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ABS~R~~~
p r o v i d e  f u r t h e r  c a p a b i li t y  f o r  p r e d i c t i o n  and anal-

y s i s  of h y d r o f o i l  h u l l b o r n e  se a k e e p i ng ,  a m a t h e m a t i c a l  model  and
c o m p u t e r  p r o g r am  have  been deve loped  to  p r e d i c t  ro l l , sway and
yaw m o t i o n s  of h u ilb o r n e  h y d r o f o i l  sh ips  in beam s e a s .  P r e d i c —

I t i o n s  ag ree  wel l  w i t h  towing  t ank  da ta  f o r  a 1 : 2 0 — s c a l e  model
of t he  PHM h y d r of o i l  c r a f t

r ..
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- 

. Af in d ’accroi tre lea possibil1t~~s de pr~ diction etd’analyse de la tenue en mer des navires hydropt~~res en flot—
taison sur leur coque , on a c~r~~ un mod~ le ma th~ ntatique et un

-
. programme d’ord i.nateur pour pr~ vo ir le roulis , le tangage e t

l’embard~~e des nav ire s hydrop t~~res en mers du travers. Les
-

~ 

pr~ dictions s’accorden t bien avec lea donn~ es obten ues dana un
r~ servoir de remorquage avec un mod~~le ~ l’~~chelle de 1/20 de:r l’hydrop t~~re PHM . 
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• NOTAT ION

A subscr ipt and superscript referring to aftermost
hu l l  sec tion

A
ik 

added m ass coef f icien t

B
ik 

dam pin g c o e f f icien t

C 
k sti f f n e s s c o e f f i c i e nt

CL lift coefficient

CL~ 
lif t curve  slope

C f l a t pla te nor mal f o r c e  c o e f f i c ien t

C~ strut wave—making damping coefficient

C ( k )  Theodorsen ’s function

• F superscript denoting foil contribution

Fj exciting force or moment

GM rnetacentric height

H super sc r ip t deno ting hu l l  con tr ibu tion

1
4 ro l l ing  momen t of iner tia

1
6 yawing moment of inertia

L foil lift , also len gth be tween perpend iculars

N foil yawing moment

S f o i l  area

S ( k )  Sear ’s f u n c tion

T
1 coeff icient dependent on flap—chord ratio

U shi p speed

a
Jk 

sec tional added mass

bik sec tional wave—making damping

b f o il span
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c fo il me an chord

e~ f l a p  e f f e c tivenes s para m eter

f . sectional Froude—Kriloff force
J

g gravitational acceleration

h f o il m ean de pt h

h sec tional dif f r a c tion f o r c e

k reduc ed f r e quency

k wave number
w

~~~~~~ etc. control systems gains

m ship mass

‘
~2~ 

n
3 

y and z components of unit outward normal to hull

p distance from flap hinge line to mid chord semi—
chord

s x — coord ina te of f o i l  mid chord

t time var iable

u wave hor izon tal orbi tal veloc it y

w wave ver tical orbital velocity

compon ent of wav e orb ital veloc ity pe rpend icular
to the f o i l

x , y, z coordina te system (Fig. 2)

r f o il d ihedra l  angl e

fo il angle  of a tt ack

f l a p  d e f l e c tion

rudde r  d e f l e c tion

two—dimensional section potential

wave ampl itude

flap control system damping ratio
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r udder  con trol  sys tem damping ra t io
- 

- wave eleva tion

sway disp lacement

fl g~ roll  angle

fi4 rol l  am plitude

- yaw angle

~ I variable of integration in longitudinal direction

I p dens ity of wa ter

w freq uency of encounter ( = wave frequency fo r  beam
sea)

- 
• f l ap con trol sys tem na tural f r e q uency

rudder con trol system natural frequency
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1. INTRODUCTION

Al though hydrofoil ships will spend some of their op—
erational time in the displacement condition , little attention

• has been paid to the theoretical analysis of hullborne hydro—
foil seakeeping until recently. Indeed , Ref. 1, which treats
p itch 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 huilborne hydrofoil ships in beam seas; also in—
eluded is a computer program which applies to craft with fully
submerged foil systems arranged in either a canard or airplane
confi guration. This work is thus a logical extension of Ref.l ,

• 

-

• 1 and together they furnish computerized proced ures for predic—
:j ting huilborne hydrofoil motions in the five major degrees of

- 

• freedom . Further , th ese pr ograms are app licable  to a wide
range of hull and foil configurations.

As in Ref. 1, hull exciting f o r c e s, 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. MATHEMAT ICAL MODEL

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

(1) Sh ip r e sponse  is a linear f u n c t ion of
wave exc itation.

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

• (3) The hull does no t develop appreciable
planing lift.

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

- 
• 

damp ing .
(5) Hull—fo il interaction is negligible.

In a p p l y i n g  s tr ip theory to a displacement hull , ( 1)
to (3)  are  n o r m a l l y  assumed , b ut (4 )  is changed to “all viscous
effects other than roll damping are negligible ” , and the e f f e c t

1
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of v iscosity on roll damping is included at all speeds. For
h y d ro f oi l s h i p s , however , which do not have bilge keels , h u l l
viscous damping is always negligible compared with foil and
strut damping. Assumption (5) makes the problem theoreticall y
tractable by permitting direct superposition of hull and foil
ter nis .

2.1 EQJ~AT I ON S OF MOTION

Cons ider a hyd r of o il sh ip whose leng th is signifi—
cantl y greater than either its beam or draft and assum e 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 , y ,

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 fl2 ,  ro l l  by fl 4 ,  and yaw by 
~~~

The coupl ed sway , r oll and yaw equations are given
b elow , using the same subscript convention as in Ref. 2. Flap
(8) and rudder (6) equations are also given , with notation
similar to Ref . 1.

4
Sway : (A 22 +m)~j

2
+ B 22 1~2

+ A 24 fj
4
+B 24 i~4

+ C 24 fl 4 + A 26 ñ6
+ B 26 j 6 + C 26 rl 6 + A 2~~8 + 8 2~~8 + C 28 8 + A 26 6 -,- B 26

t~

= F 2 ( 1)

Roll: A 42~~2 + B 42~~2 + ( A 44 +I
4

) i j
4

+ B 44 i~4
+ C 44 n4 + A 46 fj

6

+ B46
,!i6 

+ C46 fl 6 + A 48 8+  B 48~ + C 48 8 + A 46 Ô +

+ C 46 6 = F 4 
(2 )

Yaw : A 62 i1
2 

+ B 62 tj
2 + A 64 f1 4 + B 64 i~4 

+ C 64~ 4 + (A 66 +16 ) f j
6

+ B 66 Fj
6

+ C 66 n6 +A 688.+B 6~~~+ C
66

8+A 66~~+ B 66~

+c 66 6 = F 6 
(3 )

Flap: —w~~(k~ fi
4 

+ k~ ii
4 
+ k~~ri 4

) + ~ + 2 (~~8 + w~, 8 0 ( 4 )

R u d d e r :  —co~~(k ~~j
6 + k~~r~6 + k~~~6 ) + 6 + 2~~~w~~ + = 0 (5)  

:~~~
;:
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Th e A~ J
’S~ B

ij
’s. C1~~

’s~ and F
i
’s are  ascr ibed the

general form
I 

A _ A H + A F 
. 

6(

• 
. w h e r e  A ’

1
1
~ and A~~. denote contributions from t h e  hull and foils ,

respectively. Interaction between hull and foils has been

ignored. Expressions for the A
ij~ 

A
1~~1 

etc. are given below.

2.2 HULL COEFFICIENTS

- • The strip theory used to compute hull coefficients

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

2.2.1 Added Mass and Damp ing

A~ 2 
= fa 22 d~ — ~~2 b~~2 

( 7 )

B~~2 
= f b 22 d~ + Ua~~2 (8)

= A~~2 
= f a 24 d~ — ~~2 b~~4 

( 9 )

B~~4 = B~~2 
= f b 24 d~ + Ua~~4 

( 10)

A~ 6 
= f a 22~~d~ — !2[xA

b
~~2 

— fb 22 dE] + 
!
2a~~2 

(11)

B~ 6 
= fb 22~~d~ + U [ x

A
a
~~2 

— fa22 d~~ + !2 b~~2 
(12)

= fa 44 d~ — !b A (13)

• B~ 4 
= fb44 dF + Ua~~4 

(14)

A~ 6 = fa24~~d~ — li2 [ x A b~ 4 — fb 24 d~~] + ‘L 2 a~~4 (15)

B~ 6 
fb 24~ df + U [x

A
a
~ 4 

— fa24 d~~3 + 
M
2b~~4 

(16)

• A~ 2 
— /a 22 E d~ - li2 [x A b~~2 + fb 22 d~~] (17)

3
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• 

= fb 22 E~dE~ + U [xA42 + fa 22 d f ]  (18)

AH = f a  4 E d t ~ — ~ 2 [x bA
4 + fb 24 d~~J (19)

• 64 
L 2 ~ A 2  

L

• B~ 4 
fb 24 E~d~ + U [xAa~ 4 

+ fa24 d~~] (2 0)

A~ 6 
= fa 22~~

2d~ 
- !x2b

A 
+ 

~ 2 Ex A
a22 + 1a 22 d f ]  (21)

B~ 6 
= fb 22 f~

2 d~ + Ux~ a~ 2 + 
~
c[XA

b
~~2 

+ fb 22 d~~] ( 2 2 )

The above in tegra tion s are  over the leng th of th e
ship. In 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 examp le , the Frank close—fit method. a22 and b 22 result

from sway motions , a44 and b 44 apply to roll , wh ile a 24 and b24
are due to cross—coup ling between sway and roll. Subscri pt and
superscript A refer to the aftermost section.

H4 Note that B44 contains no hull viscous damp ing term .

This simp lification has been made since extensive calculations
have  shown tha t h ull v iscous da m p ing is negligible in compari—
son to the viscous effects of the foils and struts.

2.2.2 Hydrostatic Restoring Coefficient

The onl y hy drostatic restoring coefficient affecting
lateral motions is C4 4 ,  g iven by

C~ 4 
= A C M  

— 

( 2 3 )

whe re A is displacement and GM the metacentric height.

