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o provide further capability for prediction and anal-

ysis of hydrofoil hullborne seakeeping, a mathematical model and
computer program have been developed to predict roll, sway and
yaw motions of hullborne hydrofoil ships in beam seas. Predic-
tions agree well with towing tank data for a 1:20-scale model

of the PHM hydrofoil crafcﬁii\
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SOMMAIRE

Afin d'accroitre les possibilités de prédiction et
d'analyse de la tenue en mer des navires hydroptéres en flot-
taison sur leur coque, on a créé un modéle mathématique et un
programme d'ordinateur pour prévoir le roulis, le tangage et
1'embardée des navires hydroptéres en mers du travers. Les
predictions s'accordent bien avec les donnees obtenues dans un
réservoir de remorquage avec un modele a 1'échelle de 1/20 de
1' hydroptere PHM. :
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NOTATION

subscript and superscript referring to aftermost
hull section

added mass coefficient

damping coefficient

stiffness coefficient

lift coefficient

lift curve slope

flat plate normal force coefficient
strut wave-making damping coefficient
Theodorsen's function

superscript denoting foil contribution
exciting force or moment

metacentric height

superscript denoting hull contribution
rdlling moment of inertia

yawing moment of inertia

foil 1ift, also length between perpendiculars
foil ya&ing moment

foil area

Sear's function

coefficient dependent on flap-chord ratio
ship speed

sectional added mass

sectional wave-making damping

foil span
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foil mean chord

flap effectiveness parameter
sectional Froude-Kriloff force
gravitational acceleration
foil mean depth

sectional diffraction force
reduced frequency

wave number

control systems gains

ship mass

y gnd z components of unit outward normal to hull

distance from flap hinge line to mid chord * semi-
chord

x - coordinate of foil mid chord
time variable

Qave horizontal orbital velocity
wave vertical orbital velocify

component of wave orbital velocity perpendicular
to the foil

coordinate system (Fig. é)

foil dihedral angle

foil angle of attack

flap deflection

rudder deflection

two-dimensional section potential

wave amplitude

flap control system damping ratio
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rudder control system damping ratio

wave elevation

sway displacement

roll angle

roll amplitude

yaw angle

variable of integration in longitudinal direction

density of water

frequency of encounter. ( =wave frequency for beam
sea)

flap control system natural frequency

rudder control system natural frequency

3
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1. INTRODUCTION

Although hydrofoil ships will spend some of their op-
erational time in the displacement condition, little attention
has been paid to the theoretical analysis of hullbormne hydro-
foil seakeeping until recently. Indeed, Ref. 1, which treats
pitch and heave motions in head seas, appears to be the first
published work to address this problem. The present report
describes a mathematical model to predict roll, sway and yaw
motions of hullborne hydrofoil ships in beam seas; also in-
cluded is a computer program which applies to craft with fully
submerged foil systems arranged in either a canard or airplane
configuration. This work is thus a logical extension of Ref.l
and together they furnish computerized procedures for predic-
ting hullborne hydrofoil motions in the five major degrees of
freedom. Further, these programs are applicable to a wide
range of hull and foil configurations.

As in Ref. 1, hull exciting forces, added mass, and
damping are computed by the usual means of strip theory, and
upon these are superposed linearized hydrofoil terms. Predic-
tions agree well with towing tank data for a 1:20-scale model
of the PHM hydrofoil craft. However, because of the limited
scope of the test results, one should not base general conclu-
sions on this comparison.

2. MATHEMATICAL MODEL

The mathematical model is obtained by adding lin-
earized hydrofoil terms to the strip theory of Ref. 2. The
most important assumptions and restricticns are:

(1) Ship response is a linear function of
wave excitation.

(2) Ship length is much greater than either
beam or draft.

(3) The hull does not develop appreciable
planing 1lift.

(4) All viscous effects are negligible ex-
cept for zero speed foil and strut
damping.

(5) Hull-foil interaction is negligible.

In applying strip theory to a displacement hull, (1)
to (3) are normally assumed, but (4) is changed to "all viscous
effects other than roll damping are negligible", and the effect
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of viscosity on roll damping is included at all speeds. For
hydrofoil ships, however, which do not have bilge keels, hull
viscous damping is always negligible compared with foil and
strut damping. Assumption (5) makes the problem theoretically
tractable by permitting direct superposition of hull and foil
terms.

2.1 EQUATIONS OF MOTION

Consider a hydrofoil ship whose length is signifi-
cantly greater than either its beam or draft and assume that
this ship is travelling at constant speed U along a mean course
at right angles to the direction of propagation of a train of
long-crested regular waves of frequency w (Fig. 1). Let x, vy,
z be a right-handed orthogonal coordinate system fixed with
respect to the mean position of the ship with the origin at
the mean position of the centre of gravity. The positive x-axis
points forward in the direction of motion, the positive y-axis
to port, and the positive z-axis vertically upward (Fig. 2).
Denote sway by UPE roll by n4, and yaw by Ne -

The coupled sway, roll and yaw equations are given
below, using the same subscript convention as in Ref. 2. Flap
(B) and rudder (8) equations are also given, with notation
similar to Ref. 1.

Sway: (A, tm)ii,y +B,on, + A, fi, +B,,n, +Cy,n, + 4,
+B26n6+cz6n BB+13 BB+CZBB+A 6+326<S
'+0256 = F2 (1)
Roll: Ay fa®By, 2'*(A sl A e AL Y
+B46 6+C4 4BB+B4BB+C4BB+A 6+B466
+0466 = F4 (2)
LA BoaNg ¥ BgoMy * Mg Ny ¥ B N, ¥Ceuly ¥ (Agetioing
+Bgfig +Cqen 6+A6BB+B6BB+C6BB+A666+866(§
+c666 = F6 (3)
: ~w2 (ki N, + B + + w2 =
Flap wB(k¢n4 + kén4 k¢n4) + B chwBB wBB 0 (4)

Rudder: - 2(k~ﬁ6 + k:N, + k

o : g i
ws " "6 l,’716) + § + 2;6w66 + wGG 0 (5)
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general form
H F

= +
% B &

and F,'s are ascribed the

i

(6)

where A?i and AP. denote contributions from the hull and folls

ij
respectively.
ignored. Expressions for the A?j,

2.2 HULL COEFFICIENTS

Interaction between hull and foils has been

AF , etc. are given below.

ij

The strip theory used to compute hull coefficients

is obtained from Ref. 2. Since an adequate derivation is
given therein, only the final results are presented here.

2.2.1 Added Mass and Damping

Az ® {azzdg 2 gzbgz

B, - £b22d£v+ vaj,

Ay, = Ay, = £a24d5 - %zbga

324 = 322 = {b24d£ + 0324

A fay,8d - L e Ibyyde] + %zagz
Bye " o i Ulxya5, - {aézdgl b %zbgz

Ay " e, | ol %sza

B, = {b44d€ + ualy,

A26 = {az4id€ - %2[xAb24 - {b24d£] + %zaga
Bu - el Ulxgag, - e b %zb;4

AL, - {‘225"E ¥ %zlebgz % {bzzdgl

(7)

(8)

9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)
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Bea ™ szzgdg + Ulx,a 22 s {azzdﬁl (18)
Ag, = faedt - gzlebg4 + Ivy,4¢) (19)
By, = Iby, 84t + Ulxya 3+ fa,448] (20)
Age = {azzgzdg S szAbzz + gz[angz + Jaydel  (2D)
BR, = b, LE2dE + Uxlal + %z[xAbgz + Ib,,de) (22)

The above integrations are over the length of the
ship. 1In practice, the length of ship is divided into ten or
more sections and the two-dimensional sectional added mass (a)
and wave-making damping (b) computed for each section using,

for example, the Frank close-fit method. ay, and b22 result

from sway motions, a44 and b44 apply to roll, while 324 and bza

are due to cross-coupling between sway and roll. Subscript and
superscript A refer to the aftermost section.

H
Note that B44

This simplification has been made since extensive calculations
have shown that hull viscous damping is negligible in compari-
son to the viscous effects of the foils and struts.

contains no hull viscous damping term.

2.2.2 Hydrostatic Restoring Coefficient

The only hydrostatic restoring coefficient affecting
lateral motions is C44, given by

044 = AGM (23)

where A is displacement and GM the metacentric height.

2.2.3 Exciting Force and Moments

H U, A
py - pc[{(f2 + h,)dE - izh,] (24)
H U, A

Ty ® OC[{(fa + h4)d£ - 15h41 (25)
Fi - PLUIE(E, + hy) - 121dE - 15x,h7) (26)




where  is the amplitude of the incident wave and the integra-

tion is over the length of the hull. fj and hj are the sec-

tional incident and diffraction forces, respectively, given by

£,(6) = 8 (f: n,exp(k z' + ik y)di (27)
E

£,(0) =8 é(yn3 - znz)exp(sz' + ik y)dl (28)
g

h,(2) = w é ¢,(ing - n,)exp(k z' + ik y)d2 (29)
£

h,(8) = w é ¢,(ing - n )exp(k z' + ik y)d? (30)
3

The integrations are performed over the submerged hull section.

n, and n, are the y and z components of the unit outward nor-
mal to the hull at (§,y,z2). ¢, and ¢, are the two-dimensional

section potentials for sway and roll oscillations, respectively.
kw is the wave number, given by
w
k = — (31
% )

' =
and z z+hCG (32)

where hCG is the height of the CG above the waterplane. The

Frank close-fit method may be used to evaluate ¢2 and ¢4.

2.3 FOIL COEFFICIENTS

2.3.1 Nonzero Forward Speed

The foil coefficients are derived in much the same
way as in Ref. 1. We begin by considering a foil of dihedral
angle I' and resolving its 1ift force L and moment N into sway,
roll and yaw components.

sway force = -Lsinl (33)
roll moment = L(ycosl' + zsinl) (34)
yaw moment = Nsinl (35)

Here, no distinction is made between foils and struts. The fol-
lowing sign convention is adopted for dihedral and anhedral angles:
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for

for

for

for

port dihedral foil
starboard dihedral
port anhedral foil

starboard anhedral

Denote by L, and N

d

of angle rDP’ Fi =

foil of angle FDS’

apr By "

foil of angle FAS’

of angle T

d

Toe
Lo = 7hps
~Lyv
by W T

the 1ift and moment acting on a

foil as a result of swaying, yawing and rolling motions. Then,
from Ref. 1, equation (21),

Ld = LNC+LC | (37)

where the subscript NC denotes noncirculatory and C circulatory.
In equations (23) and (24) of Ref. 1, we substitute

-ﬁzsinF + (ycosl + zsinF)ﬁa for z

n631nP for 6
and obtain

L. = npb(%)z[(sﬁ6-Uﬁ)sinr-+ﬁzsinr

NC &
—(ycosF*-zsinF)ﬁhl (38)
e LENa
g szSCLaC(k)[{(s 7)1 Unﬁ}sinf
5 . oL
+nzsin1'~-(ycosl"-!-zsinl‘)nl‘]--g—ﬁc(k)yn4 (39)

where the last term in (39) has been obtained by intuitive
analogy with the last term of equation (24) in Ref. 1.

Similarly, from equation (22) of Ref. 1

ad . _ngbcasinr . C.
N, Lycs - L.x 16 (Un6-+8n6) (40)

Consider now the foil exciting force and moment and
denote by L. and N, the 1lift and moment due to wave .action on

W W
the foil. Then from equations (38) and (39) of Ref. 1,
o o
Ly szSCLaSe(k)w-+ahC(k)n (41)
N" = -wa (42)
6

;%
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where n is wave elevation at mid-chord and @& the component of

wave orbital velocity acting perpendicular to the foil: i 3
E | W = wcosl' + usinT (43)
=1 ~
j11 i where w is the vertical component and u the horizontal compo- :
: nent. u is regarded as positive in the direction of propaga- i
tion of the seaway. For beam waves,
—kwh ik y
2 u = we e (44)
g
g -k h ik y
2 w = iwe Y e (45) i
1 ik_y 1
4 w
i ‘
where kw is wave number. ;
jé Substitution of equations (37) to (46) into (33) to
E | (35) yields the foil coefficients listed below. Summation is
E ! over all foil and strut elements.
| R (RS ]
A22 anb(Z) sin“T (47)
i | BT = dpuzsc. c(k)sin?r (48)
! 22 0 Lo
AF = AF = -anb(s)zsinF( cosl' + zsinl) (49)
24 42 2 4
ifv BF = BF = —-lpUZSC C(k) sinl'(ycosT + zsinl) (50)
E | 24 42 2 L™ v i
P © F & 1 e 3CL ;
ij E C24 sz LS —gg-C(k) ysinl (51)
F - F & Cy2 2
; Are A62 anb(z) ssin’T (52)
! ¥ i 2pranb(Sy2 e L 8
; Bog pUZsin“T [ ™ (5)° +58C, C(k)(s-7)] (53)
5 cf = -Lou?ssc. c(k)sin?T (54)
¢ 26 2 Lo
; F 1 ikyy 3Cy,
% F2 -2pUZSe sinI‘[Uah C(k)
| ket
: +C. S (k)we (sinl' + icosTl)] (55)
H La e

B anb(%)z(ycosPd-zsinF)z (56)
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F 1

= — 2
By szZSCLaC(k)(ycosF4-zsinr) (57)
el = lpuzzsaCLC(k) (yeoal + zatal) (58)
Kk 2 oh yiy
AF = AF = —ﬂpr(E)zssinF( cosl' + zsinl) (59)
46 64 2 y
BZG = pUEsinI‘(ycosI‘-l-zsinI‘)[‘nb(%)2
1 c
- ZSCLaC(k)(s -z)l (60)
c¥ = Lou?zsc, c(k)sinl(ycosl + zsinT) (61)
46 2 La y
ik,y GCI
Fz = %pUZSe . (ycosT + zsinl') [UT3} € (k)
-k_h
+C S (ke w(sinl + 1cosl')] (62)
Y = Lousxsc. c(k)sin?T (63)
§3 - 3 La
F 1
B64 - 2pUZZxSClL&(k)sinl"(ycosl’ + zsinl) (64)
B 9Cy,
064 2pU szjnT-C(k) ysinT (65)
= 2y (Cy2 , be* 2
A66 = npL[s b(2) +-128]sin T (66)
BY = puz[-mb ()2 +Lxsc. c(k))(s - S)sin?T (67)
66 2 2 Lo 4
cF = -Lou2sxsc. c(k)sin?T (68)
66 2 La
F 1 ikyy aCy,
F6 -szZxSe sinrlvjﬁ;-c(k)
-k, h
4-CLaSe(k)we (sinl + icosl') ] (69)

