3(6,6)=FR2*{+A3*P1B6L+BL*P2BER+A3*P3BE6)
GC(3,3)=FC1*{+C1*P1C 33!}
GC(3y5)=FC3*(-C1*{P1C35+~2C35))
GC(35,3)=FC3*(-C1*P1CS53)
GC(5:5)=FC2*(+CL*(P1CS5¢P2C55))
GC(2,4)=FC3*(-C1*P1C24)
GC(2,6)=FC3*{+C1L*P1C26}
GC (L, 4)=FC2*(+CL*PICLY)
GClLU,E)=FC2*%(~-CL*P1CuL6)
GC(H,L)=FC2*(-CL1*P1CHEY)
GC(6,6)=FC2*(+C1*P1C65]}
D0 436 <=146
TINFREQyKI=GA (K,K)
TINFRZQ,K+10) =RZAL(GB(K,K)})
TINFRCQ,K+2]1)=AIMAGIGB(K,K))
TINFREQ,K+33) =REAL(GC (K,X))
TANFRZIQ,K*+4 ) = AIMAGIGC LK,y K))
TINFREQ,7)1=GA (3,5}
TINFREQ,B8)=GA(2,6)
TANFREQy9)1=GA(244)
TINFREQ,13)=GAl4,6)
T(NFREQ,17)= REAL(GB(3,5))
TINFRCQ,27)=2IMAGIGR (3,5))
TINFREQy18)= RIALIGB(2,6))
TINFRFEQ,28)=ATIHMAG(GB (2,56))
TANFPCQ,19)= PZALIGH(2,4))
TANFRZQy29)=AIMAG(GB(2,4))
TINFRFEQy23)= REALIGB(L,6))
TINFREQ,3J)=AIMAG(GB(4L,6))
TINFREQ,37)= REALIGC(3,5))
T(NFREQ u7)=AIMAGIGC (3,5))
T(NFRZ0,38)= PEAL(GC(2,6))
TINFREQyu48)=AIMAGI(GC (246))
TINFREQ,39)= REAL(GC(2,4))
TINFRZQ,49)=AIMAG(GC (2,44))
TINFRIQ,4 )= PCALIGC (4,61))
T (NFREQy5 IV =AIMAGIGC (4,56))

¢
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MULTIPLICATION OF ACCELERATION TERMS BY <«GXI®GXI
PFULTIPLICATION OF VELOCITY TERMS BY +GXI

A=-GXI*5XI

B8=6XI

DO 202 I=1,6

00 203 J=1,6

GAA(T 4J)=A*GA(I,J)
G3(I,J)=0%GB(I,J)
CONTINUE

FOIL COMPOMENTS FOR MATRICIES -TOD aND TEV~-

D0 205 I=1,3

00 2J6 J=1,3

IEV=I+L

JEV=J+)

ION=IFV-1

JOD=JEV-1
TODF(I,J)=GAA(IOD,JO00)-AIMAG(GB(IO0,J00) ) +REAL(GC(IOD,J0D)}
TOOF(I,J+3)=¢+REALIGB(IOD,JON) I+AIMAGIGC(IOD,JOD))
TODF(I+3,J+3)=TODF(I,J)

TODF(I+3,J)=-TODF(I,J+3)
TEVF(IsJ)=GAALIEV,JEVI-ATMAG(GBITIZV,JEV) ) +REAL (GCIIEV,JEV))
TEVFUTIJ#3)=+REALIGBITEV,JEV) ) +AIMAGIGCC(IEV,JEV))
TEVFUI#3,43J¢3)Y=TEVFII,J)

YEVF(I+3,0)=-TEVF(I,J+3)

CONTINUE

CONTINUZ

GFL2)=FD1*(+a3*PF2)
GF(3)=FJ1*(+A3"PF3)
GFlu)=FI2*(+A3%PFY)
GF(3)=FD2%(+A3*PF5) .
GFt5)=FD2*(+A3*PFb)

D0 432 X=1,46

TINFREQ)»K+50) = REAL (GF (K})
TINFREQyK+56) =AIMAG(GF(K))

FOIL COMPONENTS FOR MATRICIES -BOD ANO BEV-~-

BaOF(1)=0.0

30DF (2) =+REAL (GF (3))
BOOF { 3) =+REAL (GF (5))
80NF(u)=0.0
BCDF(5)==AIMAGI(GF(3))
30DF(HR) ==ATIMAGI(GF (5))
BESVFI1)=¢+REAL(GF (2))
8ZVF(2)=+REAL (GF (4))
BEVF(3)=¢REAL (GF(6))
BEYF (L) =-AIMAG(GF(2))
BEVF{5)==-AIMAG(GF L))
SEVF(6) ==-ATIMAG(GF(6))
RETURN

END
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DTNSRDC ISSUES THREE TYPES OF REPORTS

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

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

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