2.2.3 Exc iting Force and Moments

F~ — p~~[f~~~2 
+ h2

)dE — i~ h~~] ( 2 4 )

— p~~[f(f4 
+ h

4
)d~ — iMh~~] ( 2 5 )

— p r, { f ~~~(f
2 + h2) — i~~Jd~ — i

~
x
A
h
~~

} (2 6 )  

~~ _ _ ~~••.•-_ - • - • - -~•-- ~~~~~~~~~~~~~~~~~~~ 4
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wher e ~ is the amplitude of the incident wave and the integra—
t i o n  is over  the  l e n g t h  of t h e  h u l l .  f~ and h~ a re  t h e  sec-

tional incident and diffraction forces , respec tively ,  g iven by

= g I n 2 e x p ( k  z ’ + ik y ) d t  ( 2 7 )
• . C~ 

V

- 
f
4
(r~) = g I(yn3 

— zn 2 ) e x p ( k z ’ + 1k~~y ) d 2~ ( 2 8 )
C~;

h 2
(~~) = (A) 

~~ ~2Un3 
— n 2 ) e x p ( k w z ’ + ik y )d R .  ( 2 9 )

:~~~ 
h
4
(~~) 

= (i) I ~ 4 (in 3 
— n 2 ) ex p

~~~w z + ik y ) d ~ (30)

H c~
The i n t e g r a t i o n s  are p e r f o r m e d  over  the  submerged  h u l l  s e c t i o n .

and n 3 a re  t he  y and z c o m p o n e n t s  of the  u n i t  o u t w a r d  n o r —

m a l  to  the  h u l l  a t  (E , y , z ) .  4~ and 4 4 are the  t w o — d i m e n s i o n a l

s e c t i o n  p o t e n t i a l s  f o r  sway and ro l l  o s c i l l a t i o n s, r e spec t i ve ly .
k is t h e  wave n u m b e r , given by

(31)

and z ’ = z+h CG 
( 32 )

w h e r e  h c~ 
is the  h e i g h t  of t he  CC above the  w a t e r p l a n e .  The

F r a n k  c l o s e — f i t  m e t h o d  may be used to e v a l u a t e  
~ 2 and

2 . 3  FOIL C O E F F I C I E N T S

2 . 3 . 1  N o n z e r o  Forward  Speed

The f o i l  c o e f f i c i e n t s  are  de r ived  in much the  same
way as in R e f .  1. We begin  by cons ider ing  a f o i l  of d i h e d r a l
ang le  I’ and r e s o l v i n g  i t s  l i f t  f o r c e  L and moment  N i n to  sway ,
r o l l  and yaw c o m p o n e n t s .

sway f o r c e  — L s i n r  (33)

rol l  m o m e n t  — 
• 
L(ycosr + zsinr) (34)

yaw m o m e n t  — Nsinr (35)

Here , no d i s t i n c t i o n  is made  b e t w e e n  f o i l s  and s t r u t s .  The f o l —
• 

. l owing  s ign  c o n v e n t i o n  is adop ted  f o r  d i h e d r a l  and a n h e d r a l  angles:

5
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for a por t dihedral fo il of angle r DP , r~ = r DP

for a starboard dihedral foil of angle rD S ,  r 1 = _ r
DS

for a port anhedral foil of angle r AP , r 1 = _r
AP 

(36)

for a starboard anhedral fo il of angle r AS , r . = r
AS

Denote by L
d 

and N
d 

the lift and moment acting on a

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

L
d 

= LNC+LC (37)

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

+ (ycosr + zsinr),~4 
for

for 0

• and obtain

• L &c Tr pb (~~) 2 [( s i j 6
_ U i ~~s i nr + f j 2 s inr

— ( y c o s r  + z sin r )~j 4 ] (38)

L
~ 

= 
2PUSCLnC(k)[ {(s 4~~~6 

— un 6 }sinr

+~~ 2
S~~~~ J’ (ycosF + z s in r ) i~4 ] _ }~ C ( k ) y f l 4 

(39 )

• w h e r e  t h e  las t  t e r m  in (39)  has been obtained by intuitive
a n a l o g y  w i t h  t he  l as t  t e r m  of e q u a t i o n  ( 2 4 )  in R e f .  1.

Sim ilarly, from equa tion ( 2 2 )  of R e f .  1

Nd 
- _L

NC
s _ L

C
x_

~~
Pbc

l:i (u~ 6
+~~~6

) (40)

Consider now the foil exciting forc e and moment and
denote by L

w 
and N

w 
the lift and moment due to wave .ac tion °n

the foil. Then from equations (38) and (39) of Ref. 1,

Lw ~
PUSC LaSe(k)~

’+
~~~

COo)fl (41)

Nw — _XL
w 

(42)

6 
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w h e r e r~ is wave elevation at mid—chord and ~ t h e  c o m p o n e n t  of
• wave orbital velocity acting perpendicular to the foil:

= wcosF + usinr (43)

w h e r e  w is the  v e r t i c a l  component  and u t he  h o r i z o n t a l  compo-
n e n t .  u is r e g a r d e d  as p o s i t i v e  in the  d i r e c t i o n  of propaga-
t i on  of t he  seaway . For beam waves ,

-k h ik y
u = ue V 

e 
W (44 )

-k h ik y
w = iwe V e 

V (45)
i k y

= e 
V (46 )

wher e k is wave number.
w

S u b s t i t u t i o n  of e q u a t i o n s  (37 )  to ( 4 6 )  i n t o  (33) to
• ( 35)  y i e l d s  t he  f o i l  c o e f f i c i e n t s  listed below . Summation is

over  a l l  f o i l  and s t r u t  e l e m e n t s .

• I 42 = ¶p
~ b(F

2sin 2r (47)

42 
= 4pUESC L

C ( k ) s in 2c (48)

= A~~ = _1rpZb (~~)2sinr (ycosr + zsinr) (49)

= B~~2 
_
~~

pUESC
L~
C(k) sinr(ycosr + zsinr) (50)

C
~
4 

= 

~~~~~~~~ 
—5~~~C(k) ysinr (51)

1. 
46 = A~ 2 = 1rpEb(~.)

2ssin 2r (52)

B~ 6 
— pUEsin2F [_1rb(~

.)2 +4SCLaC(k)(s
_
~~)1 (53)

— _ 4pu 2 Esc L~ c( k )s i n 2 r (54)

F 1 i k y  aCLF 2 — -~~p U E S e  ~ s inr [ U-~~ - C ( k )

-kwh+ C
tct

S (k)we 
• 

(sinr + icosr)] ~~“
A~4 — ~pEb(~.)

2 (ycogr + zsinr)2 (56)
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— ~ pu EsC L~ :( k ) (Y c 0 8r + z5uhh1 . ) 2 ( 5 7 )

- C44 = -~pU 2ZS—~~—C(k)y(ycosr + zsinF) (58)

A~6 
= A~ 4 

= — 1TpEb (~~)
2ssinr (ycosr + zsinr) ()

B~ 6 
= pUZsinr (ycosr + zsinr)[rrb(~~)

2

• _
fSCLaC(k)(S —

~~~~~)J (60)

C46 — 
~
.pU 2ESCL C(k)sinr (ycosr + zsinr) (61)

i k y
= ~ pUESe 

‘~ ( yc o sr + z s in r ) [ U~~~ 
C ( k )

+CLaS (k)e w (sinr + icosr)1 (62)

B~~2 
= 

2PuzxscLac(k)sin r (63)

B~~4 
— —~~ pU ZxS C~~~( k) s i nr (y c o s r  + z s i n f)  ( 6 4 )

F 1 3C
C64 = ~~~~~~~~~~~~~~~~~ ys in r  (65)

A~ 6 
= rrpE [s 2b (~~)2 +~~f~ Js in2r (66)

• B~~6 
pUE [~~1Tb (~~)

2 +
~~

xSC
L 

C ( k ) ] ( s  _~~)sin 2 r ( 6 7 )

= _
~~.pu 2 Exsc La c ( k )s in 2 r (68)

F 1 ik~ y 3CL• F
6 

= —~~pUExSe sinr [U—~~—C(k)

—k h
+Ct S (k)we V (sinr + icosr)] (69)

The f l a p  c o e f f i c i e n t s  a re  o b t a i n e d  by using equa tions
(50)  to (53)  of R e f .  1 to e v a l u a t e  t he  l i f t  and momen t  due to
deflecting a f l a p  t h r o u g h  ang le  B (Pig. 3). Resolution of this
f o r c e  and m o m e n t  v ia  e q u a t i o n s  (33) to (35) r e s u l t s  in the  f l a p
t e r m s  g i v e n  be low.

8
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C p
A 28 —2~ b~T1(—~-)

3sinr (70)

— _ +
~~

bp(4(T4 
_
~~~

CLaC(k)1~l.l
)sinr (71)

• 
C28 

- PU 2bFcFCL
C(k)e

s
sinr (72)

• 

• A4~ 
— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (73)

B48 
— +pub Fc;(r 4

_ .  
~ cL~ C(k) Tll ) (Y ~coar  ÷~~~ i~r) (74)

C4~ = _pU ZbFcFCLaC(k)eB (ypcosr+z Fsinr) (75)

A68 
= A 2Bs+2Pb F(~~~

)
~~
(Tl +pTl)sinr (76)

B68 
= fpub Fc~

sinrE_ r
4s+~~~

cLaC(k)Tllx -

—~~~(T1 — T 8 —p T 4+4T11)] (77)

C68 
= C

28x 
- 2pU 2 b F (~~~) 2 (T 4 + T lo ) s inr  (78)

where p is the distance f r o m  the  f l a p  h inge  l ine  to m i d — c h o r d
divided by the  s e m i — c h o r d  (see Fig . 3 ) .  e

8 
is the flap effec—

H 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. 

~F 
and Z F 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 6 for ~ and —

~~~~~

for s in equations (23) and (24) of Ref. 1. Then 4

LR =7rpb (~ )
2(~~~ 6 — U6) ++pUSCt~

C(k)(_ -
~
.t
~ 

— U6) (79)

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

the negative y—di rection in keeping with our convention regard-
• ing dihedral angles. Rudder moment is given by

9
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• NR 
= itpb (~~)

2 s(
~
.
~~
+U6)+.