The flap coefficients are obtained by using equations
(50) to (53) of Ref. 1 to evaluate the 1lift and moment due to
deflecting a flap through angle B (Fig. 3). Resolution of this
force and moment via equations (33) to (35) results in the flap
terms given below.

e
3
£,
»
&
£
v
W
¥
k
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A., = -2pb_T (53)391:\1‘ (70)
28 F1 2
B.. = -2oub_c2(T, - C. C(K)T,)ainl (71)
28 7PUbpe (T, = o5 CLa® ()T,

5 2
C28 pU chFCLGC(k)eBsinP (72)
A4B = 2pb Tl( 2) (chosF-+z sinl) (73)

= 1 2
848 2pUchF(T4 2“ LaC(k)gl)(%mosF +z sinP) (74)

[

RN 2
C4B pU chFCLaC(k)eB(chosP-PstinP) (75)
A, = A_,s+2pb (f-‘i)"(r + pT, )sinl (76)
68 2B F 2 7 1
B = lpUb c sinF[ T s +— L C C(k)T
68 2 2m

CF 1
-—2—(T1—T8-p'1‘4+-2-'r11)] (77)

c6’B = Czs" - 2pU?%b ( ) ('r +T O)sinr (78)

where p is the distance from the flap hinge line to mid-chord
divided by the semi-chord (see Fig. 3). eB is the flap effec-
tiveness parameter. The Ti's are given in Ref. 1. The con-
tribution from both port and starboard flaps has been summed in
the above equations. Vg and zp apply to the port flap, and B

is positive for port flap down.

Consider now the rudder. Side force due to rudder
deflection may be calculated by substituting & for ¢ and - C
for s in equations (23) and (24) of Ref. 1. Then 4

emob(S)2(-S5 - udy +1 _S3 .
Lg =Tpb(5)% (-7 8 - U8) +5pUSC, C(k)( 2& Us) (79)

where LR is rudder side force, assumed positive when acting in

the negative y-direction in keeping with our convention regard-
ing dihedral angles. Rudder moment is given by
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NR npb(z) 3(46-+UG)+-29USCLac(k)x (26-+UG)

-nprE(UG+ 8) (80)

Substitution of (79) and (80) into (33) to (35) yields
the rudder terms.

cR3
Aas * “MPhyaE i
CcR
Bos = -pusR7r(n+-cLac(k)). (82)
c.. = -Lpu2s_c. c(k) (83)
26 2 R"La
As = -A, 5% ‘ ] (84)
B,s = —BszR (85)
2 CR“ :
Ags  DygPy * Toby 908 (87)
CR CR &
B66 'DUSRT (w[sR- 2 ] CLac(k)xR) (88)
v65 " C3c% st

2.3.2 Zero Forward Speed

At zero forward speed, viscous drag forces opposing
lateral motions act on the foils. By regarding the foils as
oscillating flat plates and equating the energy dissipated by
the non-linear viscous effect during one cycle to that dissi-
pated by a linear damping term, we obtain the following viscous
roll damping coefficient:

e

”
A 2 2 2
344 3npwﬁ42(y +2z%) Scnlina (90)

where ﬁ4 is roll amplitude and Cn is the normal-force coefficient
for a flat plate tilted at angle a to the flow. From Ref. 3,

10
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; 0.0467a a < 40°
Cn = (91)
s Pl | o > 40° :

and from geometrical considerations

y/z + tanT
1-(y/z)tanF, (92)

tana = |

Similar equations may be derived for the other foil
damping terms, but these are much less significant than the
viscous roll damping term. Equations are given below for 322

F
d B,
an 66
BF = Ji—pwn LSC_sina (93)
22 3m 2 n
8T, = 2 pun, 2sc_|s| sina (94)
66 3 2 n

where ﬁ2 and ﬁ6 are sway and yaw amplitudes, and
a = |T| (95)

2.3.3 Strut Wave-Making Damping

A strut in or near the free surface will generate
waves when oscillated laterally. The resultant damping terms
due to wave-making affect roll significantly at low speeds.
For a vertical strut, the sway wave-making damping term is

W.E 2
522 2pwb ch (96)
w?b
where C" is a function of . A curve obtained using the

Frank close-fit method is given in Fig. 4.

Roll and yaw wave-making damping terms are obtained

by multiplying Bgz by the appropriate foil coordinates.

11




3. COMPUTER PROGRAM

Based on the foregoing mathematical model, a computer
program has been developed to predict hullborne hydrofoil lat-
eral motions in beam seas. A program listing is given in the
Appendix, together with detailed descriptions of input and out-
put. Note that since hull viscous damping is neglected, this
program applies only to the "foils down" case. A further
restriction is that the foil system must be of the fully sub-
merged type and either canard or airplane in configuration,
i.e. one foil unit in an inverted T while the other is either
an inverted m or two inverted T's., Full details are given in
the Appendix.

4, COMPARISON OF THEORY WITH EXPERIMENT

The Davidson Laboratory has recently measured wave-
induced motions for a 1:20~scale model of the 220-ton PHM
hydrofoil craft during hullborne operation in sea states 3 and
5 (Ref. 4). Representative wave height spectra, as measured
during the tests, are shown in Fig. 5 for the full-scale
craft.

Unfortunately, Ref. 4 gives rather scanty lateral
motion data because of towing tank test restrictions. The only
useful frequency response measurements are for beam sea rolling
at zero speed (Fig. 6). Root mean square roll, yaw rate, and
lateral acceleration were measured across the speed range in
sea state 3 (Fig. 7), but the rather academic nature of this
spectrum (Fig. 5) does not permit generalizations based on
these results, since little or no seaway energy is present in
the frequency range of greatest interest (.3 to 1.5 rad/sec).

Fig. 6 shows generally satisfactory agreement between
computed and measured beam sea roll response at zero speed. One
may reasonably conclude from this comparison that hove-~to roll-
ing predictions should be satisfactory.

Predicted and measured beam sea root mean square lat-
eral motions are compared in Fig. 7. Agreement is satisfactory
but, as mentioned above, because of the peculiar nature of the
seaway spectrum, one cannot base general conclusions on this
comparison.
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5. CONCLUDING REMARKS

Although, as demonstrated above, predictions agree
well with the measurements available, the latter are not suf-
ficiently extensive to permit meaningful assessment of the
general reliability of predictions. One may reasonably expect,
however, that hove-to rolling predictions should be satisfac-
tory as indicated by the agreement between limited experimental
data and predictions.

Computational experience has shown that the foils and
struts dominate hullborne lateral motions, even at zero speed,
and this dominance becomes more pronounced with increasing
speed. Foil system damping completely swamps hull damping, and
at nonzero speeds the dominant forcing function arises from
action of the horizontal component of wave orbital velocity on
the struts. Further, the control system is effective in reduc-
ing roll angles, particularly for full-scale speeds in excess
of 10 knots.

The present work and Ref. 1 together furnish comput-
erized procedures for predicting hullborne hydrofoil motions
in the five major degrees of freedom. However, the present
work applies to beam seas and Ref. 1 to head seas. Work is in
progress to synthesize the two and produce a computer program
which will predict motions in five degrees of freedom at
arbitrary headings to the sea.
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APPENDIX -

COMPUTER PROGRAM DETAILS

The computer program applies to a hydrofoil shipwith
a fully submerged foil system of either a canard or airplane
configuration. The main foil is an inverted m (Fig. 8), while
the bow foil (canard configuration) or tail foil (airplane con-
figuration) is an inverted T. Specification of a third strut
on the main foil unit is an optional input; another option is
to split the main foil into two T's. The bow (or tail) foil
also acts as the ship's rudder, and the flaps for roll control
are on the outboard tips of the main lifting foil.

A. INPUT DESCRIPTION

(a) ONE CARD, FORMAT (8F10.4)

U speed (kt)

EL length between perpendiculars (ft)

HCG height of CG above waterplane (ft)

XCG distance from CG to forward perpendicular (ft)
RRG roll radius of gyrationm <+ EL

YRG yaw radius of gyration + EL

DISP displacement (tons)

RHO fluid density (slug/ft?)

(b) ONE CARD (12,2F10.3)

NFR number of frequencies at which responses are to be
calculated

FR1 lowest frequency (rad/sec)

DFR increment in frequency (rad/sec)

Notes (1) 1f computing motions in irregular seas with

U > 0, set NFR=18, FR1=.3, and DFR=.1]. If U=0, it
may be necessary to set DFR=.05.

(c) ONE CARD (213)

NSEA number of sea states (maximum of 10)
NPOS number of positions at which swaying motions in
irregular seas are to be computed (maximum of 10)

Notes (1) 1If motions in irregular waves are not desired,
use a blank card for (c).
(2) 1If NSEA=0, ignore data cards (d) and (e). If
NSEA > 0, but NPOS=0, ignore data card (e).
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(d) NSEA CARDS (2F10.4)

HSW(I)
TSW(T)

Notes

significant wave height (ft)
energy-averaged wave period (sec)

(1) Fig. 9, obtained using the data of Ref. 5, is
offered as a guide to the variation of TSEA with HSEA.
Caution should be exercised in applying this curve,
however, since considerable variation of wave period
with significant wave height is exhibited by natural
seaways (see, for example, Fig. 1 in Ref. 6).

(e) NPOS CARDS (2F10.4)

XPOS (I)

(f) ONE

x - coordinate of position I (stations aft of FP)
z - coordinate of position I (ft above CG)

CARD (F10.4)

GMIN

Notes

(g) ONE

metacentric height (ft)

(1) If metacentric height is not specified on input,
(i.e. GMIN=0), the program will use a value computed
from the offset data. This GM is not, however, cor-
rected for internal free surfaces.

CARD (3F10.4)

FIAV
YAWAV
SWAYAV

Notes

(h) ONE

expected roll amplitude (deg)
expected yaw amplitude (deg)
expected sway amplitude (ft)

(1) These data are only required for U=0. For U>0,
use a blank card.

(2) When computing motions in irregular seas, set
these inputs equal to 1.25 times the expected root
mean square values.

CARD (12)

NST

Notes

number of stations for which offsets are input

(1) The program assumes a 20-station hull representa-
tion, with station 0 at the forward perpendicular and
station 20 at the transom.

(2) The maximum value of NST is 25. However, since
the foil system dominates lateral response, in the
interest of computational efficiency it is generally
desirable to use no more than 10 stations to define
the hull. These should, however, be equally spaced
and include the transom.

(3) One each of data cards (i), (j) and (k) is re-
quired for each of the NST stations. :

26

i adkoi vl




e A A A A S

(i) ONE CARD (F10.3)

XA(I)

(j) ONE

station number

CARD (8F10.4)

YA(I,J)

(k) ONE

J=1, 8 horizontal offsets of station I (ft)

CARD (8F10.4)

ZA(I1,J)

Notes

(1) ONE CARD (I1)

J=1, 8 vertical offsets of station I (ft)

(1) Exactly 8 offset points must be specified for
each station.

(2) The first point is at the intersection of the
centerline with the station contour while the eighth
point is at the intersection of the load waterline
with the station contour (see Fig. 10).

(3) The vertical offsets are input as heights above
hull baseline (waterline zero).

(4) The points and the straight lines between them
should provide a good geometric description of the
station shape.

NSTRUT

number of struts on main foil unit (2 or 3)

(m) NSTRUT + 3 CARDS (8F10.4)

GAM(I)
SWEEP(I)
ALF(I)
B(I)
CR(I)
CE(I)
TC(I)

Notes

~.input dihedral angle (deg)

quarter-chord sweep angle (deg)
angle-of-attack relative to zero lift (deg)
span (ft)

root chord (ft)

tip chord (ft)

thickness/chord ratio

(1) The number system is shown in Fig. 11.

No. 1 - main foil outboard tip

No. 2 - main foil inboard span

No. 3 - bow lifting foil

No. 4 - main foil outboard strut

No. 5 - bow foil strut

No. 6 - main foil centre strut (if present)
(2) The method of inputting dihedral angles is
shown in Fig. 11. These angles are converted to the
conventional form (equation (36)) internally.
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(n) ONE

CARD (5F10.4)

X(4)
Y(4)
H(4)
X(5)
H(S5)

Notes

(o) ONE

main foil strut x - coordinate (ft)

distance from main foil strut tip to centre line (ft)
depth of main foil strut root (ft)

bow foil strut x - coordinate (ft)

bow foil strut root depth (ft)

(1) Strut x - coordinates are measured from the quarter-
chord line to the CG. X(4) is negative, X(5) is posi-
tive.

(2) Y(4) and H(4) are shown in Fig. 1l1. For the par-
ticular case shown, Y(4)=B(2). If Y(4) > horizontally
projected value of B(2), the main foil is assumed to
be split.

(3) Strut tips are taken to be at the intersection

of the struts with the lifting foils (i.e. project

the foils and struts through the intersection pods).

CARD (5F10.4)

BF
PF
EFF
WF
ZETF

Notes

(p) ONE

flap span (ft)

distance from hinge line to mid-chord * semi-~chord
flap effectiveness

flap control system natural frequency (rad/sec)
flap control system damping ratio

(1) The flap is assumed to extend to the tip of foil
No. 1 (Fig. 11).

(2) Flap effectiveness is plotted against flap-chord
ratio in Fig. 12. Note that this plot is based on
aerodynamic data and that considerable doubt exists
as to whether flaps are as effective in water as they
are in air.