~
PU.SC

L 
C ( k ) x

_ rp b~~ (U 6 + 2~ ) (80)

Substitution of (79) and (80) into (33) to (35) y i e l d s
the rudder terms .

cR
3

A 26 
= ~~~~~~~~ (81)

B26 
= _PUS

R
_ (1T+C

L~$
C(k)). (82)

C26 
= 

_ •
~

P U S R
CLaC ( k )  (83)

A46 = _A
2Ô ZR 

(84)

B46 — _ B
2Ô z R 

• (85)

• C46 — —C~ 6Z~ 
(86)

cR ’ -
•

A 66 = A 26 SR + Irpb~~j~ -g (87)

cR cRB66 — _ PUS~ ~ ~~~~~ T1 + CL C(k)XR) (88)

C~ 6 C26x~ 
(89)

2 . 3 . 2  Ze ro  Fo rward  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 :

B~4 
— ~Lpwf ~4~~(y 2 + z 2 ) /2 SC~ sina (90)

w h e r e  is tol l  a m p l i t u d e  and C~ is the normal—force coefficient

for a flat plate tilted at angle  a to the f l o w .  Prom R e f .  3 ,

• 10
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O . 0 4 6 7a  ~ < 40 0

C = (91)n 1.17 c* > 4 0 0

and f r o m  g e o m e t r i c a l  c o n s i d e r a t i o n s

tang — I 1
Y
~ Z1~~~

flr
F I (92)

-
• • Simi lar  e q u a t i o n s  may be derived f o r  the o the r  f o i l

damping terms , but these ate much less significant than the
F

4 v i scous  ro l l  d a m p i n g  t e r m .  E q u a t i o n s  are given below f o r  B 22
and B

6
.

42 Pwr12 ESC sinct (93)

• 

• 

B~ 6 
-
~
- Pwfl2

ESC I s i  sincL (94)

where and are sway and yaw amplitudes , and

= In (95 )

2.3.3 Strut Wave—Making Damping

A s t r u t  in or near  t h e  f r e e  s u r f a c e  wi l l  g e n e r a t e
waves  w h e n  o sc i l l a t ed  l a t e r a l l y .  The r e s u l t a n t  damp ing t e r m s
due to  w a v e — m a k i n g  a f f e c t  ro l l  s i g n i f i c a n t l y  at 1-ow speeds .
For a vertical strut , the sway wave—making damping term is

B~~2 — ~
.pwb 2c C w 

w2b 

(96)

where C is a function of — . A curve obtained using the• U g
Frank close—fit method is given in Fig. 4.

Roll  and yaw wave—making damping t e r m s  a r e  ob ta ined

by m u l t i p l y ing B~ 2 by the app r o p r i a t e  fo i l  c o o r d i n a t e s .

11 
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3. COMPUTER PROGRAM

Based on the  f o r e g o ing ma them a tical model , a computer
program has been developed to predict huilborne hydrofoil lat—

• eral motions in beam seas. A program listing is given in the
Ap pend ix , together with detailed descriptions of input and out-
put. Note that since hull viscous damp ing is neglected , this
program app lies only to the “foils down ” case. A further
restriction is that the foil system must be of the fully sub—

:1 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 iT or two inverted T’s. Full details are given in
the A p p e n d i x .

t 

•

LI. COMPARISON OF THEORY WITH EXPERIMENT

The Dav idson Laboratory has recently measured wave—
induced motions for a !:20—scale model of the 220—ton PHM
h y d r of oi l cra f t d ur ing hu l iborne  opera tion in sea s ta tes 3 and
5 (Ref. 4). Representative wave height spectra , as meas u red
during the tests , are shown in Fig. 5 for the full—scale
craft.

U n f o r tuna te ly ,  Ref. 4 gives rather scanty lateral
motion data because of towing tank test restrictions. The only
usef ul f r e q u e n c y  response  meas uremen ts are f o r  be am sea r oll ing
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), bu t the ra ther academ ic nature of th is
spectrum (Fig. 5) does not permit generalizations based on
these results , since li tt le or no seaway energy  is presen t in
the  f r e q u e n c y  range  of grea test interest (.3 to 1.5 rad/sec).

Fi g.  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.

Pred icted and measured beam sea root mean square lat-
eral motions are compared in Fig. 7. Agreement is satisfactory
but, as men tioned above , because of the peculiar nature of the
seaway spec t ru m , one canno t base general conclusions on this
compar ison.

_________ 4
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5. CONCLUDING REMARKS

4 - 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 pr edictions . One may reasonably expect ,
however , that hove—to rolling predictions should be satisfac-
tory as indicated by t h e  a g r e e m e n t  be tween  l imi ted  e x p e r i m e n t a l
da ta and predictions.

Computational experience has shown that the foils and
struts dominate hullborne lateral motions , eve n a t zero  sp eed ,
and th is dom inance beco mes m ore pronounced  with incr eas ing

H speed. Foil system damping completely swamps hull damp ing, and
at nonzero speeds the dominant forcing f u n c tion ar ises f r o m
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 speed.s in excess
of 10 knots.

H The present work and Ref. 1 together furnish comput—
er iz ed p roced ur es fo r pred ic t ing h ul iborne  hydr ofo il m o t ions
in the five major degrees of freedom . However , the p resen t
work applies to beam seas and Ref. 1 to head seas. Work is in
progress to synthesize the two and produce a computer program

4 which will predict motions in five degrees of freedom at
arbitrary headings to the sea.
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APPENDIX

COMPUTER PROGRAM DETAILS

- 1 . 
The computer program applies to a hydrofoil ship with

a fully submerged foil system of either a canard or airplane
configuration. The main foil is an inverted it (Fig. 8), wh i le
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 f l a p s  f o r  ro l l  con trol
are on the outboard tips of the main lifting foil.

A. INPUT DESCRIPTION

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

U speed (k t )
EL length between perpendiculars (ft)
11CC height of CG above waterplane (ft)
XC G d istan ce f r om CC to f orward  perpe nd icu lar (f t )
RR G r oll rad iu s of gyra tion ÷ EL
YRC yaw radius of gyration + EL

¶ • . 
DISP displacement (tons)
RH O f l u id dens ity ( s l u g / f t 3)

(b )  ONE CARD ( l 2 ,2FlO.3)

- • NFR number of frequencies at which responses are to be
calc ula ted

FRI lowes t f r e q uen cy (r a d / s e c)
DFR incre m en t in f r e q uency ( r a d/ s e c)

Notes (1) If computing motions in irregular seas with
U > 0, se t NFR ~~l8 , FR1— .3, and DFR= .1. If V—O , it
may be necessary to set DFR .O5.

( c ) ONE CARD (213)

NSEA number of sea states (maximum of 10)
• NPOS number of positions at which swaying motions in

• ir r e g u l a r  seas are to he compu ted (m ax imum of 10)

Notes (1) If motions in irregular waves are not desired ,
use a blank card for (c).

• (2) If NSEA—O , ignore data cards (d) and (e). If
NSEA > 0, but NPOS—O , ignore data card (e).

25



(d) NSEA CARDS (2FlO.4)

- 4  HSW(I) significant wave height Ut)
TSW(I) ener gy—averaged wave period (sec)

No tes (1) Fig. 9, obtained using the data of Ref. 5, is
• o f f e r e d  as a guide to the variation of TSEA with HSEA .

Cau tion should be exercised in applying this curve ,
however , sinc e con si d e r a b l e  v a r i a tion of wave per iod
with significant wave height is exhibited by natural

• seaways (see , for examp le , Fig. 1 in Ref. 6).

(e) NPOS CARDS (2FlO.4)

X P O S ( I )  x — coord inate of pos itio n I (s ta tions af t of FP )
z — coordinate of position I (ft above CG)

(f) ONE CARD (FlO.4)

GMIN metacentric height (ft)

• Notes (1) If metacentric height is not specified on input ,
• (i.e. CMIN~ 0 ) ,  th e pr ogram will use a val ue compu ted

from the offset data. This CM is not , however , cor-
rected for internal free surfaces.

(g) ONE CARD (3F10.4)

F IAV expec ted r oll am p li tude (d eg)
YAWAV expected yaw amp l it ude (deg)
SWAYAV exp ected sway ampl i tude (f t )

Not es (1) These data are only required for U 0 .  For U > 0,
use a blank card.
( 2 )  When  com puti ng mo tion s in i r r eg ular seas , set
these inputs equal to 1.25 times the expected root
mean s q u a r e  v a l u e s .

(h) ONE CARD (12)

NST number of stations for which offsets are input

No tes (1) The program assumes a 20-station hull representa-
t ion , with station 0 at the forward perpendicular and
station 20 at the transom.
(2) The max imum value of NST is 25. However , since
the fo il sys tem dom ina tes la teral response , in the
interest of computational efficiency it is g e n e r a l ly
des ir able  to use no more  than 10 sta tions to def ine
the hull. These should , however , be eq ua l ly  spa ced
and include the transom.
(3) One each of data cards (1), (j) and (k) is re—
qu ired for each of the NST stations . -
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(1) ONE CARD (F1O.3)

4 X A ( l )  s ta tio n num b e r

(j) ONE CARD (8F10.4)

Y A ( I ,J)  J~~l , 8 h o r i z o n tal o f f s e ts of s ta tion I (f t )

(k) ONE CARD (8F10.4)

Z A ( I ,J) J—1 , 8 ver tical o f f s e ts of sta tion I (f t )

No tes (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 basel ine (waterline zero).
(4) The points and the straight lines between them
should provide a good geom etr ic descr ip tion of the
station shape.

(1) ONE CARD (11)

NSTRUT numbe.r of struts on main foil unit (2 or 3)

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

GAM(I) • input dihedral angle (deg)
• SWEEP(I) quarter—chord sweep angle (deg)

ALF(I) angle—of-a ttack relative to zero lift (deg)
B(I)  span (f t )
CR(I) roo t chord (ft)
CE(I) tip chord (ft)
TC(I) thickness/chord ratio -

Notes (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 fo il
No. 4 — main foil outboard strut

• 
- No. 5 — bow foil strut

No. 6 — main foil centre strut (if present)
( 2 )  The m ethod of inpu tting d ihedra l  ang les  is

- shown in Fig. 11. These angles are converted to the
conven tional form (equation (36)) internally.

- -‘1

i-i
27

LL~~ - •• •~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
••
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-



______  - —‘-
I’

(n) ONE CARD (SF10.4)

4 X(4) main foil strut x — coordinate (ft)
Y(4) distance from main foil strut tip to centre line (ft)
11(4) depth of main foil strut root (ft) •

X(5) bow foil strut x — coordinate (ft)
11(5) bow foil strut root depth (ft)

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

tive.
(2) Y(4) and 11(4) are shown in Fig. 11. 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).

( o ) ONE CARD (SF10.4)

BF flap span (ft)
PF distance from hinge line to mid—chord semi—chord
EFF f l ap e f f e c ti v ene ss
WF fla p control system natural frequency (rad/sec)

• ZETF flap control system damp ing ratio

Notes (1) The flap is assumed to extend to the tip of foil
No. 1 (Fig. 11).
(2) Flap effec tiveness 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 iater as they

-• are in air.