CARD (2F10.4)

WR
ZETR

Notes

(q) ONE

rudder control system natural frequency (rad/sec)
rudder control system damping ratio

(1) It is assumed that the bow foil is the rudder.

CARD (3F10.4)

QFDD
QFD
QF

(r) ONE

roll acceleration gain (sec?)
roll velocity gain (sec)
roll gain

CARD (3F10.4)

QRDD
QRD
QR

yaw acceleration gain (sec?)
yaw velocity gain (sec)
yaw gain
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B. SAMPLE INPUT

A sample case of FHROLL input data is given on the
following page for a hypothetical 400-ton hydrofoil ship at
a speed of 10 knots. Note that the hull is trimmed up 1%°
and that offsets are given in local section coordinates, i.e.
the first point is (0,0) for all stations.
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.9184
1.4759

1.7279
1.5949

24554
17137

3.2583
1.8344

4,4833
2.2103

4.6467
2.1654

4,6467
2.1654

4eb467
2.1654

4,29
1.9991]

3.5733
1.6652

NN

13776
2.2134

2e5918H
ce3922

3.831
2.5706

4,R874
2.7516

6.7250
3.3154

649700

J.2480

€.9700
32680

6.9700
2s2480

6.63S
2.99R87

5.3600
Ce49H

18.5
14.5
9.75
2les
13.0
6775
17.45

1.8369
2e9519

3.4558
3.1897

5.108
3.4275

6.5166
3.6688

88,9667
4,4206

Y.2933
4.3307

Yec9¥33
443307

Y.2933

4.3307

de58
3.9583

7.1607

3.3304

Ilea
11e0
6ed
lze5
7.0
Se0
l1e65

241801
3e3H50H

443167
3.94871

6.385
44,2543

Belab?

li.20H3
545257

l1.6167
S5.4124

llebleE?
Seal3e

1194
S.4134

10e7¢5
499176

8,934
4,1629

J.H
1lew
el
12.5
6.0

27553
4et278

5.1836
4,7R45

Teb%52
S.1412

YeTT4Y
5.5033

13.45
6.63

13.94
6.5

13.v4
6beb

13,94
feb

12.87
h'n

10.7¢
Se)

«065
« 065
« 065
ol2
ol

3.2145
Sel6t

€. 0475
Sebde

He9 3G
SeY9R

114406
bealS

13.5015
6eb3l

144107
Tel0d

les192
Teb63

le,28725
H.079

13.2405
Te495

10,9455
Sebl?
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C. SAMPLE OUTPUT

A sample case of FHROLL output is given below. This
output results from the above input data and is fairly self-
explanatory. Running time is about 100 seconds on a CDC-6400.

The first three pages of output are basicallya listing
of input data. On the next page are the principal coefficients
of the roll equation; at each frequency the foil coefficients

form the first line, with the hull coefficients immediately
below.

Sway, roll and yaw trapsfer functions are then listed,
with phases relative to wave elevation at the CG. The final
three pages give root mean square values of roll, yaw, flap
angle and sway in the three specified sea states; also output
are absolute motions at the locations specified. The quad-
ratic regression spectrum of Ref. 6, obtained by analyzing 295
wave spectra measured at station 'India' in the North Atlantic
(59°N, 19°W), is used in the irregular sea computations.




GMIN= 0,0000

FIAV= =0.0000
STATION 2,00

AHSCISSAS
00000 4592
URDINATES
0.0000 « 7379
STATIUN 4,00

ABSCISSAS
0.0000 «8639
ORDINATES
0.0000 «7574
STATION 6,00

ABSCISSAS
0.0000 1.2770

ORDINATES

0.0000 «8569

u EL HCG XC6
100000 150.0000 2.0000 95.2500
NFR= 18 FR1= 4300 DFR= 4100

NSEA= 3 NPOS= 8
HSW TSw
84.0000 8.6400
10.0000 H 8700
12.0000 9.1000
XFOS ZP0S

1) 00000 100000

2) 5.0000 9.0000

3)  10.0000 8.0000

4) 15.0000 7.0000

S5) 200000 60000

6) 16,0000 1.0000

7) 10.0000 15.0000

8) 10.0000 22.0000

YAWAV= =0,0000

<9184

14759

le7279

15949

245540

1.7137

1.377%

2.2138

2.5918

2.3922

3.8310

2.5706

KRG
«0H60

YRG
o580

SwAYAV= =0.0000

1.8369

2+9519

3.4558

3.1897

5.1080

34275

2ecY61

3.3898

443197

3.5871

6.3850

4.2843

DISF
400,0000

2.7553

4.,4278

5.1836

4.TH4S

7.6620

Seléle

KRy
le9900

3e2145

Se.1600

6.047%

Sebcl

Be.9490

Se9980
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STATIUN 8,00

ABSCISSAS
0.0000 1.6291

ORDINATES
0.0000 <9172

STATIUN 10.00

ABSCISS5AS
0.0000 2.2417

ORDINATES
040000 l1.1052

STATION 12.00

ABSCISSAS
0.0000 2.3233

OKDINATES
00000 l.0827

STATION 14,00

ABSCISSAS
0.0000 2.3233

OKDINATES
0.0000 l1.0827

STATION 16,00

ABSCISSAS
0.0000 243233

ORDINATES
0.0000 1.08e7

STATION 18.00

ABSCISSAS
0.0000 2.1450

URDINATES
0.0000 «9996

STATION 20.00

ABSCISSAS
0.0000 1.7867

ORDINATES
0.0000 8326

e bl e i e bl i it

3.2583 4,.,84874 6.5166
1.8344 2.7516 3.6688
4.4833 6.7¢50 He9607
2.2103 3e3154 4.4206
4.6467 6.9700 9.2933
2.1654 3.2480 4.3307
4.6467 6.9700 9.2623
2.1654 3.2480 4,3307
4.6467 69700 9.2933
2.1654 3.2480 443307
4,2900° 6.4350 B,5800
19991 2.9947 39983
3.5733  5.3600  7.1467
1.6652 2e49148 3.3304
33
s

8el457

4.5860

llecUbs

Senen?

ll.61067

Se4l134

lle€lb17

Se4 i34

l1.9400

Sea4l e

107250

4.99179

Be5330

4s1629

YeTT4Y

S.5033

13.4500

6.6300

139400

645000

13.9400

69000

13.9400

6.5000

12.8700

6.0000

107200

50000

114040

be4lb5Y

13.5015

6.8310

l4.1020

T.2470

leslvey

TeH630

l4e.cdes
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10+3L/6GE"° Lo+ 321c2°~
Y0+399G66° 10+321G2°~
L0+3)LGQE"° 1L0+3KEH2° -
20+360L6"° LO+3AFN2° =
LN+JLLGE" 10+322F2°=
 v0+37L86° L0+3,2€2°~
L0+3LLSE" /0+36QT2° =
G0+32001° L0+3KQT2° =
L0+3LLSE" LO+36GAT® =
Cn+39701° LN+3IRCKRT*=
L0+3R.GE" L0+30FC]*=
G0+3IR201° L0+306091°~
LO+3RLGE" LO+3EGET* -
Sp+30%01° LN+IEQF T -
HeHh) 199y

29+32501°
LO0+3LLRK"
wile3Lc£21"
HN+3J3ERTT®
G0«30Tw ("
CURSEVATT 2 G
RO+39C51"*
HNe3p0OGL*
HNe3ILLGT®
nO0+32291°*
Q0e3FLLT"*
G0+33221°
RO+ 396RIT"®
B0e3CIRIL"
“Ne3IH261°
B0+ 306RT1"
RO+39361°
RN+ 3IESHT®
w0+3£002°
“0+3LL61°
BH+39061°
HOeJHERT®
80+392,1°
R0+360L1"
e2+3v151°
"0+3ENST"
ROHe30LET®
RM+329€T*
y0+32621°
80+39821°
R0+38L71°
HOeINL21"
«0+300ETL"
KN+3INR2T"*
e#0+312ET"
w0e3LTETL®

LR

L0+3952¢€"°
LO0+39062°
Lu+)L2E"
L0+3990627"°
LD+3T0EE"®
L0+30062°
LO+3K2EE"
L0+39062°
LO+3TJEE"
LN+39062"°
L0+396EE"
LN+249N62°
L0+3ELEPE®
10+39062°
LO+3INLYE"
L0+39062°
LO+3IH05E"
L0+39062°
LO+3ITEGE"
L0+390K2°
LO+3K756"°
L0+39062"°
L0+31GSE"
L0+39062°
LO+3ESSE"
L0+39062°
LO+IAFYSE®
L0+390N62°
L0+3R25E"
L0+39062°
L0+3215¢€"°
LC+35062°
L0+3R69E"
L0+39062°

L0+398%¢°

L0+33062°

"oy

009°*7
006°1
008°1
00L*1
009°1
N06°*1
00%°1
NoE*T
noe*1
00t1°1
000°1
006"
UL TR
noe*e
009°
cos*
nos*

noe*

S1IN3ITII 44390 10X
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8L2°
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GHE* o= v[6°
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AVMS
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nnge 1|
00Ge1
noe*1
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006°
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HULT MEAN SGUARES IN SEA STATe 4 nSEA

FOLL ANE YAW

DISPLACEMENT VELULCITY

DEG DEG/SEC

HOLL 2.379 lebT74
Yaw 397 w265
FLAF 3. 322 = 2907

SwAY AT POSITION INGICATED

DISPLACEMENT VELOCITY

FT FT/SEC

Co 1ebab 977
NDeleld=1040 . 1e49a leOoH
500025 9.0 1,547 1.069
10e0el= He0 1.628 1e116
[5e002 Ta0 (733 ie16Yy
0e00d= 640 leH4H lecas
loenel= 1,40 1e419 966
1009221540 1859 1.271
lu.o-t=22.0 é;lﬂﬁ leway

U ——— S S A S ——.

HelU TSEA = K,64

ACCELERATION
DEG/SEC#=?

1.473
«719

3.524

ACCELERATION
FT/SEC=82

«R7R
925

.‘*3&

i

haste ol




&
6 1 WLUT MEAN SQUARES IN SEA STATE S HSEA = 10,00 TSEA = Bed?
KOLL AND YAw
CISPLACEMENT VELOCITY ACCELERATION
VEG UEG/SEC ULG/SEC# 2
! :
3 KOLL ' 3,056 24100 1.821
' Yaw 508 335 272
FLAP 4,167 3.546 4,352

SwAY AT POSITION INDICATED

3 UISPLACEMENT VELOCITY ACCELERATION

b | F1 FT/SEC ~ FT/sECes?
6 TE 1+2317 1.028

K= 0.004=10e0 1.930 1.317 1,164

A2 S.0e42 9.0 2005 14349 1.157

;J A2 10.004= 8.0 Z.116 1.405 1.190
f A2 1540042 7.0 2.258 RELLE 1.241
' A= Pie0ed= 640 Ceb?4 1579 le.308
! X2 1040422 140 lobbs le222 1,022
| X2 10.00221540 c.615 1.608 1.373
:; Az |0e00d=2¢2e0) l.T37 let825 1.566

#s_,-i:.g 3 e el
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ROOT MEAN SOUARES‘IN SEA STATE S HSEA = [2.00 TSEA = 9.10

ROLL AND YAw .
DISPLACEMENT VELOCITY ACCELERATION

3 DEG. OEG/SEC ULG/SECR®2
3; ROLL . 34734 2.511 ; 24140
fﬁ YAW .628 %04 302
’ FLAP 4.984 “.215 5.072

SWAY AT POSITION INDICATEL

DISPLACEMENT VELOCITY ACCELERATION

FT ot FT/SEC FT/SEC®%2

: c6 2.338 1.497 1.217
1 X= 0404221040 2.378 : 1.582 1.350
Xz 5.002= 9.0 2.478 1.624 1,367

X= 10.0e2= 8.0 2.622 1.69¢ 1,407

; X= 15.002= 7.0 2.802 / 1,796 1,669
E X= 20.092= 640 3,013 1.913 1.550
i Xz 10.052Z= 1.0  2.286 1,675 1.209
: X= 10.00221540 2.990 1.961 1.623

E Xz 10.092222.0  3.379 2.201 1.851
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D. COMPUTER PROGRAM LISTING

A complete listing for FHROLL follows. It is worth
noting that FHROLL departs slightly from Ref. 1 in using the
methods of Jones* to calculate C(k) and Se(k); this modifica-
tion is made because Jones' formulation takes aspect ratio into
account. Another noteworthy point is that in calculating
strut roll damping terms, account is taken of the variation
in roll velocity along the strut's span.