• (p) ONE CARD (2F10.4)

WR rudder control system natural frequency (rad/sec)
ZETR rudder control system damp ing ratio

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

(q) ONE CARD (3F1 0.4)

QFDD r ol l acce le ra tion ga in (sec 2)
• QFD roll veloc ity gain (sec)

• QF ro l l  ga in

(r) ONE CARD (3F10.4)

QRDD yaw acceleration gain (sec 2)
QRD yaw veloc ity gain (sec)
QR yaw ga in

28
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B. SAMPLE INPUT

A sample  case of FH ROLL inpu t da ta is g iven on the
following page for a hypothetical 400—ton hydrofoil ship at
a sp eed of 10 knots. Note that the hull is trimmed up 1½0

- 

• and tha t o f f s e ts are g iven in local sec tion coordina tes , i.e.
the first point is (0,0) for all stations.

-1 ~
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‘1

1 0.0 150.0 2.0 95.25 .086 .258 4 00 .0  1.99
18 .3 .1

3 8  •

8.0
4 0 . 0
lt.0 9.10

10.0 € .0
15.0 7.0

~o .o
10.0 1.0
10.0 15.0 -

10.0 ce.0
0 .0  -

• 10
2. 2
0.0 .4592 .‘~1 84 1.3778 1.~~369 2.1801 2.7553 3.2145
0.0 .7379 1.4755 2.2138 2.9519 3.4M9~ 4. 4 2 7 8  5.1~~
4.0 2
0.0 .8639 1.7279 2.5918 3 .4558  4 .3 1%? 5. 1836 ~- .047 ~-
0.0 .7974 1.5949 2.3922 3.1897 3.9871- 4.7R4~ ‘.S~~
6. 2
0.0 1.277 2.554 3.831 5.108 6.385 7.552
0.0 .8564 1.7137 ?.5705 3.4275 4.~~8’.i 5.141? 5. ’~~~ M

8.0 2
• 0.0 1.8291 3.2583 ‘..8874  6 .5186 8.1~~51 9.7 74~ 11.404

0.0 .5172 1. 44344 2.7516 3.8844.8 4.5860 5.5033 b. 41~
10.
0.0 2 .2417 4.4833 6 .7250 8 .9867 I A .2 0 # i  13.45 13.5015
0.0 1.1052 2.2103 3.3154 4.4206 5.5257 6.63 6.831

1 12.0 2
0.0 �.3233 4.6487 6.9700 9.2933 11.8167 13.94 14.10 ?
0.0 1.0827 2.1654 3.2480 4~~33Q7 5.4134 6.5 ?.?‘.7
14. 2
0.0  c . 3 2 3 3  4.6467 6.9700 9 .c93 3 11.6167 13.94 14 19? I -

0.0 1.0827 2.1654 3.~~4$u 4.3307 5.41 34 6.5 ~~~~~~16 .0 2
0.0 2 .3233  4 .64 6 7 8.9700 9.2 933 11.94 13.~~4 14 .2825

• 0.0 1.0827 2.1654 3.2480 4.3301 5.4134 ‘.5 i.079
• 144 . 2

0.0 2 . 3 4 5  4.29 6. 43 5 44 . 58  10.7�~ 1..87 1J.240~
0.0 . 996 1.999 1 2 .99 87  4 .9983 4.991% 6 .0 7 .4~~520.0 2
0.0 1.7867 3.5733 5.3600 7 . 1 6 87  8.933 10.72 10. 9455
0.0 .8326 1.6652 2. 4978 3 .3304 4 .1625 5.u 5 . 9 1 ?
2

• 104.c 15.0 4.2 18.5 11.4 3.44 .065
76.0 0.0 4 .2 14.5 11. 4 11.~. .08’ ,
50.0 15.0 6.2 9.75 4~~3 2.1 .065
76.0 0.0 0.0 21.4 t~~.5 12.5 .1?
90.0 8.0 0.0 14 .0 7.0 6.0 . 1? • -
—9.7 5 14.5 2.9 87.75 5.0
14.0 .5 .45 17.45 1.45
11.45 1.45 . -

• 0.0 — c . 0  0.0
0.0 —~~.o o.o
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C, SAMPLE OUTPUT

— A sample case of FIIROLL 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 basically a 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 hu l l  coe 1~~icients immediately
below .

• Sway,  roll and yaw transfer 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 , f l a p
angle and sway in the three specified sea states; also output
are absolute motions at the locations specified. The quad-
ra tic regression spectrum of Ref . 6, ob tained by analyzing 295
wave spectra measured at station ‘Ind ia ’ in the North Atlantic
(59° N , l9° W ) ,  is used in the irregular sea computations.

I
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U HCb XCI •Ois~
10.0000 150.0000 2 .00 00  95.2500 •0860 .25o0 4 00 .0 ( 100  1.9 9 h~

NF N= 18 Fk1= .300 0F44= .10 0

-
• 

NSE# 3 N~’0S $

445W TS W
8.0000 8.6400

10.0000 8.8700
12.0000 9.1000

x~,0s zI~oS

1) 0.0000 10 .0000

2) 5.0000 9.0000

3) 1 0.0000 8.0000

I 4) 15.0000 7.0000

- • C 5) 20 .0000  6 .0000

1 8) 10.0000 1.0000

7) 10.0000 15.0000

‘I 
C 8) 10.0000 22.0000

GMIN= 0.0000

FIAV = — 0.0000 YAWA V ~ —0.0000 5~ AY A V~ —0.0000

ST ATIO N 2.00

A8 SC ISSAS
0.0000 .4592 .9184 1.4775 1.8389 2.2961 2.7553 3.2145

0440 INAT LS
• 0 . 0000  .7479 1.4759 2.2138 2.9519 3.3898 4.4278 5.1880

S T A T I O N  4.00

A8SC IS SAS
0.0000 .448 39 1.7279 2.5918 3.4558 4 . 4 19 7  5 . 1836 8 .0475

V 0KOI NAT€5
0.0000 .7974 1.5949 2.3922 3.1897 3 .987 1  4.74445 5.5~~2’ I

S T A T I O N  6.00

A bSC iS SAS
0.0000 1.2770 2.5540 3.8410 5.1080 6.4850 7.6820 8.439 0

I 0.0000 .8589 1.7137 2.5706 3.4275 4.2843 5.1412 5.9980
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S T A T I O N  8.00

• A bSC ISSAS
0.0000 1.629 1 3.2583 4.8874 6.5166 8.1457 9.7749 11.4040

O RDINAT ES
0.0000 .9172 1.8344 2.7518 3.6688 4 .5860 5 .5033 6.4150

S T A TIo N 10.00

A8SCI S~iAS
- • 0 .0000 2.2417 4.4833 6.7250 8.9687 11.2U8i 13.4500 li.5015

• ORDINATES
0.0000 1.1052 2.2103 3.3154 4.4206 5 .5 2 5 7 8.8300 8.8310

ST ATION 12.00

Ab SC ISSAS
0.0000 2.3233  4.64 87 6 .9700 9.2933 11.6187 14.9400 14.1020

ONOI44A TES -

0.0000 1.0827 2.1654 3.2480 4.3307 5.4134 6.5001) 7.2470

S T A T I O N  14.00

A8SC ISSA S
0.0000 2.3233 4.8467 6.9700 9.2533 11.6187 13.9a00 14.1920

ORUINAT ES
0.0000 1.0827 2.1654 3.2480 4.3307 5 .4 1 ,4  6 .5000 7.58.10

STA T ION 16.00

AbSCISSAS
0.0000 2.3233 6.6467 6.9700 9.2933 11.9400 13.9400 14.2dd~

ORDINATES
0.0000 1.0027 2.1654 3.2480 4.3307 5.4134 6.5000 8.0790

STATIO N 18.00 -

ABSCISSAS
0.0000 2.1450 4.2900 6.4350 8 .5800 10.7251) 12.8700 1.1.2405

0441) INATES
0.0000 .9996 1.9991 2.99447 4.9983 4.,979 6.0000 7.4950

STATION 20.00

A BSCI S SA S
0.0000 1.7867 3.5733 5.3600 7.1467 8.9330 10.7200 10.94,’-

0440 I~~ATES
0.0000 •44 328 1.8652 2 .4 978  3.3304 4.1629 5 .0000 s .91?O

• 

. 
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.4~~~T NI- tiP. 5~~JAW ~ S IN 5P~ A l T A T t  4 I-i S~ A ~~. U4 1 TSt: A =

PULL Ai ’ II) Y A W
• OI SPLMCEMENT IItLUCITY ALC~.LEHAII LP.

- Ijt~’o/S~ C OE (,/SEC**?

- 
ROLL 2.3 19 1.874 1.473

.~~~t, .?19

FLAP 3 .322 -. 2.90~ 3.524

S W A Y  A T  POSIT ION 1ND ICA IC- L)
D1S PLAC~~MENT V t L O C I T Y  A C C E L E W A T I O P .

FT FT/SEC I-T/SEC~~ 2

• 
Lu i.44~~ .97/ .M2P~

*= I).ft.111O.0 • 1.494 1.0444 .9?5

A =  o.0.1 9.0 
- 

1.547 1.069 •~~l~

~~= 10.0.1= .0 1.728  i.I1t~ .9’~~
•1 A z  j .O.1= 7.0 1. 733 1.169 .9~~~

A = 20.0,L 7~.0 1.M~~p4 1.24 1

A z  10.51.1: 1.0 1.4 19

A : 1o.0,1=15.0 1.859 1.271 1.106

H • A :  10.0,1:22.0 2.105 l.48i

-4

-

• 
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I~ ILUT MI- AN ‘,tJUAW ~ S IN SEA STMTE S I’SEA = A o . O u  TSEA = 8 . 4 4 7

PULL AM) Y A W
CISP LAC I- MENT VtLUC1 TY ACCtLENA 1ION

VEC . (ThU/S EC Lj~ (,/SEC~~~2

WI)LL - ,3.0’-~4 2.100 1.8?I

a Y A W  .508  .33~, .27 2

FLAP 4 .167 3.5s6 4.352

• 
• 

SWA Y AT POSITION INLII CATtU

• DI SPLACEMENT V~ LOC 1TY uCC~ LiI-EAT ION
• El FT/S I- C FT / S EC Q* ?