*Jones, R. T.: The Unsteady Lift of a Wing of Finite Aspect
Ratio. NACA Report 681, 1940.
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SR SRR
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4

999

52

a2
67

H3

24

PROGRAM FHROLL (INPUTsOUTPUT «TAPES=INPUT s TAFE2=INPUT «TARES=QUTAPUT)
COMMON/COM]I/QUWsG(10011) 1
COMMOM/NEW/XA(25) sDXA(25) o XCOsELINSToHCG9CO4HIDISP o0
COMMON/NEW2/WoUsA22+8B22eA24+B269026e8B269A444H44sA4b G,
1A62+B6291A64 804 +A66+8669EF (10)

COMMON/NEW3I/A22F « A24F A26F s ALLF 9 AG6F e A66F 3
COMMON/NEWS/GAM(6) 9S(6) oSX(6) sY(6)eZ(6) sNFSeB(6) «COSS(A) +SING(6H)
COMMON/NEWS/FIAVIYAWAV SWAYAV

COMPLEX Al +B221824eB26+C24+C26+F2+H44+8469C444C4RIF4eBh24864983660
1C64+C669F6+CKaSEsUTeQQsH2F ¢ C2F «B4F ¢ C4F s HOF 9COF «B2RC2ReBGH »
2C4R+BORCORIALIW

COMMON PIoHPI oW I o TPI ¢MDoMUDE yDPHoeCReRATsSURWDEGe ISTIDRT sHBMeSGeN
10EsPOMos VOL sUEWIUNeOMEGAsCP oW VH e IDsDOG s IG o XX (25e7) «YY (2547) sVEL (2%
27) «SNE(2597) sCSE(25¢7) oFR(T7) 98LOG(29¢T+T) «YLOG(259T7«7)«CON(14e]l)oC
3T(14014) ePSI1(TeT7)ePSIZ(T7e7)sPRA(T) sPRV(T)

DIMENSIGN XPOS(10) «2ZPOS(10) «SWEEP (6) sALF (6) 9CH(6) «TC(6)
L1CE(6) 4CBAR(6) « X(6) sH(6) yCLA (D) sCLHI(6) A0 (6) sZP1(6) +HB(H) o
2A(6) 9SC(6) 9YZ(6) e 0UTM(40910)«0OSP(IS)
3VEL(15) ¢ACC(15) «SPEC(10) 9SPF(2) 9Y4(A) «HSWI(L10) s TSWI(10)
PI=3.1415927

TPI=2.%P]

READ 13eUsELIHCGoXCGsRRGeYRG9DISP+KHO

IF(EOF (SLINPUT) (NE.0.0)STOP 1111

WRITE 101

WRITE 13eUsELeHCLIXCGsRRGeYRG+DISP+RHO

READ 40sNFRoFR1sLFR

WRITE 43+NFReFR]1«DFR

READ S0 NSEAsNPOS

WRITE S1+NSEA.NPOS

IF (NSEA.LE.0)GO TO 67

WRITE 53

DO 52 I=1.NSEA

READ 13sHSW(I)+TSw(I)

WRITE 13+HSWI(I)eTSWI(I)

IF (NPOS.LE.O0) GO TO 67

WRITEZ 1009

DO 82 1=14NPOS

READ 13+XPOS(1)+ZPOSI(I)

WRITE 1001+I¢XPOS(I)4ZPOS(I)

CONTINUE

CALL HULLTI

NFOIL = 3

READ 18+NSTRUT

WRITE 1014sNFOILINSTRUT

NFS=NFOIL+NSTRUT

WRITE 1002

DO R3 I=1+NFS

READ 13+GAM(L) eSWHEEP(T)eALF (L) o8 (1) eCR(I)SCE(I)TC(D)

WRITE 13eGAM(I) +SAHEEP(I)«ALF(I) o8 ([)eCR(I)GCE(I)eTCI(I)

HEAD 13¢X(4) oY (4)eH(4)eX(H)eH(5)

WRITE 1003eX(4)eY(4)aH(4) e X(5)sH(5)

IFINSTRUT.LE.2)GU TO 24

KI(NFS)=X(4)

YINFS) = 0.0

HINFS)==,.%2d (NFS)

CONTINUE y

READ 139 HF oPFIEFF ewF 4 ZETF
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WHITE J0CasnF sFPobbF aWF o ZETF
KEAD 1 dsum o /TR 2

ik ITe J100SeaResb Tk

KEAD 1 3eNFUUsNFUIGF

WIRITE 10064GLFNUUFDUF

HEAD 1 3+QRDD e GRD UK

WRITE 1007«URDDIUND VR

YFE = (1) =it

CF=CR (1) =(CR(L)=CE (L)) (YF+ ,S%ck)/d(])
PUT DidrDRAL ANGLES IN CONVENTIONAL FORM
Gl = (GAM(1)=%0e) /573

GAM (1) =180.~GAM{]1) =GAM (&)
GAM(2)=0AM(2) ~0AaM(4)

GAM(3)=90 ,~0aM(3)

GAM () ==BAM(4)

GAM(5) ==90.,

GAM(A)==90,

CHANGE ANGLES FHOM DEGHEES TO wkanlANS
DC 1 I=1enFS

SwEER ([)=SwWEEP L) /7.3
P=GAM (1) /5T7.3

SING(T)=SIi(H)

COSS (1) =CGS(F)

DO 2 1=1«NF>

ALF ([)=aLF (1) /5742
CEAR(I)=eu%(CR(I) ¢CE(T))
CONTINUE

DO 3 I=leNFS

S(D)=4(0)#*CaAn(])
HINT=H(4) 414 (4) #aNS(SING (@)
H(GI=H (A eHINTeb(2 #3062}
LF==RCO=HINT+ (YF+442%HF)#STan(1)
YFE=Y(4) + (YF+o42%0F ) #COSS (1)
Q=(B L) *TOS5(1) +c4(2) #COSS(2) ) ## 2/ (S (1) #COSS(1) +S(2)#CUSS(2))
T=b(2)%COSS(2) =Y (4)

IF(AKS(T) ,LEL.0.01)GO TO 4
ISFLIT=1
H(Z2)=RnINT¢,42%(2)%SING(2)

21 =Y4) =, 4208 (2)#C0OSS(2)
AlL?)=u

GO TO »

ISPLIT=0

B(Z2)=Y(s)/C055(7)

HIZ2) = [T+ 8% () #5TinG(2)
Y(P2)aY () =8%3(2)%COUSS(7)
A(2)=2.%0

CONTINUE
HL)=nlnT=,424%4())#SING(])

H(3) 2 (H) =623 (4) #HING(3) +H(YH)
H6) = INT=u# 3 (a) “ARS(SING(46))
FI5) =508 (%) 4 (5H)
Xll)=x(z2)=X(4)

rl3)=K()>)

DU 6 Jzlenty
SXUI)=A(L)a/bHdLip(]T)
Z(1) == CC=m(1])

V(l":Y(h)O.hﬁ, wn (L) “CUSS L)
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22

23

25

26

27

e

91

oot

Y(3)=,42%H4(3)#C0S8S(3)
Y(4)=Y(4)=-,50%3(4)RC0OSS(4)
Y(S5)=0.0

ACLl) = A(2)

DO 7 I=3«NFS
A(I)=2.%8(1)/C8AR(I)
EM=2240.%01ISP/ (32.2%RH0O)
U=1.689%U

XI=(RRGH#EL) ##2%EM
ZI=(YRGHEL) ##29EM
AI=(0.091.0)

LIFT CURVE SLOPE CALCULATIONS

INCLUDE FREE SURFACE EFFECTS FCR FOILS 1 AND 3
00 22 I = LoNFS

CLA(I) = CLH(I) = 0.0

AO(I) = TRI#(1a~e96%TC(]I))#COS(SWEEP(I))

IF (U JLE., 0.0) GO TO 28

DO 23 I = 1e3,2

HCSQ = 20.0%(H(I)/CBAR(]))#w2

AO(I) = AQO(I)#(1,+HCSG)/(2.+HCSQ)

HS = H(I)/3(1)

ZP1(1)=1.0¢BIPL (HS)

CONTINUE

ZP1(2) = ZP1(5) = 1.0

STRUT END PLATE EFFECTS

HB(4) = 1.9%8(1)#COS(Gl)/sB(4)

HB(S) = 1.9%8(3)#C0SS(3)/sB(S)

IF (NSTRUT .LE. 2) GO TO 25

HB(6) = 1.9%(B(1)#COSS(1)+b(2)%CO0SS(2))/B(6)
ZP1(6) = 1.0

CCONTINUE

D0 26 I = 49NFS

A(I) = A(I)®(1l.0+nB(I))

HS = Y(4)/B(6) %288 (3=NSTRUT)

ZP1(4) = 1.0+BIPL(KS)

D0 27 I = 1sNFS

CLA(TI) = CLALF(AO(I)sA(I)eZPL(I))

CONTINUE

D0 9 I = 14342

HCSQ = 20.0%(1.05%H(I)/CBAR(I))#®2

AO(L) = TPI®(1le=e96%TC(I))*COS(SWEEP(I))®*(1s+RCSQ)/(2.+HCSQ)
HS = 1.052H(I)/8(I])

ZP1(1)=1.0+8IPL (KS)

CLH(TI) = ALF(I)®(CLALF(AD(I)eA(I)eZP1(I))=CLA(I))/Z(,0S*H(T))
CONTINUE

CONTINUE

D0 91 1=14NFS

CLH(I)=S(I)*CLH(I)

SC(I)=S(I)#CLA(I) :

YZ(I)=Y (L) #COSS(I)+Z(1)#SING(])

CONTINUE

DO 92 [=44NFS

O YR=Y(I)=.5%8(1)*CCSS(I)

ZR=Z(1)+.5%*B(I) *ABS(SING(I))
YRR=YR#COSS (1) +ZR#*SING(])
Ye(I)2((YRR+B(1))843-YRR#%3)/(3.,0%H(1))

43




9¢

93

130

10

19

20

CONTINUE

DO 93 =13

Ya(l)=YZ(])enp

8(5)=,5%8(5)

SC(5)=,5%5C(5)

IF (NSTRUT ,LE.2)G0 TO 130
B(NFS)=,598 (NFS)
SCINFS)=,5#SC(NFS)

CONTINUE

COMPUTE FREQUENCY INDEPENDENT TERMS
A22=A24=A26=A44=AG6=A66=0.0

00 10 [=1.NFS

Q=TPI#pg(I)® (C3AR(])/2,.)#02
QQ=Q®*SING(I)=##2

A22=A22+GQ0Q
A24=A24=-Q#SING(I)®*YZ(I)
A26=A26+0Q#SX(])

AG4=A44+Q%Y4(])
AG6=A46=-Q#SX (L) #*SING(I)#YZ(I])
AG6=A66+Q0%SX (I)##2+TPI+B(])2*CBAR(I)##4/128,%SING(])e=?
CONTINUE

A64=A46

A62=A26h

A22F=A22

A24F=A24

A26F=A26

A44F=AGHL

A46F=ALH

A66F=A66
YZF=YF®#COSS (1) +ZF#SING(1)

CALL FLAP(PFoT19oT4eT7+TReT10,T11)
A2F==2  #BF#T1#(CF/2,)##3
A4F==-p2F2YZF

A2F=A2F#SING(1) :
AGF=A2F#SX (1) +2.7%BF# (CF/2.,) #2842 (TT7+PF#T1)8SING(])
A2R==TP[#B(5) *CBAR(S5)#%3/]6.
A4R==A2R*Z(5)

ABR=AZR®SX(S) +TPI#*B(5)*CBAR(S)=*%4/128,
WRITE 1042

WRITE 1043

D0 S9 IFR=1¢NFR
wW=FR]1+(IFR=-1)#DFR

QW=Wew/32,.2
B22=B24=C24=B26=C26=F2=(0e0+0.0)
B44=C44=846=C46=F4=(0.0¢0.0)
B62=B04=C54=866=C66=F6=(0.0+0.0)
8B8=B(4)

D0 20 I=64.5

IF(I.tW.4)GO TU 19

BRA=Z2.%n(5)

CONTINUE

A=PI#=4 (1) #CHAR(]) *SDAMP (WeHH)
B22=B22+4H

B44=Bu4+Q4Y4(])
H66=B46+Q*SX () ##2

CONT INUE

IF(NSTRUT.LEL2)GO TO 133




P T Fim s 1 BTN SRS T ARTRS Y= Vg

5 L=NFS
;1 HB=2,%5 (NFS)

- WP [*H (1) #C3A/(1) *SUAMP (we4ny
;h H22=Hee*u

H4es=RaeaeGrYSH(])
BOHO=dO6+U#SA([) #47
133 CONTINUE
[F(U.GT.0.0)060 TO 16
CALL ZERO(We322+B4%eb66)
: B2F=B4F =H6F =C2F =C4F =CE6F=(0.0+0.0)
2 B2R=H4K=8ER=C2KR=C4K=CER=(0.05040)
] GO TO 17 !
16 CONTINUE
DO 11 I=1eNFS .
Q=S*CHAR(I) *W/U ;
CALL THEOQJUON(A(I)+Q+CK4SE)
P=SING([)2#2
R=SING(I)*®*YZ(])
T=SX(1)=-CBAR([) /4.
3 QI=U#SC () =CK
B | WO=P#*Q
& B22=822+04
b B62=H62+0A=#X (1)
H24=924-Q%R
B44=H44+QI%Y4(])
H64=Roa-0]#ReX ()
BA==U*TPI#B ([)* (CHAR(]L) /2,) #%¢
QU=GI=T
H2h=H6+P* (3A+U)
B4b6=Bab=-H* (HA+JW)
BA6=866+P# (T#rnA+X (1) #Q0)
¥ OI==Ues2%CLH (1) #CKEY (1)
3 L C24=C24+Q1=SING(L).
C44=C44=-0T%YZ ()
C64=C64+QI=SING(1)*X(])
QI==-U##2#SC(I)*CK#*SING(T)
| . C26=C26+QI#SING(I)
! 4 Ca6=C46-QI%YZL(I)
C66=C66+QI=*SING(I)=*X(])
IF (I JLE. 3) 60 TO 94
IF (I .GT« 4) GO TG 95
YK Y(I)=~o5#B(1)#COSS(])
ZR 2(1)+.5%8 (1) #ABS(SING(I))
i YRR = YR#COSS(1)+ZR®SING(])
] o1 ] B(D)
HO H(I)=o5%8 (1) #a8S(SIMG(I))
HT = (D) +.5%3 (1) #ABS(SING(I))
GO TO 96
S5 CONT INUE
BB = 2.%4(1)
YRR = =2([) = 4(I)
HO = k(1) = (1)
HT = MO + Hb
56 CONTINUE
Www = QaRARSIsIn6(I))
YTT = YRR + 4K
TR = QWW®YRe
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97

12
98

11

17

TT = UwARYTT

T = EXP(TR=Qw#HO) / (bH*OWas ¥ 2)

P = =T2IEXP(=TR)¥(TRe¢]l,)=EXP(=TT)#(TTe+l.))
R = =SING(I)

T = =Y(I)

TT = EXP(=QA®HO) =EXP (=Gw¥HT)
= TT/(Qw# (HT=HO0))
DO 97 JU=1+2
= =P
= =R
= =T

= SBURCEXP (ATHQWHT) #SC (L) 2SE#ws (R+AI*COSS (1))
F2 ¢+ QI=R&TT

Fa = QI#P ;
F6 = F6 + QI#R®X(I)=TT

CONTINUE

GO T0 98

CONTINUE

P==YZ (1)