CU 1.P.$3 1.237 1.028

* I1.0./ 10.O 1.~~30 1.317 1.144

A:  - • 9~~/ =  9.0  2. 005 1.349 1.157

Lai~ 
A :  Io.0,/ : 44 .0  .1l ’- 1.405 1.1 90

* I A :  11 .0,1: 7.0 2 .258 1.483 1.241

A :  211.0,1: ~ .0 2.424 1.579 1.308

A:  j J . U , 1 :  1.0 1.1-144 1.222 1.022

A :  10. 0,1:15.0 e. 4 15 L.b08 1. 3 7 3

A :  I I ).0 , l f e ’ .O 2.71? 1.825 1.566

L•

L.. 
•~~~~~~~~ • ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • • •
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ROOT ME AN SQUAR ES IN SEA STATE S NSEA : 12.00 TSEA = 9.10

• ROLL AND YA W
- DISPLACEMENT V t L U C IT Y  Aç CE LEMtiT 101-.

DEG OLt,/SEC

ROLL - 3.734 2.511 2 .140

- : YAW .628 .404 .3??

• FLAP 4. 984 4.215 5 .072

SWA Y AT POSITION IP~DICATEU
DISPLACEMENT V E L O C I T Y  ACC~ L€ W A T I Q N

FT FT/SEC FT/SEC~~~2

C 2.338 1.497 1.2 17

I A : 0.0,Z :10.0 2.3744 1.582 1.350

A : 5.0,2: 9.0 2.478 1.624 1.387

A : 10.0,2= 8.0 2.622 1.696 1.407

X 15.O,Z 7.0 2.802 1.794 1.489

A : 20.0,Z 6.0 3.013 1.913 1.550

A z 10.0,Z 1.0 2.286 1.475 1.209

X 10.0,Z:15.0 2.990 1.941 1.623

Az 10.0,Zz?2 .0 3.379 2 .20 1 1.851 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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• D1 COMPUTER PROGRAM LISTING

A comple te lis t ing for FRROLL follows . It is worth
noting that FI~ROLL depar ts sl igh tly from Ref. 1 in using the

F m e thods of Jones * to calculate C(k) and Se(k); this modifica—
ti on is mad e because  Jones ’ formula tion takes aspect ratio into

I account. Another noteworthy point is that in calculating
st r ut rol l  damp ing terms , accoun t is taken of th e var ia t ion
in roll velocity along the strut ’s span .

4

-

. I *Jones , R. T.: The Unsteady Lift of a Wing of Finite Aspect
Ra tio. NACA Report 681, 1940.

40



T~~~~~~~~~~~I ~~TJ IT~I~

.4 PROGRaM ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
COMMO N,COM1/ QO ,G UO,11) 

-
CO MMO N/ N EW /A A (2S ) ,OAA (26 ) .XC G ,tL ,NST ,8CG,C44 8 ,D tSP , I -o - U
CO ON/ N EW 2/W ,U ,A22 , 822 .A24 .B~~4,u26.B2b ,A44 ,h44 .A4e.ss4.,.

1*62 s 862 , 464 8b4 A66 ‘ ,EF t o
COMMO P. /NEW 3/ *22F .A24F .A?6F ,A44F ,446 F .a66F
C O M M O N / N EW S/ 5 3 A M ( 6 ) , S ( 6 ) e S X ( 6 ) , Y ( 6 ) .Z ( 6 ) , N F S , t I ( 6 ) . C O S S ( 6 ) .S I N U ( 6 )
C O M M O N/ N E I I ,6 / F IA V , YA W A V . S W A Y A V
COMPLEX A ! ,~~22 ,4424.826 ,C24 ,C26. F2,4444,4446 ,C44,C4P.,F4 .I~52.t164,r1b6.

1C64.Cbb,F6 ,CK.5E.UI,~~Q,H2F,C2F.84F.C4 F.b6F,cbF.~i~ R,c2s. I~~s.
2C4R.)~bM, C6R ,41W

COMMON PI,hPI,uPI,T PI,MD.MU0E,OPh,CP.kAT,SUR,D~ u,1ST ,DRT.H8M.SG.N
LOE,PDM, V OL .5k W ,IJN.OMEGA,CP, wV t i . ID,00G, IG ,AX (?5.7 .YY  (25 ~ fl .UEL (2c .
2 7 ), S P .E (2 5, 7 ) , C S E (? 5 . 7 ) , F R ( 7 ) , I~~L O6 (2 S .7 ,7 ) . YL O G ( 2 S ,7 . 7 ) .C 0 N ( 1 4. 1 ). C

3T( 14, 14) .PSII( 7. 7) ‘PSI? (7 .7) ,PPA( 7) ,PWV ( 7)
DIMENSION X P O S ( 1 O ) . 2 P O S ( 1 O ) . S~~E E P(6 ) ,A L F (6 ) ,C I~ (6 ) , T C ( 6 ) ,

4 IC E (6 ) , C4 4 A R ( b ) . X ( b ) , H ( b ) , C L A ( b ) , C L H ( 6 ) .A 0 1 6 ) , Z P 1 ( b ) , H B( 6 ) .
• 2 4 ( 6 ) , S C ( 6 ) , Y Z C 6 ) . O U T M (4 0 , 1 O ) . O S P ( 1 5) ,

3 V E L ( 1 5 ) , A C C ( 1 5 ) . S P E C ( 1 0 ) , S P P ( 2 ) , Y 4 ( 6 ) . H S W ( 1 O ) , T S w ( 1 0 )
P1=3.1415927
TPI=2.*PI

999 READ 13.U,EL,44CG,XCU.PWG,YHG,DISP,RHO
IF(EOF ( 5L I NPUT ) .NE.0 .O) STO P 1111
WRITE 101
WRITE 13.U,EL,8C U,X CG.PH( i ,Y MG,DISP,RPfO
READ ‘,O,NFR.Fkl,IJFS-l
wRITE 43,NFP4 .FRl,DFR
RE AD 50,P.SEA,NPOS
WRITE 51,NSEA,NPOS
IF( NSEA.LE.0)GO TO 67
WRiTE 53
00 52 I 1,NSEA
READ 13 , HS * ( I ) ,T S W ( I )

52 wRITE 13 , P ISW ( I ) , T S W I I )
IF(NPOS.LE.O)  GO TO 67
WRITE 1009
DO 82 1 1,NPOS
READ 13,XPOS (L) ,ZPOS (I)

82 W R ITE 1 00 1, I , X PUS ( I ) ,Z P O S ( I)
• 67 CONTINUE

CALL HULL!
NFOIL = 3
READ 18.NST RUT
WRITE 1014 .NFOIL,NSTRUT
NFS NFOIL,P.ISTNIIT
WRITE 1002

:1 00 83 I:1,NFS
RE.AD 13,G AM (1) .S4EEPCt) .ALF (t) .i~(I) .CR(I).CL (I)

Ml wRITE 13.GAM(I) ,So*EEP (!) .ALI-(I),8((),CR(I) ,CE(I).TC (I)
HEAD 13,X(4),Y (4),#(4).X (b),$1S)
WRITE 1(103,X (4) .Y(4) .8(4) ‘A (S) ~#(5)IF( NST ,~UT.LE.2)( ,U 10 24
X ( N FS) :X (4 )
Y I~.FS) : 0.0

24 CONTINUE -

READ 13. dF,I ”F ,EFF.w F ,Z~~Tf

41 
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WNITF 10e4.’.E .PI- .k I s -  .t-.F.LI IF
• k t ~~ A I )  l 3 , w ~~,/ L T ’- ~

vlkI Tt 1005,.a~~,1I-~Tk
f-ftTi~O I3.Ut~U),1 ti,UI-

• w kITE. 100b.(
~ FI) IJ IUIU.1jF

I1~~Afl 1:~.u’-~()u,- I— 4t ,,tJP
wi~1TI~ j f l 07,I Us),tJ,~I).,~F~

- • YF
CF:CI~ (fl( C s - 1 ( t ) _ C E ( 1 ) ) * ( Y E + .5* r I - ) / r 4 ( 1)

L PUT (1 1r 11-I ) r l t i L AN (,LrLS IN CUNV F.~~T 10~ AL FOMM
U i :

GA~~( 2) 04M (2) ( 4 )

ljI~~(6):—9O.
ChAN (-~ MJL’L~ S EI~UP OEG~-~F~~S TO 1-~tii)[ANS
DO I I = 1 . N F ’
S~.I-- E~~( I) ~S4ES I-~ II) /‘7.~4P:GAM ( I) / ~~i .3SI’i(, (1) -~S IN (~-

• 1 COSS (1):C0S(I- )
LIt) 2 1= 1.N~~sAL F ( 1) L F ( 1) / ,7 . i

~ C U \ T I r ~iut
liD 1 ! =j . ~~F S

. 4 S (1)~~l (I)* C1M,-~~1)
H TN T : r-4 ( ‘. ) + •~~~ 4)  * (SI’~G C’.) )

L F _ ~~CU_ hIN T + ( ’ ! F+ .4 2 * L l F ) w S 1 ,~. , ( 1)
Y F = Y ( 4 ) + ( Y F + .4~~~r4 I- ) *C 0 S S ( t )
Q: (H i ll ‘~C0S ( 1) +r~ ( 2 )  ~CDSS (2) 1 ~~*2/  (5(1) *COSS(1 ) +5(2) ~C’iSS (2) 1
T=b (2)*(~OSS(2)_Y (4)
I~- ( A I - 4 S i 1) . LL.0 .01)t i0  1 0 4
IS P LIT ~~1

~~2 ) — Y ( 4 ) _ .4?* r1(2 )* C O S S ( ? )
A C?)~~uGO T O s

-, ISrI-’ I• l 1:0

44 ( 2)  -~ —~ I -IT • . I.1 * (1 ( /)  ~S I i.)i C ? )