R==SING(I)

==Y (1)

D0 12 J=1ls2

P=-P

R=~R

T=-T

QI==.S*URCEXP(AL=*CwWsT)# (USCLH(T)®CK+SC([) #SE#WHEXP (=QWHH (1) ) ¥ (K
1+AI2CUSS(I)))

F2=F2+Q]*%R

Fa=Fa=-I%P

F6=F6+QI=*R®X(])

CONTINUE

CONTINUE

IF(INELL)IGO TO 11

P=YF#COSS (1) +ZF#SING(])
QI=T4-CLA(1)®CK®T11/TPI

Wl==,5%UeBRFaCF@a2aQ]

B2F=QI*SING(1)

B4F==u]®P

QI=TaeeSX(1)=CLA(L)=*CK*TL1#Xx(1)/TPI
QI=U1+,5¢CFe(T1=-TH=-PF2T4+,5%T11)

BOF == S5¢USFeCFee28QI#SING(])
QI=uee2e8Fc«CFCLA(]l)®CK®EFF

C2F=QI»SINGI])

C4F==QI#P :

COF=C2F X (]|)=oS2Ue22aRFaCF#e2% (T4+T]10)2SINGI(])
CONTINUE

QI=CLA(5)#CK

P==,25%U®S(5) #Caak(y)

B2R=P« (Pl Q)

B4R==H2P®/ (5)

BOER=P# (PI# (SA(S)=.25%CRARI(N) )+ [2A(5))
CPH==,52Unu2a5(5) =]

Can==C2K2Z2(Y)

CO6R=C2R*X (5)

CONTINUE

WRITE 1040sWweAG4F ar444ClGf 4

C44=Cu4+CubH

"
n
nuw u
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CALL HULLS

CALCULATICNY UF A'Send'S ('S
CUMPLTE nYORODYNAMIC MATRIX
Alw=Al=s

WZ2=wiy

QUz==wZ2# (A22+EM) +ALwHH22
CALL MATG(le1)

QUuz==w2rAR4+AJWHE24+(24

CALL MATG(1+3)
W0==-w2»A26+ATw¥H2h+ (26
CALL MATG(le5)
QQ=-W2%ARF +AIW*H2F +C2F
CALL MATG(1le7)
QU==W2HAPR+A[N*32Kk+(C2R
CALL MATG(1+9)
QQ==W22A24+A[WH*H24
CALL MATG(3s1)

QU==-w2# (A44+X[)+AIW¥B44+C40
CALL MATG(3+3)
QA=-WZ2HA46+A[W¥HGH+Cah
CALL MATG(3+5)
QOA==W2eA4F+A[W*4F ¢+ Ca4F
CALL MATG(3+7)
WO==W2HA4LReAl NPH4RSCOR
CALL MATG(349)
QQ==we#AKZ+sAlu*B62
CALL MATG(S41)
QQ==w2%ARG+A] W 36L+(ChHS
CALL MATG(53)

QU==w2* (A6H+2]) +A[w*HEE+CHS
CALL MATG(545)
QQ==w2*AGF+ALN*RoF +CoF
CALL MATG(S+7)
QQ==w22A6R+A[ A*BRER+CER
CALL MATG(549)

QU= (=W2*UFDD+AIWHQFD+QF )+ (=wFo&2)

CALL MATG(T74+3)
QC==W2+ATWH2 #ZETF# NF ewF #82
CALL MATG(747)

QQ=(=W2*QRDD+A[W*QURD+QR) # (=wR#%2)

CALL MATG(945)

QQ==W2+AIWH2 FLETRENR s wRe#2
CALL MATG(949)

OQ=(0s000.0)

CALL MATG(T7s1)

CALL MATG(745)

CALL MATG(T7+Y)

CALL MATG(9s1l)

CALL MATG(943)

CaLl. MATG(9y7)

COMPUTE EXCITING FORCE VECTOM

EF (1)=REAL(FZ2)+£F (1)
EF(2)=AIMAG(F2) +EF (2)
EF (3) =REAL (F4) +EF (3)
EF(4)=AIMAG(F4) +£F (4)
EF(S)=REAL (FA)+eF (S)
EF (6)=AIMAG(F6) +EF (n)

47
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DO 14 I=T7s10
EF(I)=0.0

SOLVE FOR MOTIONS

DO 15 I=1+10

G(Is11)=EF (I}

WRITE 1041+sR44sB44+CaGEF (3) +EF (4)
CALL SOLV(GeEF+10+115INDXyICK)

D0 225 J=1.10

QUTM(IFRJ) =EF (J)

CONTINUE

OUTPUT FREQUENCY RESPONSE

WRITE (6+212)

WRITE(6+231)

WRITE(6+214)

WRITE (6+215)

DO 227 LW=1,NFR

W=FR1+(Lw=1)%DFR

WL=TPI#32.,2/We®2

WSLP=TPI/WL

wL=WL/EL

SAMP=SART (OUTM(LWe1)##2+QUTM(LWe2) #92)
SPH=57.3%ATAN2(OUTM (LWe2) sOUTM(LWel))
RAMP=SQRT (OUTM(LWs3) ##2¢0UTM(LWwe4) #82) 257, 3
RPH=57.3#ATANZ2 (OUTM(LWe4) yOUTM(LW93))
YAMP=SORT (OUTM(LW+S) ##2+40UTM (Lws6) #82) 57,3
YPH=57«3%#ATAN2 (OUTM (LW96) s OUTM(LW35) )
WRITE(64216)WsSAMP ¢SPHeRAMP ¢RFH 9 YAMP o YPHe WL
CONTINUE

IF (NSEA.LE.0)GO TO 1000

DO 54 JS=1sNSEA

HSEA=HSW (JS)

TSEA=TSW (JS)

IF (HSEA.GT.0.0) GC TO 30

ISEA=0Q

GO TO 35

1F (HSEA.GT.1.0) GO TO 31

ISEA=] :

GO TO 35

IF(HSEA.GT.3.0) GO TO 32

ISEA=2

GO TO 35

IF (HSEA.GT.5.0) GO TO 33

ISEA=3

G0 TO 35

IF (HSEA.GT.8,0) GO TO 34

ISEA=4

GO TO 35

IF(hSEA.GT.12.0) GO TO 46

I1SEA=S

GO TO 35

IF (HSEA.GT.20.0) GO TO 47

ISEA=6

GO T0 35

IF (HSEA.GT.40.0) GO TO 4n

ISEA=7 1

G0 TO 35

ISEA=H

48
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CONT INUE

NTOT=NPOS 2 i
DO 70 [=1eNT0T

DSP(I)=VEL (I)=ACC(]I)=0

HETD=beTV=3LTA=0.0 4
DU 71 LWs1eNFR

WSFPR]+(LW=1)*DFK

We=waw 1
Waz=wow? §
FW=SEAST (HSEATSEA W)

Q=FwWwe (QUTM(L'Ne7) #82+0UTM(LWvd) #8#2)
BETD=HETD+Q

BETV=60ETV+U>W?2

BETA=HETA+G*w4

DO 72 I=1.3

J=2#]

SPEC(I)SFW® (QUTM(LWsJ=1)#82+00TM(LWyJ) #82)
DO 73 I=1,3 i
DSP(T)=0SP ([)+SPEC(I)
VEL(T)=VEL (L) +SPEC(I)#w2
ACC(I)=ACC(I)+SPEC(I) #*Wwa

IF(NPOS.LE.O) wU TO 71

DO 76 I=1eNPOS

DO 77 J=1e2 ’
SPP(J)=0UTM(LWeJ) =ZPOS(I)#OUTM(LWsJ*+2) =(APCS([) *EL/20.=XCG) 20UTM (L
BWedea) d
SPEC(L)=Fw? (SPP(1)#22+SPP(2)842)

DO 78 J=4«NTOT

DSP (J) =DSP (J) +SPEC(U=3)

VEL (J)=VEL (J) +SPEC(JU=3) #W2

ACC(J)=ACC(J) *SPEC(J=3) #wa

CONTINUE

DO 74 122,43

DSP (1) =SQRT(DFR#*DSP (1)) #57,.3
VEL(I'=SQRT(DFR®VEL (1)) *57.3

ACC 1) =3QRT(UFR®ACC(1))*57.3

WRITE(64217) ISEAVHSEA,TSEA

WRITE(64218)

WRITE(6+219)

WRITE(6+220)

WRITE (6+221)0SP(2) 9VEL(2) +ACC(2)

WRITE (6+222)05P (3) sVEL(3) «+ACC(3)

BETD=SORT (DFR=HETD) #57,3

BETV=SGRT (DFR®RETV) #57,3

BETA=SQRT (DFH*HETA)#57,3

WRITE (69226)3ETDHETVRETA

DSP(3)=0SP (1) :

VEL (3)=VELI(])

ACC(3)=aACC(1) .

DO 75 1=34NTOT

DSP (1) =SQRT(DFR2USP (L))
VEL(I)=SURT(DFR®VEL(I))
ACC(I)=SURT(DFR#ACC(I))

WRITE(6e223)

WRITE(64219)

WRITE (6e224)
WHITE(Ae228)0SP(3) o VEL(3) «ACC ()
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IF (NPOS.LE.0)GO TO 54
WRITE(6+240) (XPOS(I=3)+ZPOS(1=3)+DSPLI)sVEL(I) «ALC(L) eizeenTuil)
CONTINUE
IF (EQF (SLINPUT) ) 9094969
STOP
FORMAT(IL)
FORMAT (1H1//25X%FREQUENCY KESPUINSE#)
FORMAT (//15X4HSWAY s 19X4HROLL s cUXA3IHYAWS | SX6hw.L /L)
FORMAT (3Xolrdwe7TXe3HAMP 45X o SHPHASE 9 LOX e IHAMP a5 X 9 SHPRASE s 1 DK e 3MAMF o5
LX9sSHPHASE)
FORMAT(FT7e392F9.395%Xe2F9,3:5XK42FY9.3«F15,3)
FORMAT(1H1//10X#RO0T MEAN SWUARES IN SEA STATE#[2.5X¥RSEA =%F4,.72+5
LX#TSEA =%F5,2)
FORMAT(///71SX#R0OLL AND YAW#)
FORMAT (15X20ISPLACEMENT#] I X#VELUCITY®]| ] X#ACCELERATION)
FORMAT (20X%DEG® ISX#*DEG/SEC* ) 2X | OHUEG/SEC##2)
FORMAT (/6 X2ROLL*F15.3+42F20,3)
FORMAT (/6XHYAW*F [ 6.3+2F20.3)
FORMAT (///715Xx#SwAY AT POSITION INDICATED®)
FORMAT (20X#FT*16X#FT/SEC*13XIRFT/SEC*#2)
FORMAT (/6X#FLAP#F15.3«2F20.,3)
FORMAT (/5X#CG%3XF15.342F20.3)
FORMAT (//5X%SwAY AMP IS NON=-DIMENSIONAL s HOLL AND YAw AMPS IN DEG/
FFT#)
FORMAT (/2X o #X=%FS5, 1% ¢Z2=%F4,]1eFG.3¢2F20,.3)
FORMAT (8F10.4)
FORMAT (I2+2F10.3)
FORMAT (/3X#NFR=¥¢[3eSXBFKR1=%F5,3¢9X#DFR=%F5,3)
FORMAT (2F10.40+12)
FORMAT (LH] 4 SK#URYGXUEL #BXFHCGHTARXCOROXBPRRGH TX#YKOGATA®U[SP2TRERH0¥)
FORMAT (/3Xe# (#]2%)%2F10.4)
FORMAT (/SX®GAM#TXOSWEEP#SX*ALF#TXR#BEQX=CRAgAF(ES]YIX#TC>)
FORMAT (/1X%K(4) = #FB,64¢5X%Y (4) = BF7,4¢5h%R(4) = F7,445X2X(5) =
$ AFB.49SXPH(S) = #FT7.4)

FORMAT (/1X2HF = %FB.4s5X8PF = ®F0.495XPEF = BF6.4,5KSAF = 5FR,4s

$S5XP2ETF = #FT7.4)

FORMAT (/1X®WR = #FB8.4+5X#Z2ETR = #FT7.4)

FORMAT (/1X#QFDD = #FB8,4¢5X#UFD) = #FB.4sSXPWF = #F8,.4)

FORMAT (/1X#URDD = #FB.4¢5X#UK0 = #FB.4+5X%QR = #F8,4)

FORMAT (/3XBHSEA=#F 1 2.2¢3X*TSEA=#F12.2+3Xe%NP0OS=%,13)

FORMAT (/13X e#XPOS*]10X#ZP0OS*)

FORMAT (/3X4GAM () #2X2SWEEP (I) #9aXs#ALF (I) #6Xe#H (1) #5X® CR([)*®
15X«#CT (1)) ®)

FORMAT (/1Xs®NFOIL= #1144X#NSTRUT= @,11)

FORMAT (F10.347E12.4)

FORMAT(10Xs7E1246)

FORMAT(1H1//95X#ROLL COEFFICIENTS®)

FORMAT (//6X#WH# ] 0XPA44#3X*B44RPEAYE44I#BXRBCL4R*IA¥CHL4T*IXIF4arBYX
12F41%/)

FORMAT (213)

FORMAT (/5 X#NSEA=#]I245XENPOS=#[2)

FORMAT (/4 X#HSW*TX#TSw#) A

END
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SUBROUTINE SULV(AsXeNeMeINDXs ICK)
SOLUTIONS OF N LINEAR EQUATIONS IN N UNKNOWNS,
M=Ne+]

MATRIX £QUATION SOLVED IS

B2Y=C
WHERE B(leu=A(1,J) Ied=1eN
Y(I)=X(]) I=1N
C(I)=A(]eM) I=1eN

IF NO SOLUTION FOUND IOK IS SET EuUAL TO 1 FOR RETURN,

DIMENSION A(NyM) o X(N) ¢ INDX (N)
ICK=0 ;
DUL0 I=1eN

INDX(I)=0

X(I1)=0.0

DO 20 J=1N

22=1.0E-10

IROwW=0

DO 30 I=1sN

IF (INDA(I) .NE.O). GO TO 30
TEST=AES (A(1sJ))
IF(TEST.LE.Z2Z) GO TO 30
22=TEST

IROw=]