~ CO~.T T~~uF~P5 ( 1)  j - ,1— .4?~~1( 1 ) * s ( p .. ( 4 ( )

~~~~~~~~~~~~~~~~~~~~ • r-$ (~~~)

,_ C i ) — X (  ,1
• III’ “ I -~ 1 .I~d

‘ / ( 1 ) ~~— .aC — P ( 1  •

Y ( J ~~ : Y ( 4 ) + .’..~ 1. 5 1 ( 1 )  Cta , 5 ( k )

I

42 
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4 Y ( 3 ) = .’.2~~H( 3)~~CO S S ( 3 )
Y (4 ) =Y (4)~~~~.SO*.~~ (4)*COSS (4)

Y (5) 0.O

A C !) = A ( 2 )
00 7 1 3.NFS

7 A ( I) :2 . *I-I( I)/C ,~SA R ( I)
EM:2240. *OISR/ (32.2*t* ,O)
0:1.68900

U
zI= vHG’EU~~~2~~EM

:1 41= 10.0 .1.0)
C LIFT CURVE SLOs’E CALCULATIONS
C
C INCLUDE FREE SUNFACE EFFECTS FOR FOILS 1 AND 3

00 22 1 : 1,NFS
CLA (I) = CLP-’([) : 0.0

22 *0(1) : TPI~~(1.— .96 TCU) COS sWELPU))

H IF (U .LE, 0.0) 60 TO 28
00 23 I = 1.3.2
8C50 20.0*(H(I)/C8AR(I))**2
*0(I) AO(I )* (I ..HCSQ)/(2..MCSO)
445 = H(I)/d(I)
ZP1 (I) :1 .0.BIPL(MS)

23 CONTINUE
ZP 1(2 )  = Z P I( 5 )  = 1.0

C STRUT END PLATE EFFECTS
4 4 8 ( 4 )  = 1.9*8(1)*COS (G1)/b(4)
448(5) = 1.9 t3 (3)~~C0SS (3)/E3(S)
IF CN$1801 .LE. 2) GO TO 25
HB (6) = 1.9~~(d(1)~~COSS(1 ..44(2)*COSS (2))/R(6)
ZP1(6) = l.0

25 CONTINUE
00 26 1 = 4,NFS

26 A (I ) :A (I)* (j.O+P-IB(I ))
I-CS : YC4)/8(4) 2 (3 NSTPUT)
ZPI (4) = 1.0.bIPL (MS)
00 27 I : 1 ,NFS

• CLA (T ) = CLALF (AO (I),A(I),ZPI(I))
27 CONTINUE

00 9 ~ = 1.3.2
HCSQ = 20.0*(l.05*)i(I)/CBAR(I))**2
*0( 1)  = TP ! 0 ( L . — . 960T C ( I ) ) ~~C O S ( S W E E P ( I ) ) * ( 1 . ,4 4 C S Q )/ (2 . .$C5Q
I-CS = 1.05°H(I)/8(I)
ZP1 (Il:1.o,aIPL U,S)
CLH(I)  A L F ( I ) * ( C L ,~L F ( A O ( 1 ) .A ( L ) . Z P 1 ( I ) ) ~~CLA ( I ) ) / ( . O 5 * S I ( I ) )

9 CONTINUE
28 - CONTINUE

00.91 1 1,NFS -

CLPI( I) S( I)~~CL I1CI )
S C ( I ) : S ( I ) O C L A ( 1)  -

Y Z ( I ) = Y( f ) * C 0 S S ( I ) . l ( I ) 0 S L l~.6( I)
91 CONTINUE

00 92 1 4,NFS
Y R = Y ( I ) — .5 * P f l L ) O C C S S ( I )
Z R :Z ( I ) + .5 * B ( I ) * A 8 S ( S I N G ( I ) )
YHN YN*COSS ( I)  .LN~~5IP.G ( I)
Y 4 ( I ) * ( ( Y R R B ( I ) ) * W J Y R W * 0 3 ) / ( 3 . U* H U) )

-~ 43
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92 CONTINuE
DC) 93 1=1 .3

93 Y4 I)=Yn1 **2
-4

- 1
SC (5 )  =~ S0SC (5

• I F (N S TRU T .L€.?)GO 10 130

H ( N FS )= .5*B(NFS)
• SC (NFS) .5*SC (NFS)
• 130 CONTINUE

C C O M P U TE  F NtUUEN CY  IN D EPE ND ~~ N1 T ERM S

A22:A24 A26 A44 A46 A66=o.0
00 10 I=I ,NF s

• Q= TP I 8 ( I)  (CdAH ( 1)/ 2 .)  *02
QQ Q* S ING( I)**?

- -4 A22 :A22 ,UQ
424 :A24— Q*S ING C I) * Y Z (  I)

4 A26 A 2 6 . 00 0 SX ( I )
A44=A44 .U~~Y 4 ( 1)

-1- I
10 CONTINUE

*64=446
A6 2:A26
A22 F:A22
A24 F A24
A26 F:A26
A44 F A44
A46F :A46

A66F=466
Y Z F = Y F * C O S S ( 1) + Z F * S I N G ( 1 )

• CALL FLA P I P F , TA , 14 . 17 , 1 8 . T 1O , T 1 1 )
A 2F=~~2.*8F*T1*(CF/2.)**3

A4F —42F*YZF
A 2F=A 2 F~~~S IN GU )

A6F:A2F*SX (1) .2.*8F* (CF/2.) *04*  CTT.PF*11 ) ~S ING( 1)
A 2R _ T ,~~I*8 (5)*C)3AR(5)**3/jb.

A4R ~~~~ A 28 -42 (5)

A6 R A 2 8* SX (5 ) .T P I* B(5 ) * C RA N( 5 )* *4 / 1 2 8 .
WRITE 1042

- • 1 wR ITE 1043
DO 99 I F #= 1 ,N F H

w=FR1 .(IFR~~1-)*DFR
QW=W*w/32.2
822=824 C24 826 C2F, F2: (0.0,0.0)

844 C44 4446 C46=F4 (O.O.O.O)
- 862:Bb4 C64 8bb:Cb6:F6 (0.0,0.0)

B8:8(4)
00 20 j:4,5
IF( I.11) .4)GO 10 19

19 C O NT I N UE

(1:PI*3(I)*C8AR (I)*SDAPP (w,I-444)
• I 822:822.1,1

b44=844.Q Y4 (I)
H6b 8’,8,0 0 SX (  [ )* *2

20 C ON T IN UE

IF( NST RUT .LE.2) U0  TO 133

44
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• 1= NFS

4422

~44~~~44.Q~~Y4(I)
r~68 dbb+0 *SA(1I**?

-
• 

- 
133 CU N T (N U t

• L~~( I J . U T . O . 0 ) t ~i 10 16
-

• C AL L  ZE8O h’~,’32d .b’~~i .’j66)

132F B4F 116F=C?E=C4F C€F (0.0.0.0)
828:444k: =C2M=C 4k Chtl= ( 0.0 .0 .0)

-: GO TO L?
16 CONT INUE

DO ii I=1 .NFs
H ~= .5*C44AN (1 )*~~/U -

CALL TME0JON(4(L ).Q.CI~.SE)
P=SIN~~(IH~~2
H=SING (I) YZ(t )
T S X  (I) —C HA R 11)/4 .

• QI=U*SC (I)*CCc

s~ 22 = B 22 • 00
C ~)

H 2 4 ( ~24_ ( 4 I *R
4444 4444+QJ*y4 (I)
1464 =F4 8 4_ I ) I * R *X ( I )

UU=OI~~T

~4 B 4 ~,—R~’ (444..J(.1)
6=!~6b+ ~~~( T * b 4 + A ( 1) O 0)

4 1 OI=_ U*w2*CL s-1U )*Clc *YiI)
C 2 4 = C 2 4 . O I* S I N U ( i )
C44 C44~~O I * Y Z ( I )
C64=C64+UI*SIN(, (I) *X (I)
Ot=_U**2*SC ( I )  *CI1~*S I NG  ( I )
C26=C26 .QI*51N,(t)

• C46 C4f—OP~YL(I )
C66:C66,0i*SINU(I)~~X (1)
I F (I .LE. 3) oO TO 94
IF (I .GT.- 4) 4,0 TO 95
Yk Y(I)— .5 8(I)~~C0SS(I)
1 k:
Y88 = YR*CO~ S(j).%N*SjNO(I)

= h i t )

I~4T h(I)..5*d (I)*AbS( SIPlU(I))
GO TO

95 CONTI NUE
C-l I-I =

= — 1 ( 1 )  — - 4 ( 1 )
I-ID = h(I ) — 4 4 ( 1 )
MT f-SO • ~h

‘,~~, CO NTI NUE
OW e =

- Y T T  Y W W  , -I l-,

TR ( 5IWW * Y ~~r~

45
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TI = u*~~* Y TT
T = E A P ( T N_ 0 e * H O ) / i 4 * UW ~4 * * ? )
P = _T*tEX P (_ TR) .~CT9 .1. )_ EX 1-~(_TT)*(TT,L.))
8 = —S INii (I)
T = —Y (I)
TI = EXs~(_U,f *H0)_EXP(_O,. I-iT )
IT = IT/(Qw* (HT—HO ))

• 00 97 .i=1.2
P P
8 : —H
1 :— I
UI = _ . 6* U* C t A P (A I* U i i s*T ) * S C ( I ) * St * S * (R .A I* C O S S ( 1) )
F2 = F? • O1*8*TT

4 F4 = F’. —

F6 = F6 • OI* N~~X (1)*TT
97 CONTINUE

GO TO 98
94 CONTINUE

R=— SLNG (L)
T:— Y (I)
00 12 .J=1,2
P=-P
R=—R

Q I=_ .5*iJ*CE*P(uL* (W*T)*(U*CLH (I)*C K.SC (I)*St- *w~ EXP(_Q.d*H(1) )*(8
i.A I CUSS (I)))
F2=F?.sJj*R
F4=F4_UI* i~

4 F 6 = F 6 .U I *N * X ( L )

12 CONTI1.UE
• 98 CONTINUE

IF (I.NE .1)GO TO 11
P YF*COS$(1) .LF*SINI,(1) •

01 T4 - CL A ( 1 ) *C I c °T 1 I / T P I
• U I _ .S~ U*e F*CF** 24 Q 1

B2F UL*SING(1 )
• 84F=—Oi °P

O I :T 4 * S A (1 )_ C LA ( 1 ) *C K * T l 1 *A (1 ) /TPI

QI UI..5 CF*(T1—TM— PF*14. .5*111 )
• 4 86F:_ .S*U*6F*Cf0*2*QI*SING (1)

Q I:U~~*2~~8FG CF ’ C LA ( 1) * C K* E F F
C2F OI~~SINGI1)
C4F —UI * P
C6 F = C 2 F * X ( L ) — .S*U** 2*~~F*C F** 2 * ( 1 4 . T 1 0 ) ’ S I C - 4~,( 1)

4 Li CONTINUE
() I= C L A ( 5 ) C’c

a2R= I~* (PI.UI)
4448

C?I~e =_ .5*IJ~~*?* S( I, ) -1 0 I
C4k — C2 W Z ( 5 )

: C68:C?N*A(5)
17 CONTI~~UE

wRITE 1940,~~
,A44f - .r~44.C44.f4• I C44 C.,4.C’.451

46
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- .4 CALL HULL .~
C CA LC ULA T IC1’~ ill- 4’~~.t-3 ’S.C’S 4.u r ’~, i’504 CO?~~L.- C t

CW-’P’ TE rIYONOU YC--iA M IC ~AT HI~
- MI~s= AI- ~~

U 0 :_ A ? * ( , ).22+EM )  ,.41.*54?2
- CALL MATG (i ,i )

CALL kuTG (1.3)
U0=—w2~~A?6.~.Ie,’~bd,,.C26
CALL frAT 4,(j,~,)

- UO=_w2 *A ?F•A IW*~32F.C2F
CALL MMT G(1.7)
OU=_w2*A ?R .AI~~~~?k•C2H
CALL HATG(1,9 )
UQ=_w2*A24.MIW*824
CALL MA TG(3 ,1 )

• j QU=_ ~ 2* (A 44+XI%.AIw *~344.C44• CALL MA TG(3 ,3)

CALL M A T G ( 3 , 5 )
QQ=_W2*A4F .Afw~~i4F,C4F
CALL MATIj (3,7)

• UO=_W ?*A4R.~~Iw*84H.C4.~
• CALL MATG (3 .9)
• QO:_ i~2 * A 6 2 . A L w *b6 2

CALL MAT G( 5,t)