CONTINUE

IF(IROwW.EQ.0)GU TO 20
INDX(IrOw)=J

IZN=A ([ROW,J)

II=Nei]

DO 50 K=l II

A(IRUWIK) =A(IROWIK) /ZN

DO 60 I=14N
IF(l.EQ.IROW)GO TO 60
Il=u-l

I1I=N+)

DO 61 K=I1lsII
AlLoK)SA([ oK) ~A(LloJ) #PA(IROWIK)
CONT INULE

CONTINUE

CONTINUE

DO 80 I=1WN
IF(INUX(I)GT.0) GO TO 80
TEST=ABS(A(leN+1))
IF(TEST.LT.1s0E-8)GO TO 99
CONTINUE

DO 70 I=1sN
IF(INDX () oEWa0) GO TO 70
XCINOXKCI))=A(IoNe])
CONTINUE

RETURN

WRITE(2+100)

51
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100

FORMAT (20X11HNO SOLUTION)
ICKk=1

RETUKRN

END

SUBROUTINE MATG(Is)
COMMON/COM1/@UsG(L0s11)
COMPLEX QQ
G(IsJ)=REAL (GQ)
G(lyedel)==-aIMALG(GU)
G(Ielousl)=G(1sd)
G(I+*led)==G(Isd+])
RETURN

END

FUNCTION SEAST(hHHeTToww)
HH IS SIG. WAVE HT. IN FT, TT IS PERIOD IN StC, WW IS FREQUENCY IN
RAD/SEC. QUTPUT SPECTRUM HAS UNITS FT=2#2/(RAD/SEC) ., g

COMMON/SSGM/A00(80) »A10(80) vA0L(80)+sA20(80) +ALL(80)«A02(80)
DIMENSION F(2)

H=HH®,3048-4,016

T=TT-9.159

W=wweTT/6.283185

IF (4.6T.0.05) GO TO 2

SEAST=0.

RETURN

IF (W.lLE.4.0) GO TO 3

SEAST=0.

RETURN

CONTINUE

N=INT (W/.05)

DO 1 I=ie2

M=Ne+I=-])
FOI)=AV0(M)*ALO(M)*H+AQL (M) PTSAZQ(M)BH*H+ALL (M) *HOTeAD2 (M) 2T=T
S=F(L)+(F(2)=F (1)) 2 (W=N*,05)%20,
SEAST=5%HH#*%22TT/101.1593
RETURN

END
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BLOCK DATA SEASTOM
COMMON/SSGM/A00(8C) sAL0(80) +AD)L (80) +A20(80) A1) (B0)+A02(80)

DATA AU0/0¢90.9.000019000018+.001339.00324+4.00709+.01325+.020618%
160533690116419025039049430.8305491e2319501.59871+1.7995501.76253
2[-5676&'1o3oe3l’l007908009l78".777330.668100.57J26‘0Q9£°9'-“3533'
3.384829.331839.282879¢252309.232059.216584.20379.19481+.183710
4e173509016129941475294143279013558+4120914.106979.09764+.09052,
5:083729.0764694068849.099329.051509.043509,036609,03037+402363,
6.018319a0146694011179.008299.0056194003959.002839.002259.00143,
7¢000579.000069~+000619=200032+-2000129=e000059=¢0003¢e=,00059
8-.00077+-e000979=2000809=2000479~c000329=2000229~e00014+=-,00008,
9-.00003/

DATA Al10/0.090009-0000019~400004+4~-400043+~.00134, .00255, .00387,
1=.005635=.004759~0000179000901+.026299049939,06652,.06000+.03906,
2¢004679~e03727+-e009269~0079639-4064249-:052059~+043329-+03261»
3=e018579~001263+=¢00911+=c008019~e003369.00342++00539¢¢004589000%»
4.006529400907+.009239.010849,016139,01451+.010635,008395,.00592,
5.0053294007149.008779,010079601077940100194009239.007505.00467,
6e0017594000349.,000669¢001069.00095+.000904.001029.00091+.00068,
7.0003694,000509¢000779¢00093940007394000279400018+,000159400003+
8-¢00009+=.000135-.000135-,000099~,000069=,000039=.000019=,00001+
90.050.0/

DATA A01/0¢090.0+.000019¢0000390¢0¢=2000675-20024+~.00558,=,00822
[=¢01065v=e011699~.0124]9-.006649,012789.039749,069995,08177+.,0558,
2.018419.00279=,002769=-0015229-4035249-003485+=.031899=.03983»
3~e035549-e030059-.028229-¢028649=c027879=0022319=+01716¢~,01219
4=e010989y-.01213+9~.010619-4013179-.020219-,008129,003449,00783+
5.010839.011909.011139.0102194.00988+6009309.011159,011529.011064»
6011935.01243+.011899.010544.009139.007859e006749,005549.00475+
74004229.00403+.003459.002569.0018449,001299400124+.001209,00109
84000939.000739.0005190000¢79.000219¢0002394000219.000179.00013
9.00007'.0000‘/ . X

DATA ‘20/0.00-’00000'000000005’00000900000160000035'0000330.000229
140007992001729.00417+00048)14e001199=a00669=400935+-¢006049=400044,
2.001889.00049+.000219=¢000210=e00039=e001079=e00137¢~.000815
3.001319.002519.00183+.000209=2000639~200076+=000879~40006+=.0005,
4.000139.001089.00059=¢00001+200023+.00042¢.000464.00045¢400052+
5¢00039.000179=¢000029-e00015+=c000119400002y.00011+.00008¢=-.00012+
6-0000289=4000129¢00011+¢000369.00049.00035+.000139.00027¢.,00054+
7¢000589.000609=-2000039=,0001494=00001+4000019+00014+.00029.,00022+
8.000159.000049=2000019=200003+-2000039=2000029=e00001/

DATA wl1/0¢¢0e9029.00002+.000c90000410000077940011294001%69+00103¢
1-6001039=¢006079=e013879~4024949=002849+=,013662,012500+024140
2:025139.017859001365+60136994012879601199.009149.006040,004414
3.0022(".003030'.0075“".00807"-00‘030‘.000679.000‘60.00026’
4=0000869=.000969=000310=e007989=e005449~:00238+-.00232+-.00222+
5-000222¢=.0028]1¢=0003499~=,003249=0002929=e001999=2201469=4000110
6-¢000949=.000479=2000079 000319400056 9e000199=a00UZBe~eOV0T73s
71-e000759=e000599=e000109=c000169=e000550=0000549=20003y.0003»
He000689,00036+.000169=0000029~e00019=e00011e=.00005+.000069.00013»
9.000‘50.000]‘0.00009..00005/

DATA A02/0490490.+=2000049-4000219=000016¢40002794001%+.00193,
l-00lﬂbo.000820-00062;-.000420.00626-.006560°.00658¢-.02162o-.0177.
C=e011060=0004119e000164.00259¢40UB45¢4008]189.00926+4013064.01064»
3¢007769400819+2009959¢00943+.005859¢002229=¢000119=000139+=.00171s
4=0003149¢=c001839000268+-000207+-0006149=-00063+-4006159-.00599
S5=e0053¢9=e006320=000360~,00299=eU039=e002679=e0UCILo=a00LT71s
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6-e001459=.000959=0000439=2000019e0U05L+e000949,00126¢,0013%0
TeU0L133¢.0011dve0010B9se001049.00UY9.000780.0006¢20000590G00%4y
8.0006434.0003594000¢994000259.000€C5+00018+40001%9+000089,00004+
9.00002+.000017/

END

SUBRCUTINE ZERO (N eB22+B44+B66)
COMMUN/NEWHE/F IAVeYANAVISWAYAY
COMMON/NEWS/0AM (D) 95(6) 2SA(B) eY(6) +Z(6) sNFSeB(6) 9COSS(H6) 9SINGI6)
CUMPLEX B229B44sbbb

DO 1 I=LsNFS

T=.8488"w#5(1)

P=GAM(1)/57.3

IF(I.LE.3)GO TU 94
IF(1.GT.4)GO TO 95
YR=Y(I)=o5%8(1)%COSS(I)
ZR=Z2(1)+.5*8B(I)®ABS(SING (L))
YRR=YR#COSS (L) ¢+ LR*SING(])
BB=4(1)

GUTO 96

CONTINUE

BB=2.%8 (I}

YRR = =Z(I) - B(I)

CONTINUE

ARM3z= ( (YRR+BB) #94=-YR®%4) / (4 ,.%H0)
B44=844+)] 1 7T*T2ARMI®F [AV

GO TO 3

CONTINUE

SI=TAN(P)

Se==Y(I1)1/2(])
ALF=ABS((S2=-51)/(1.+S51I%52))
ALF=ATAN(ALF)
ARM=SURT (Y ([)#%2+2(])2®2)
B44=Baa+TPARME232CNS (ALF) #F [AV
CONTINUE

ALF=ABS (P)

T=T*CNS (ALF)

B22=822+T#SWAYAV
B66=B66+T#YAWAV® (ABS(SX (L)) ) ##]3
CUNTINUE

RETURN

ENU

FUNCTIUN CNS(ALF)
A=5T7.3%ALF
IF(AJLTL40) GO TO 1
CNS= ] 172SINC(ALF)
KETURN
CNS=,04672A%S[N(ALF)
RETURN

END
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FUNCTION SDAMP (wsB)
DIMENSION F(16)

T A 2 AT AR = 1 A T g e BBV

DATA F/0e09e0249.0498902989¢5749¢90501e12491e23891423891.16791.071

'0.9810.8930.8210.7410.6861
T=wWewed/32.2

IF(T.6T.0.0) GO TO |
SDAMNP=0,0

RETURN

P=T/0.1+1.0

N=INT (P)

IF(N,LT.15)60 TO 2

N=15

C=F (N)+ (P=N)®(F (N+1)=F(N))
IF(C.GE.0,0)G0 TO 3

C=0.0

CONTINUE

SDAMP=C#wed

RETURN

END

FUNCTION CLALF (AOsA+2ZP])

AOPI = A0/3.141593

CLALF = AQ®A/ (AQPI®ZP]1+SQRT (A#22+AQ0P®52))
RETURN

ENO

FUNCTION BIPL (H)

BIPL = (1.0=¢66%H)/(1.055¢3.7%H)
IF (BIPL .GE. 0.0) GO TO 1

BIPL = 0.0

RETURN

END

SUBROUTINE FLAP(PsT1sT4sTT7,78+T10sT11)
p2=Pap

X1=SAKRT (1 .=-P2)

X2=ASIN(X1)

Ti==X12(2.+P2)/3.+P®X2

Ta==X2+PoX]

T72=X20(,125+P2) +,1254P#X1® (T.+2.%P2)
TB=~X12(].42.2P2)/3,+P#X2

J10=X1+X2

TLI1=X2%(1.=2.%P)*(2.,-P) X1

RETURN

END
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SUBROUTINE THeUUUN(AQ.CKsSE)

COMPLEX AI9sCoCH9sC396966eG35GIsLKySE
Al = (Qe09l.0)

Ql=Al®u
C=1.0-QI*(.165/(.065+QI)+a335/(.3+Ul))
C6=1.0=e361%UG1/(381+Q0)
C3=1.0-.283%U1/(.54+0U1)

G=1e0-GI®(4236/(.058°Q1)*¢513/(.364+Q[)+.171/(2.42+4l))
G6=1,0-GI?(.448/(.29¢Q1)*.272/(.T725+01)*.193/(3.0¢01))

G3=1.0-0I%(679/(.5584+Q1)+,227/(3.2+Q1))
AC=CABS (C)

PC=ARGD (C)

AC6=CAdS (CH)
PC6=ARGD(CSE)
AC3=CABS(C3)
PC3=ARGD(C3)

AG=CABS (G)

PG=ARGD (G)

AG6=CABS (G6)

PG6=ARGD (G6)
AG3=CABS(G3)
PG3=ARGD(G3)

IF (A .GT. 6.0) GO TO 1

AF = F36(AyAC3,ACH)

PF = F36(AyPC3,°PC6)

AG = F36(A9AG39AGE)

PG = F36(AsPGIIPG6)

GO 7O 2

CONTINUE

AF = FGT6(AyAC3+sACH9AC)
PF = FGT6(AYPC3+PCHIPC)
AG = FGT6(AYAG39AG6HAG)
PG = FGTo(AsPG3+PGEPG)
CONTINUE

CK = AF®(COS(PF) + AI®SIN(PF))
SE = AG®(COS(PG) + AI®SIN(PG))
RETURN

END

PROTSEU
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;
st FUNCTIUN F36(AsY3,Y6)
3 F36 = Y3 + (Yo=Y3)/3.0%(A=3.0)

RETURN

END

o

FUNCTLIUN FGT6(AsY3yY6,5YC)

S = (Y6=Y3)/3.0 ) :
AA = 12.0%(Y6=YC + 3.0%5) ;
8 = -36.02(6.,0%S + Y6 - YC)

FGT6 = YC + AA/A + H/A®®2
RETURN

END

FUNCTION ARGD(Z)

. COMPLEX Z

34 : X=REAL (2)
Y=AIMAGIZ)

ARGD=ATANZ2(YsX)