~~~~~~~~~~~~~~~~~~~~~~~~~
CALL MAI4,N.3)

- -

4 CALL MAT (j(5,5)
U Q _ ’.2*46F.A I .~~HbF, CbF
CALL MATG(5 .7)
0U=_w2*A 6R,AI~~~AbR .C6R

• CALL MATG(5.9)
- UU:(_W2*UFOD.AIW *OFD,OF )* (_WF * 2)

CALL NUTG(7,3)
QO~~~W2.AI W*2. ~ZE1F*~ F+wE**2CA LL MA T (5(?.7)

CALL MATG (9.5)

• 0O=_W2,A Iw*2. *LET~~~~k.~ N **2
CALL MATGC 9.9)

- 3 UQ=(0 .O,O .I ) )
I CALL MAT (i (7.1)

CALL MATG(7,5)
- 
I CALL MuTG (7,9)

-
~1 C ALL P 4 A T G ( 4 , i )

CALL MATG(9,3)
C4LI. MATG( 9,7 )

C COfrPUT~ EXC IT ING FGPCE VECTOH
EF(1 )=R EAL (E?)4t F (1)
EF (?) A1C ~i AU(F2 ).aP- C- ’)
EF (3) 8EAL (F4) Ef- (3 )
EF ( 4 )  A IMAG (F’.) .EF ( 4 )

-~~ EF (5) kEA L CFS ) •rLf(~,)
EF (6) A I~~A G C E ~~).~~F ( -)

47 
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DO 14 1:7.10
14 EFC I ) 0.O

C SOLVE FOR MOTIO NS
DO IS 1:1,10

15 GC I ,i1) E FC I )
WRITE 1041,N’.4,844,C44,EF(3),EF (4)
CALL SOLV (G,EF,1O .11,1540X,IC K)
00 225 J 1.1O

225 OUIP4(IFR.,J)=EF (J)
99 CONTINUE

C OUTPUT FRE QUENCY RESPONSE
WRITE (6.212)
WRITE (6.231) 4
WR ITE (6 .2 14)
WRITE (6 .215)
DO 227 LW 1,NFR
W= FRL . (Lw—1 ) DFR
WL TPI*32.2/W**2
wSLP TPI/WL

• WL WL/EL
S *MP= SORT C 00144 ( L W ,  1) *2 .0018 C Lw .2) **2)
SP44 57.3*ATAP4? (OUTM (LW .2).OUT# (LW.1 ))
k A MP = SQ R I ( OU TM ( L W.3 )4~*2,OU IM(Lw.4)**?)*S7-.3

RPH=57.3*ATAN2C0UTM (LW.4),OUT~~CLw,3))
YAMP SURI (OUTM(LW ,5)**2+OUTM(Lw,6)**2)-~57.3
yPP1 57.3*ATA N2(OUTM(LW,6),UUTI4(Lw,5))
WRITE(6.?t6)~~,SA MP,SPM,RAMP,RPM,YAMP,YPH.WL