RETURN

END
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& SUBROUTINE huLLI
E COMMON/GR/NUT s idUNyCAY s AMCoDFCoYA(C5eH8) 0o LA(290H)
kS COMMON PLoHPL oGP Ly TP oMU MOUE yUPHeCRIRAT o SURSLEL [SToURT 9HBMeSU N
:" 10EoPDMeVOL sDEWIUNyCMEGAsCPoWVRo LD WDO0GYyIGa XA (2SS T) oYY (254+7) oDEL (250
:} 2T) 9SNE (259 7) 9CSE(Z5¢T7) oFR(T) 9dLOU(25¢T97) o YLUG(25eTe7)eCON(LD91)oC
3T(149147oPSIL(T797)9PSI2(Te7)sPRA(T)4PRV(T)
COMMON/NEW/ XA (25) yDXA(25) s XCOsELINSToHCGoCo44HoDISP 4RHO
COMMON/NEWG6/FIAVIYANAVISWAYAY
HPI=,5%P]
WPI=.5%HPI]
67 READ(S5+13)GMIN
WRITE(6+4206)GMIN
E i READ(Ss13)FIAVIYAWAV.SWAYAYV
E WRITE(6+207)FIAVsYAWAVsSWAYAV
YAWAV=YAWAV/S5T7,.3
FIAV = FIAV/57.3
READ(5+201)NST
DO 1 IST=]1eNST
READ (5+44)XA(IST)
READ(S5913) (YA(ISTeu) sd=148)
READ(Ss13) (ZA(ISTed)9sd=198)
WRITE(69205)XA(IST)
| WRITE(64+36)
= WRITE(6e13) (YA(ISTsJ) vJd=1+8)
4 WRITE(6+37)
1 WRITE(6913) (ZA(ISTsJ) 9J=1+8)
E DO 4S5 I=1sNST
% 45 XA(I)=XA(I)®EL/20.
] DXA(1)=,5%XA(2)

FIREHGIHSE

KRR PR LA AR

3 NP=NST=-1
4 DO 65 I=24sNP
3 65 DXA(I)=5%(RAl1*]1)=XA(I~-1))
ODXA(NST)=EL~S® (AA(NST) +XA(NST-1))
00 66 I=1.+1ST
66 XA(I)=XCG=AA(I)
K NON=7
| NUT=8
E DO 424 I=14NST
D0 424 u=1sNUT
3 424 ZA(1eJ)=ZA(1eu)=ZA(IsNUT)
34 NOE=29%NON
k. CQ‘"'0.0
DO 90 IST=14NST
- Cae=0.
= 00 89 I=1yNON
XINT=YA(ISTol+1)=YA(ISTHI)
R YINT=LACISToI*1)=2ZA(ISTeI)
DELC(ISToI)=SURT(XINT®*XINT*YINT2YINT)
2 SNE(ISTsI)=YINT/DEL(IST,I)
4 CSE(ISTol)=XINT/DEL(ISTs1)
AX(ISTol)=eS*(YAULISTelel)+YA(ISTHI))
YY(ISTel)=eS5*(ZA(ISTeIel) ¢ZA(ISTHI))
2 89 CosXX(ISToI)# (XINTHXK(ISToL)+YINT2(YY(ISTo1)=hCG))+Ca
% 90 C44H=CubH*664,4*Ce=UXA(IST)
3 GMCALC=C44H*RHU/ (2240.20D1ISP)
WRITE(6+208)GMCALC
IF(GMINJ.LE.0.,0)GO TO 230

T o e
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= C44H=2240.°015P°LMIN/HHO
230 CONTINUE
SG"]. . 0
MD=2
CR=0
; DPH=0.
b DO 300 IST=1leNST
3 4 DO 301 J=1sNUT
YA(ISTJ)=YA(LISTsJ) /EL
2 301 ZA(ISTeJ)=ZA(ISTHJ) /EL
E | DO 302 J=1sNON
DEL (IST+J)=VEL (ISTHJ) /EL
AX(ISTeJu)=XX(ISTeu) Z/EL
302 YY(ISTeJ)=YY(ISTeu) ZEL
CALL FINO
300 CONTINUE
RETURN
13 FORMAT (8F10.4)
36 FORMAT (1H0 +5X99HABSCISSAS)
g 37 FORMAT (1HO0 95X s 9HORDINATES)
E | 44 FORMAT (F10,3)
E ) 201 FORMAT(I2)
20S FORMAT (1HO 9 7THSTATICONsF6.2)
206 FORMAT (/SX*GMIN=°F8.4)

PR RS SIRES A A PSS

207 FORMAT (/SXPFIAV=2FB .4 sSXPYAWAV=#FB.49ySX?SWAYAV=#F8.4)
208 FORMAT (/5X2GMCALC=%F3.4) -
END
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SUBROUTINE HULLWw

CUMPLEA B22+8243b26+864+B469862+8064,866

COMMON/GR/NUT sNUNYCAY s AMCoDFCoYA(25498) o ZA(2598)

COMMON PIsHPLI+GPIoTPIsMDIMUDE sDPHeCRsRAT s SURSLUEG ISTeDRIsHBMeSGolv
10EyPOMsVOL sDE W s UNIUMEGACP owVh o LD 9DUG s TG e XX (259T7) e YY (2597) yDEL (25,
2T) oSNE (259 T) 9CSE (290 T7) sFR(T) sBLULICS 9T eT) s YLUG(2S9TeT) +CON(Lav1)sC
AT(Lasi6) aPSIL(7e7)IePS512(Te7) oFPRA(T) PRV I(T)

COMMON/NEW/ XA (25) sOXA(25) ¢ XCOWELINSTIHCOIC44HIDISP s RHO

COMMON/NENZ/“vU9A£20922|A249ddkch&b!8269A“kvd%%oA“va“by
lAG2+B62vA649804vADOIBOEEWEF (10)

COMMON/NEW3/A22F s A24F s A26F s A44F sA46F 4 A6 SF

DIMENSION ER(3925)2FI(3925) 9yHR(3e25)9HI(3+25) 9vAM(3+25) sUF (3925)

Q=w®n/32.2

WL=TP[#232.2/We=2

DD=EL

CAY=Q+-0DD

UN=CAY

OMEGA=SQRT (UN)

DO 100 IST=1eNST

DG 100 MODE=2+3

GO TO (303+303+304)MUDE

00 305 J=1yNON

FR(J)==SNE(ISTsJ)

GO TO 8V

DO 306 J=1yNUN

FR(J)*(YY(I)Tov)'HLG/DD)‘SNt(ISTpd)’XK(ISToJ)“LSt(ISTvJ)

CALL FREQ

ER(MODEIST)=0.

FI(MODE«IST)=0.

HR (MODEIST)=0.

HI(MUDE+ISTI=0.

DO 41 I=1,NON

Q2=EXP (CAY®YY (ISTo1))#DEL (ISTsI)#*#32.2*DD

Q3=CAY®XX(ISTH )

Q4=SIN(Q3)

@5=C05(Q3)

Q6=SNE ([SToI) #uS=CSE(IST,I)#U4

FI(MOUE IST)=FI(MOCELIST)=FR(][)*uw2®Qs

HR (MODE s IST) =HR (MOCL+IST) +Q2%PRV (1) ®#Q6

HI (MODE s IST)=HI (MODESIST) +G2%PRV([)®Q6

GO TO (50+50+51)M00E

AM (MODE + IST) =AMC*DD®DD

DF (MOLE+IST)=w*DFC*DD®*DD

GO TO 100

AM(1eIST) =0

DF(1e15T) =0,

ER(3sIST)=DO®ER(39IST)

FI(3«1IST)=DO®FI(341IST)

HR(341IST)=DD*NR(3+1ST)

HI(34IST)=DD*HI(34LST)

00 52 I=1+NUN

AM(LoIST)I=AM( L« IST)=SNE(ISToI)BPRA(I)PDEL(IST,I)

DF(1eIST)=0F (LsIST)=SNE(ISTeI)#PRVIT)IBDEL(ISTHI)

AM( Lo IST)I=AM( Lo IST) #0644 # (DU/ W) #8Q2

DF(1aIST)=0F (LeISTI®HhG,4%00%42/nm

AM (MODE « IST) =AMCopUR 24

OF (MOUE+ IST)=DFCoUD® R4 oW

60

e — Lottt i i - i, i, o o ol i) o e i et G 3

A




il

ST, ey

o) i

e At i

e .
-
1
4
1

O RS

100

307

308

103

CONTINUE

UwWzU/nWee2

A22==Un=DF (29NST) «+A22F

B22=U®AM(24NST) +B22

A24==UW=DF (1 9NST) +A24F

B24=U#AM(14NST) +B24
A26==Uw?XA(NST) #DF (29NST) +URUw2AM(29NST) +A26F
B26=U*XA(NST) *AM(24NST) +USUWHDF (29NST) +B26
A44==UWHDF (39NST) +A44F

B44=U®AM(34NST) +B44

AL6==Uw XA (NST)*DF (LyNST) +USUNRAM (] 4NST) ¢A46F
B4a6=URXA(NST)#AM (1 9NST) +USUWSDF (1 yNST) +B46
A62==UW#XAINST)®DF (2.NST) +A26F

B62=U*XA(NST) *AM(2¢NST) +B62
A64==UWPXA(NST) #DF (19NST) +A46F
B64=U®XA(NST)*AM(1sNST) +B64

A66==UN XA (NST) ®##z220F (29NST) +L2UWBXA (NST) #aAM(29NST) *A66F
BO66=U®XA (NST) #428AM (2 yNST) +UPUN2XA(NST) #DF (2sNST) +866
U2=2.%u/w

EF (1) =U2%HI (29NST)

EF (2)==L2#HR (24NST)

EF (3)=U2%HI (34NST)

EF (4)==U2%HR (34NST)

EF(5)=EF (1) #XA(NST)

EF(6)=EF (2)#XA(NST)

CONT INUE

DO 103 IST=19NST

XOX=XA(IST)®DXA(IST)

XDX2=XA(IST)##*22DXA(IST)

D2=2.*DXA(IST)

A22=A22+AM (24 IST)#DXA(IST)

B822=B22+DF (24IST)#DXA(IST)
A24=A24+AM(14IST)*DXA(IST)
B24=B24+DF (19 IST)#*DXA(IST)
A26=A26+AM (29 IST)*XDX+UW2DF (2 IST)*DXA(IST)
B26=B26+DF (29 IST) *XDX~=U#AM(2+IST)*DXA(IST)
AG4=A44+AM (39 IST) *DXA(IST)
B44=B44+DF (30IST)®DXA(IST)
A46=A56+AM (19 IST)*XDX+UWSDF (19 IST)eDXA(IST)
B46=B46+DF (1o IST) “XDX~U#AM(19IST)®DXA(IST)
P62=A62+AM (29 IST) #ADX=UWRDF (24 [ST) *DXA(IST)
B62=B62+0F (24 [ST)#XOX+URAM(24IST) #*DXA(IST)
A64=A64+AM (19 IST) 2ADX-UW*DF (14 IST)#DXA(IST)
B64=B64+0DF (1o IST)#XDX+U#AM(1+IST)=*DXA(IST)
AS6=A0D+*AM (29 IST) *XDX2+URUWRAM (2 IST) ®DXA (IST)
B66=BAA+DF (24 IST) #XOX2+U*UNSDF (29 IST)#DXA(IST)
EF(L1)=EF (1) +D2* (ER(29IST)+hR(241IST))

EF(2)=EF (2) +U2# (FI(2yIST) +HI(24157))
EF(3)=tF (3)+D2% (ER(3+IST) +HR(34IST))

EF (4)=EF (4) +D2# (FI(34IST)*HI(34IST))

EF (S)=EF (S) +D2% (XA(IST)# (ER(29 [ST) +HR (24 IST) ) sURRI(2IST) /w)
EF(6)=EF (6) +D2* (KA(IST)#(FI(2¢IST)+HI(2+IST))=URHR (24 IST) /W)
RETUKN

END
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SUBROUTINE FINU
COMMON/GR/NUT s NUNSCAY s AMCoDFCoYA(25498) 9ZA(2541)
COMMON PLsHPL ouPl o TPIoMDoMOUE sLPHoCRIRAT s SUROLEGY [SToURT orBMySG 9N
LOE sPDMoVOL yDEWIUNSOMEGASCP oW VH o IDIVO0GY [Go AR (299 7) aYY (ZDe7) sUEL (50
2T) oSNE (2597) 9CSE(250T7) oFR(T) 9BLUG (2907 oT7) o YLOG(LDeToT7) sCON(LGs 1) sC
3T(16914) oPSIL(TeT)sPSIZ(ToT) oPRA(T) oPRV(T)

00 1 I=1+MNON

XMLI=AX(ISTel)=YA(ISTs1)

YM1=YY(ISTeI)=ZA(IST])

Kl=XKA(ISTel)+YA(ISTe1)

YPLl=YY(ISTeI)+ZA(ISTH1)

FPRI=.5%ALQU(AM] #82eYM]D0R2)
FPLL1=.,S®ALOG(AP®22+YM]482)
FCR1=,S%ALOG(XM]222+sYP]#02)
FCL1=.5%AL0G(XP1202+YP]®082)

APR1=ATAN2 (YM] s XM])

APL1=ATAN2(YM]l +XP]l)

ACR1=ATAN2 (YPl sXM])

ACL1=ATANZ2(YPlyXP1)

DO 1 J=1+NON

AM2=XA(ISToI)~YA(ISTeJ+1)
YM2=YY(ISTeI)~ZA(ISTeU+1l)

AKP2=XX(ISToI) +YA(ISTeJ+])

YP2=YY (IST91)+ZA(ISTyJ+1l)

FPR2=,5%AL0OG (AM2#22+YM2822)
FPL2=.5%ALOG(XP2782+eYM2822)

FCR2=.5%ALOG (XM2%#42+YP2#42)
FCL2=.57AL0G(XP2222+YP2802)

APR2=ATANZ2 (YMZ s XM2)

Jl=Jel

IF(XM2.6GT.0.01060 TO o

IF(J1.GT.I) GU TO o

IF(YM2.,LT.0.0)APRZ=APR2+TP]

GO TO S
6 IF (YM2,GE+0.0) APR2=APR2-~TPI
5 IF(YP2.,LT.0.0) GO TO ¢
ACR2=-P]
GO 70 3
4 CONTINUE
ACR2=ATAN2 (YP2yXM2)
3 CONTINUE

ACL2=ATANZ2 (YP24AF2)
APL2=ATANZ2 (YMZyXPF2)
SIMU=SNE (ISTeI)2CSE(ISTsJ) =SNE(ISTeJ) *CSE(ISTHI)
CIMJU=CSE(ISToI)2#CSE(ISTsJ) +SNE(ISTHI)ROSNE(ISTHU)
SIPJ=SNE (ISToI)*CSE(ISTsJ) +SNE([SToJ) #CSE(ISTy L)
CIPJSCSE(ISTol) *CSE(ISTeJ)=SNE(ISTL[)*SNE(1STyJ)
DPNR=S[MJ® (FPR]I=FFPR2) +CIMU® (APR]1~APR2)

99 PPR=CSE (ISTeJ) # (XM12FPR]1=YMIPAPR]L=XML=XM2#FPR2+YM2*APRZ +
IXMZ) #SNE(ASToJd) 2 (YMIPFPRISAMIHAPRLI=-YMLI=YM2#FPR2=-XM2BAPR2+YM2)
OPNL=SIPJU* (FPL2=FPL1) +CIPJU® (APL2-4PL])
PPL=CSE(ISTsu) #(XP2OFPLL-YM2#APL2=XP2~XP1#FPL1+YM]1=APL]+
LXPL) +SNE(ISTeU) & (YMLIOFPLL*XPLYAPLL ¢YM2=YM2RFPL2=-AP2®APL2=-YM])
DCiwwk=5]1PUS (FLR1=FCr2) +(IPuU®* (ACK]1=-ACR2)
PCR=CSE (ISTeJ) ® (XMI®FCRL=YPL2ACRLI=XML~XM2#FCR2+YP2®ACK 2+
1XM2) *SNE (IST»U) # (YP29F LR2+XM2#ACKZ+YPL=YP12FCRI=AM]I#ACK]L=YP2)
DCNL=SIMJ® (FCL2=-FCL1) +CIMU* (ACL2=-ACL])

62
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PCLCSE (IST o) (XP2RFCL2=YP2RACLR2=AP2=API®FCLLI+YPLI®ACL | *XP
L1)*SNE(ISToJ) #(YPZRFCL2+XP29ACL2~YP2=YPL®FCLL1=-XPL1®ACLLeYP])
BLUOG(LSTeleu) =DPNR+SG*DPNL-DCNR=-SG*DCNL
YLOG(ISToI9J)=PPR+SG*PPL~-PCR=SG*PCL

IF (U=NUN) 2ol 50

AM1=AM2

YMl=YM2

XPl=xXpr2

YPl=YP2

FPR1=FPR2

FPL1=FPL2

FCR1=FCR2

FCL1=FCL2

APR1=APR2

APL1=4PL2

ACR1=ACR2

ACL1=aACL2

CONT INUE

RETURN

ENDL
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SUBRUUTINE FHEJ

CUMMON Plvhfl~u91vTPloMD-HODtouPhoLR-RDY-SUNthbplST-DnToHdH'SU,N
LOE+sPDMovOL sLEWYUNIOMEGASCP oy aVHe ID9D0G s IGe XX (25 T) oYY (2549 7) sl (25
CoT) sSNE(25¢7) oLSE(25e7) oFR(T7) 92LUG(259797) o YLOLI(2997¢7) +CON(L1%0e1l)
39CT(L139)4)sPSIL(T797)ePSI2(T7+7)sPRA(T) sPRVI(T)
COMMUN/GR/NUT 9 NUN9CAY 9 AMCIDFCoYA(2598) v ZA(295,8)

DO 1 I=1+NON

NI=NON+]

CUN(Tel)=0.

CON(NIo1)=0OMEGA*FR(])

XRLI=UN® (XX (ISTeil)=YA(ISTsl))

YR1==UN*(YY(ISTsI)+ZA(ISTs1))

XL1I=UN® (XX(ISTsI) «YA(ISTy1))

YLI=YR]

CALL DAVID (XRLeYRLIEJUL9CXRL9SXR] +RARL9RBR] ¢CK]19SR])

CALL DAVIOD (XLLlsYLLoEJloCXLLoSXLLsRALLeRBLLSCLLISSLY)

D0 1 J=1sNON

NJ=NON+J

XR2=UN# (XX (ISTol)=YA(ISTeU+1l))

YR2==UN®(YY (ISTe1)eZA(ISTeJ*1))

XL2=UN#® (AX(ISTel) «YA(ISTeJel))

YL2=YRZ

CALL MDAVID (XR2+YR24EJ29CARZesSXR2+sHAR29REBR29CR29SR2)

CALL ODAVIO (XL29YL2obEJ2+CXL29SXL2IRAL2sRBL2sCLL2eSLY)
SIPUSSNE((STeI) #CSE(ISTeJ)+SNE(ISTeJd) #*CSE(ISTHI)
CIPJU=CSE(ISToI)*CSE(ISTeJ)=SNE(ISTeI)#SNE(ISTeu)
SIMU=SNE(ISToI) *CSE(ISTeJ)=SNE(I5T9J)*CSE(ISTH1)
CIMU=CSE(ISTo1) “CSE(ISTeJ) *+SNE(ISToI)ASNE(ISTsdJ)
CT(Iod)=BLOG(ISTeled)*2.#(SIPUB(CRL=CR2)=CIPJI#(SKR1=5SR2)=-562(SI]
MU (CLL=CL2)=CIMJU®(SL1=SL2)))
PSI1(Ieu)=YLOG(IST oI sJ)+2./UN®(SNE(ISToeJ)®(RARLI=-RAR2)*CSE(ISTeJ

1) 2 (RBR1-RBR2) *+SG= (SNE(ISToJ) # (RALL=RAL2) +CSE(IST,J)# (RBL2=-RBLI1)}) .

CT(NIeNU)=CT(LIsd)

CTUIeNJ)=TPI®(EJ22 (SXR2PCIPJU=CXR2®SIPUI=EJ]®(SARL*CIPI=-CX
IR1#SIPJY)=SGP (Eu2® (SXL22CIMU=-CAL2*SIMJ) ~EJL® (SXL1#CIMJI=CXLL
2%S51IMJ)))

PSI2(IeJ)=TPL/UN®(EJLI# (SXRLI¥CSE(ISToJ) =CXRL#SNE (ESTeJ) ) -EJ2*®

l(SARZ'LSE(ISTOJ)-CARZ'SNE(IST'J))-SG'(&JI“(SXLI’LSE(IST'J)OCXLI'SN

CE(ISToJU) ) =EU2® (SXL2®CSE(ISTeJ)+CXL2*SNE(ISTHyU))))
CT(NI+J)==CT(IsNJ)
IF (J=NON) Tslel
XR1=XKR2
YR1=YRK2
XL1=XL2
YLI=YLZ
EJl=EJ2
CrR1=CR2
SR1=5ke
CL1=CL¢
SL1=SL2
RARl=RARZ
RBR ] =RbR2
RAL 1=RALZ
RBL1=RBLZ2
CAR]1=CLXRZ
SKR1=5kk2
CALI=CAL2

P ————————
. zjad Rk i
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3 SXL1=5KLe .
- 1 CONTINUE
= CALL MATINV(CTsNOEsCONs1sDUGYLE) 4
b GO TO (2+6) 410 :
2 DU 3 I=1+NON

PRA(I)=0.

PRV (1)=0.

DO 4 J=1+NON

NJ=NON+J

PRACI)=PRA (L) *CUN(Jy1)#PSI2(1+J)~CONINJ» 1) #PSI1(Led)
4 PRY (1) =PRV(I)+CON(Jy1)#PSI1(1sJ) +CON(NJs1)#PSI2(IsJ)

PRA (1) =OMEGA®PRA ()
3 PRV (1) =0MEGA®PRV ()

AMC=040

DFC=0.0

DO 5 1=1.NON

AMC=AMC+PRA (1) #DEL (IST,I)#FR(I)
s DFC=DFC+PRV (1) #DEL (ISTs 1) #FR(I)

AMC=2.,0%AMC

DFC=2.0%DFC

AMC=AMC /UN

DFC=DFC/UN
6 RETURN

END
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C DAVI - COMPUTAITLOUN UF FREQUENCY DEPENDENT FARTS UF

5 C 2-D POTENTIALS AND KERNELS

2 SUBROUTINE DAVID(ReYsbeCsSeRAsHBCINgD>UN)

b AT=ATANZ (XsY)

ARG=AT-1,5707953

E=EXP (=Y)

C=COS(4)

S=SIN(X)

R=Xou2syo82 L]

5 TEST=0.00001

2 IF(ReLT.1.0) GU TC S

3 TEST=0,12TEST

IF(R.LT.2.0) GU TO 5

TEST=0,12TEST

b IF(R.LT.%440) GO 10 S

& TEST=0.1°TEST

» S AL=0.5%ALOG (R)
SUMC=0.57T721560%AL*Y
SUMS=AT+X

- TC=Y

k| TS=x

i DU 1 K=1+500

TO=TC

COox=K

CAY=Ke+]

FACT=COX/ (CAY=CAY)

: _ TC=FACT2(Y®TC~xeTS}

ui TS=FACT# (Y®TSeXeTQ)

SUMC=SUMC+TC

SUMS=SUMS+TS

N IF(K.GE.500) GO 10 3

- IF((ABS(TC) +ABS(TS)) ,GT.TEST) GO TO 1

k 3 CIN=E® (CASUMC+52SUMS)
SON=E® (S#SUMC-C2SUMS)
RA=AL-CIN

_ RB=ARG+SON

& GO TO &

E 1 CONTINUE

4 RETURN
END
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SURPQUTIME MATINV (A«NRBsNCNETFRM, D)

MATRIX INVFRSINOM WITH ACCOMPANYING SOLUTION OF LINEAR EQUATIONS

PIVNT METHOD

FORTRAN IV SINGLE PRECISION WITH ANDJUSTABLE OIMENSION

FEBRUARY 1945 S GOOD DAVID TAYLOR MODEL BASIN
WHERE CALLING PROGRAM MUST INCLUDE

DIMENSTION A(NRsNR) s B(NRsNC) 9 INDEX(NRs3)

N 1S THE ORDER OF A

AM MATS

IS THE NUMBER OF COLUMN VECTORS IN B(MAY BE 0)

M
DETERM WILL CONTAIN DETERMINANT ON EXIT

10 WwILL BE SET BY ROUTINE 70 2 IF MATRIX A IS SINGULAR

1 IF INVERSION WAS SUCCESSFUL

A THE INPUT MATRIX WILL BE REPLACEC BY A INVERSEE
8 THE COLUMN VECTORS WILL BE REPLACED BY CCRRESPONDING

SOLUTION VECTORS
INDEX WORKING STORAGE ARRAY

IF IT IS DESIRED TO SCALE THE DETERMINANT CARD

MAY BE

DELETED AND DETERM PRESET BEFORE ENTERING THE RCUTINE

EQUIVALENCE (IROWsJROW)s (ICOLUMsJCOLUM) s (AMAXy Ty SWAP)

DIMENSION A (NRsNR) «B(NRsNC) + INDEX(3043)
N1=NR
M1=NC

INITIALIZATION

N=N1
M=M1
DETERM = 0.0
DO 20 J=1,N
20 INDEX(Je3) = 0
DO SS0 I=1.N

SEARCH FOR PIVOT ELEMENT

AMAX = 0.0

DO 105 J=1.N

IF(INDEX(Jes3)=1) 60y 105, 60
60 DO 100 K=1,N

IF(INDEX(K+3)=1) 80s 100, 715 )
an IF ( AMAX =-ABRS (A(JsK))) 85, 100s 100
85 IROwW=J

ICOLUM =K

AMAX = ABS (A(JsK))

100 CONTINUE
105 CONTINUE

INDEX (TCOLUM,3) = INDEX(ICOLUMs3) +1
INDEX(Te1)=TROW
INDEX (Te2)=ICOLUM

INTFRCHANGE ROWS TO PUT PIVOT ELEMENT ON OTAGONAL
TF (IROW-ICOLUM) 140+ 3109 140

140 NETERM==DETERM
no 200 L=1.N
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TS

o000

[aNeNe]

ano

200

210

250

310
330
350

360
370

380

400

450
460

500
550

630

705
710

720
730

810
715

SWAP=A(TROW.L)
A(IROW.L)=A(ICOLUM,L)
A(ICOLUMGL) =SWAP

IF (M) 310. 310, 210
N0 250 =1y M

SWAP=3 (TROW.L)
B(TRPOW.L)=R(ICOLUM,L)
B (ICOLUM.L)=SWAP

DIVIDE PIVOT ROW BY PIVOT ELEMENT

PIVOT =A(ICOLUM,ICOLUM)
DETERM=DETERM®#PIVOT
A(ICOLUM,ICOILUM)=1,0

DO 350 LL=1,4N
A(ICOLUMLL)=A(ICOLUM.L) /PIVOT
IF (M) 3R0s 380« 360

NO 370 L=1+M
B(ICOLUM.L)=R(ICOLUM.L) /PIVOT

PEDUCE NON=-PIVOT ROWS

NO 550 L1=1sN

IF(L1-ICOLUM) 400s 550+ 400
T=A(L1sTCOLUM)
A(L1+ICOLUM)=0.0

DO 450 L=1sN
A(L1sL)=A(L1,L)=A(ICOLUMsL) #T
IF (M) 550+ 550, 460

DO 500 L=1.M
B(L1sL)=R(L1+L)=B(ICOLUM,L) #T
CONTINUE

INTERCHANGE COLUMNS

DO 710 I=1,N
L=N+1-1 %

IF (INDEX(Le1)=INDEX(Le2)) 630, 710, 630
JROW=INDEX (L,y1)
JCOLUM=INDEX (L+2)
DO 705 K=1.N
SWAP=A (K JROW)
A (Ko JROW) =A (Ks JCOLUM)
A(KeJCOLUM) =SWAP
CONTINUE
CONTINUE
DO 730 K = 14N

IF(INDEX(Ke3) =1) 715+720+715
CONT INUE

CONT INUF,

10 = 1
RETIRN

1D = 2

GO TO A10

END
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