• 227 CONTINUE
IF (N SEA .LE.O )GO TO 1000

DO 54 .JS:1.NSEA
HSEA 4 4 S W ( J S )  -

ISEA=TS ~~NS)
C IF (MSEA.GT .O .0) GO TO 30

ISEA O
GO TO 35

30 IF( hSEA.~~T . 1 . O)  GO 10 31
ISEA:!
60 10 35

31 IF( HS EA .GT.3 .O)  GO TO 32
ISEA 2

- 4 60 10 35
32 IF( HS EA .GT.5 .O)  GO TO 33

• ISEA 3

‘4 60 10 35
- :  33 IF ( H S E A . G T . B .O )  GO TO 34

ISEA:’.
60 10 35

3’. I F( MS LA . GT . 12 . O )  (30 TO ~~
ISEA:S

- • 60 T0 35 •

45, IFCHSEA.GT .20.O) C-C) 10 47
ISEA b
60 10 35

47 I F ( I C S E A . GT . 4 0 . 0 )  GO IC 4$
ISEA =7 - - •

60 10 35
~øi IS EA M

• 4 - - - -,•
~~~~~~1_ _ _ _ _ _
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1-, CONIINUE
N1OT N5-’US.
00 ifl I 1.N1UT

7fl DSP (I) =~ EL ( I )  ACC ( I) :0
S 44€To=b~~Tv=Hs ra=o.o

00 71 L W : i , N F R

w2=W*w
— W 4 : W 2*~s?

FW=SE4STUISEA.TSEA .~IS)• O=Fw*(UUT M(LI.7)**2,OUTM (L-W,,1)**2)
44€ TD = ME TO .0
SET V=44ET V.0GW?
BET A HE T A .0
DO 72 I 1.3
J:2*I

• 7? SPEC (I) Fw*COUTM(LW,,J_1)**2.UDTM (Lw,J)*.?)
-
~~ DO 73 1:1.3

DSPCI)=DSPU).SPEC (I)
VEL (I) VEL (I).SHEC (L)-*w2

73 A C C ( I ) ACC (1) .SPEC (I)*i4

• IF(NPOS.LE.O) .iU TO Ti
• 00 76 I:1.NPOS

DO 77 .J:L.2
77 SPf ) ( U) = Q U TM ( LW . J )_ ZP OSC I ) *I )U T M l L . s , J . 2 )_ ( A P O S(f )~~~~L/2O .

_
~~CC~) *OUTk (L

• W . J + 4 )

76 S P EC ( 1) : Fw (s ,s) p I ( i) * *2 .S p) P (? ) * * 2)
DO 78 J:4.NTOT

- 1  DSP(J)=DSP(J).sPECCj—3)

4 V E L( J = V E L ( J ) . s P E C ( J_ 3 ) * W 2
7)4 ACC (J) ACC(J).S~-’~ C (J~ 3)*W4• 71 CONTI NUE• I DO 74 1:2, 3

D S P C I ) S O RT C D F N* U S P ( I H * S 7 .3
VEL(f ,ZSOWT (OFp(*VEL (I))*57.3

74 A C C , ( ) : I O R T I U F R * A C C C L ) ) * 5 7 . 3
WWITE(6,21flISEA ,HSEA ,TSEA
WRITE (b.?18)
W W I T E(6 .2 1 9)
w R I T E  (h .220)
w R I T E t 6 , 2 2 1 I u s P 2 ,v E L 2 ,AcC i~~WR I T E (6 . 2 2 2 ) O S P ( i ) ,V t L ( 3 ) .A C C I 3)
B ET DZ S U R T ( U F W * 4 4 E T D I G S 7 . 3
BETV : , IW T ( DF W t T V ) * 5 7 . 3
44 ET A SUR T C O F N ~~J~~T A ) * S 7.3
W RI TE (h,22~~)~( t T 0 . H E T V . 4 4 E T A
DS P (3 ) : O S P ( 1)  -

V E L t 3 V € L f 1 )
A C C ( 3 ) : A C C ( 1 )
00 7’ I 3,NIOT
05R( 1I ’~HT ( L) F R ° L J S P ( I) )
VEL (I) : J N T C U I ~4 4 * V EL U ) )

I ’-, A C C ( I ) S U W T ( UF R * A C CC U )

W R I T E  (6.223)
wllIT€(6.2IR )
wC4 11€ (6. 224)
wRI T 1 (A.22~~Ir ) ,R(j).VtL (3f .A ,CCJ )

-

~ 

-- 
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4
IF (NPO S.LE.0)GO TO 6’.
WNITF (b,24O ) (XPUS(I_3),LPOS (1_J),()SP(j),VEL(I).uLC([) .j ..,.~ T -,()

54 CONTINUE
1 000 IF (EOF (SLINPUT))909.999
909 STOP’

• 18 F0884TC11
212 FORMAH1Mi//25XGFNF0u~.NCy kESPl O i’IS h*)
214 FORMAT (//t5X444SwAY.19X444R0LL,~~uA jN YAw.1SX5,I.,,.L./L)
215 F0WMAT(3X ,1 ,7X.3hAMP,5X,5MP’ 5E,10X.iHAMP~.5X,5 MSE,1 .3r,4’.=’.,

— - 1X,5HPHASE)
216 FQNMAT(F7 .3 ,2f9 .3 ,5x ,2Fq .3 ,5x,~~F9 .3,FJ5.3)

217 F O N M A T (1 H 1 //IOX*ROOT M E A N  SOUA8ES IN SEA STATE*12.5X*HSEA ~~~~~~~~~
• 

- 
1X’TSE A :*F5.2)

H 218 FONMAT(,/,15X*RULL AND YA ~~”)
H 2.19 FORMAT(1SX *OIS PLA CE 9ENT *11X*VtLUC 1TY*I1X*ACCFL I- I~A TION* )

220 FORM AT42OXGDE&*15**DEG/SEC*I2XIORUEG/SEC**2)
221 F0RMAT (/6X*WOLL*Fi5.3,2F2~O.3
222 FOR MAT(/6X*Y.~w*F1 6.3,2F?o.3)
223 FO NMA T (/ ,/ i 5 X ~~S~~A Y AT POSIT ION INIUCAI EO*)
224 F 0 N M A T ( 2 O X - 4 FT * 1 6X * FT / S E C *j 3 X 9 p 1 F T / S E C .~*?)

• 226 FORMAT (/6**CLAIJ*F15.3.?F20 .3)
228 F O R MA T (/ 5 X * C G * 3X F 1 5 . 3 ,2 F2 0 . 3

4 231 FO~~MA T (/ ,5X *SeA Y  A~4P IS NON—1)l8~ NS1ONAL . POLL AN[) YAw ~~kPS IN DLG/
FFT )

240 FORM A T ( /2 X , *A=*F5.1* ,Z *F4 .i.rg .3.2F?0.3)

13 FORM AT (HFLO .4)
40 FORMAT (12,2F10.3)

• 43 FORMAT( /3X*NFR=*13.5X*Fk1=*F5.J,5X*OFH:*E5.3)
81 FORMAT(2F 1O ....12)
tOt FORMAT(tI -41,5X*U*9X*tL*)4X*P4CG*7A*XCG*6X*RP’G*~ X*yR(,G7X*tJ15P*7I~*RiOse )

1001 FORMAT(/iX. *(*I2~~~*2FiO .4)
1002 FORM AT (/5X*GAMG7X*SWEEP*SA*ALF*TXGRG9X*C )4*MA*(.E*BXGTC ~)
1003 FO RMAT (/ 1X X ( 4 )  = *F8.4,5X*Y (4) = *F7 . 4 . SA * M (4 )  = *F7. , . S A * X ( D I

~ 0F8.4,5X*H(5) = *F7.4) •

1004 FORMAT (/1X*MF = *FR.4,5X*PF = •F8.4,5X*EF *F6.4,5X*~~ =

SSX ZETF = *F7.4)
1005 FORMAT (/1X*w N = *F8.4.5X*ZETPi = *F7.4)
1006 FORMAT (/1X*QFUD = *F&.4,5X*UFI) = *F8.4,SX*UF = *F8.4)

- - 1007 FORMAT (/ lX * URDt)  * F44~~4.5X*~~p~~ = *F8.4.5X*Q# = °F8.4 )
U 1008 FORMAT (/3X*HS€A :*F12.2,3X*TSEA=*F t2.2.3X, NP0S=~~,13)

1009 F O R MA T (/ 1 3 X , GXPO S~~1OX *ZPO S* )
1010 F O R MA I ( / 3 X 0 6 A 8 ( 1) * 2 X * SW E E P ( I ) * .4A , *A L F( 1) * 6 X , *M( I) 5X*  C R C E )

15X~~’CTCI))*)
1 014 FORMAT( /1X,~~NFO IL= *IL,4X*NST RUT= •,11)
1040 FOHMAT (F1O .3.7t12.4)
1041 FOHMAT (iOX ,7E12.4) I -

1042 FORMAT (1I1I//,-,X*ROLL COEFFICIENTSG)
1043 FORMAT (//6X*W*1O**A44*HX*4444P*44X*444’.I*8X*C44N*.~sA*C44I*~~~~F4R*5~X

1 F 61 /)
50 FOR MAT (21 3)
51 FORMAT(/SX*NSEN=*12,SX*NPOS :*1d)
53 FO NMA 1(/ 4X * HSw4 + 7 I~,~~TS I4* )

END

S $

LI
50
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su8ROurIf-.E SULV (A .A,N,M,INU* ,1C 1( )
C

• C. SOLUTIONS OF N LINEAR EQUATIONS IN ~ UtMNOaNS.
C
C M:N.j

• 
• C

C MATRIX tU UATION SOLVED IS
(S

-
• 

• Sc 8*Y:C
C
C WMERE d (I,J=A (I,J) I,J=1,N
C Y (I) X(1 ) 1=1,N
C C (I) A(I,M)

• C
C IF NO SOLUTION FOUND 10K IS SET EUUAL TO 1 FOR RETURN .
C

DIMtNSION A ( N ,M) ,X ( N) . I N DA ( N)

H ictc=o
• . 0010 I = 1 . N

INDX( 1) :0
10 A(I):0.O

00 20 J=1,N

U Z Z = 1 . O E— L O
1R0w:O
00 30 1=1.N

• I F ( I N DA ( I ) . N E .O ) .  GO TO 30
T E5T A 4 4 S ( A ( I , J ) )
IF(TES I.LE.ZZ )  GO TO 30

• 1Z :TEST
¶ 4 

• 
IHOw=1

30 CONTINUE
I F ( I R O w . E Q . O ) G O  TO 20

40 INDXUKOW):J

- , ZN~~A ( 1 8O ø ,J )
IX:N.1
00 50 K 1,II

50 A ( I RC iw , K) A ( 1 RO~~.K)/ Lh
DC) 60 I 1,N
IF(I.EC.s.IROi)(iO TO 60

II=tv.1 -

- I  DO 61 K IL ,1I
A (L.,~) A(I,K).* (I,,iI*ACIROW.P(J

• 61 CONTIN UE
60 CONTINUE 

-

20 CON TINUE

00 80 I 1.N
- : IF (INU X(1).GT.O) GO TO 80

T E ST =A bS (A ( I , N . 1) )
I F CT E ST . ~~T . 1 .O E —8 )6 O  TO 99

30 CONTINUE
• DO 71) I I,N

IF( INOX( 1) .E( l .U)  60 TO 70
X (IM)XW) A(I,N.l)

70 CONTINUE• RETURN
99 W R I T E (2 . 1 0 0 )  

51 
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100 F08t44T(2OXIIHNO sOLUtION)
ICCC=i
I-IEIUNN
END

— - S U B R O U T I N E  M A T t i ( L , J )

COMM O N/C O M L / U U , G ( AO , 1 1 )
C OMP L E X 00
G( I ,J ) :R EA L(UU)
G (I,.J+1): A IMAu (UU)
G(1.1,..a.i):G (I.J)
G( I~ 1.J) :—G (1,J.1 )
RETURN

H END

FUNCTION SEAST(MH,TT,w~v)
C P444 IS SIG. WAVE MT. IN FT, TI IS PtRIOD IN SEC, MW IS F-~~QUENCY IN
C RA D/SEC. OUT PUT SPECTRUM HAS uN i rs  FT ~~*2/ ( RA O ,S t C ) .

COMMON/SSGM/A QQ(80 ),AjO(8U),AU1(80),A2O(8O),Aj1(BU,,AQ ? (dO) •

DIMENSION F C 2 )
P4 I-sP1*.30444~ 4.Uj6
T= IT— 9 .159
W :WW*TT/b.283 185
IF (~~.6T.O.O5 ) GO TO 2
SEAST=O.
RETURN

- 
- 

2 IF (W.LE.4.0) GO TO 3
S E AS T = 0 .
RETURN

3 CONTINUE
N: (N T ( 

~ / .  0 5)
DO 1 1=1.2
M :N .I—i

S E A S T S*MPi * *2 * T T/ 1O i  • 1593
RETURN
END

52
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BLOCK DATA SEAST UM
C Q M M O N / S S G M / a O U ( 8 O ) ,A 1 0 ( 8 0 ) ,A O j ( 8 0 ) ,A 2 O ( 8 0 ) ,A 1 1 ( bO ) ,A 0 2  (80)

‘1 DATA A U O/ O . .Q . ’  .0000t , ,00018..00133 ,.00324 . .0070Ss, .O1 j2S..O2bi8,
1.O533b..1164 1..25OJ ,.494j. .8JO54 ,1.23 19S.L.b9811,1.i99S5,L . 7b~~,3,
2 1.56762,t .3O231,1.079044,.9 1784 ,.77733..b68 1b,.5f3Eb,.W9269,.43533,
3.3848?..33183..?8287,.25230,.232u5,.216511..?037..19’di,.18371,

j 4 .173SO..16i29..i4752,.14321..1J5S8..120’~1,.1Ob97,.O’i764,.O9D52,
5.08372, .0764 b,.06884, .05932 ,.Q515o,.04350,.038b0,.03047,.02363,
b.0 1831, .0 1466, . 01117, .00829 , . 00561, .00395.. OO2~I3. • 00225, • 00143.
7 .O O O 5 7 , .0 0 0 O6 ,— .OOO4 1 ,— .0OO32 ,— .OO O 12 ,— .OO 0O b,— .OO O3~~.— .OOo59,
8— .00077,— .00097,— .00080,— .00047,— .00032,— .00022,— .000t4,-- .000044,
9— .00003/

DATA A 1 O / O . U ,O . O ,— .00001. — .00004, — .00 043, — .00144, .00255, .00387,
1— .0 0543 ,— .004 75, — .00017,.0090 1 , .02629,.04993,,06652 ,.O6000,.03906,
2 . O O 4 6 7 , — .O3727, — .Ob9 26,— .O796J , — .064 24,— .OSZ~~5,—. 043.~~ ,— .O3 261,
3— .01857,-- .012b3 .— .009 1 1.— .0 080 1,— .00 336,.00342..00539,.00458,.004 ,

4 4.00652 , .00907,.00923,.01084,.01613,.01451 ..01063, .00d39..00592.

5 .00532 , .007 14 , . 004477 . .0 1007, . 01077 , .OtOQk , .00923, .00750 , .00467,
- : 6.00175 , .00034,.00066 ,.OOlOt, ,.00095, .00090, .00102, .0009 1. .0006tS,

7 .00036 ,.000SO,.0007T ,.00093,.00073 ,.000?7 , .000 td, .00015, .00003,
8— .00009,— .0001i,— .00013,— .00009,-- .0000b,— .00003,— .00001 .— .000 01.

- - 90.0.0.0/
DATA 40 1/0 .0.0 .0.  . 0 0 0 0 1, . 0 0 0 03 , O .O ,— .0006 7, — .00 24 ,— .00558,— ,0044 22,

I— .01065, — .0 1169, — .U1241,— .00664 ,.0 1278,.03974,.06999,.u8177,.D55H.
2 .0 184 1,.0027 , — .00 2 76 ,— .01522,— .03 524 ,— .0348 5 ,— .03 189 ,— .03944 3,
3— .03554 ,— .O 3005 .— .02822 ,— .O 2864 .— .02787 ,— .02231,— .O 17 16.— . 012 19.
4— .01098 ,— .01213,— .O 106 1,— .01317 ,— .02 02 1,— .0U8 12 , .OO.s44 , .OO 1443.
5.01083..01190..01113,.OlO?1..009841,.00930,.01115,.O1152,.011b’.,
6.O 1193, .O t243 . .0 t189 . .0 1OS4. .OU913 , .OO7a5 , .0O6 74 . .Oo ~~,4, .Uo4 75.
7 .00422 ,.00403 . .U0345, .0O256. .00184, .00129 , .00124. .00120,.oo1o9,

9. 0000 7. • 0 0 0 0 4 /

DATA A dO / O . .O . ,O .  .O..0...00005, .0000f . .000 16..00035. .00033,.00022,
• 1.0O07’~i , .OO 172 , .OO4 17 . .O04441 . .OO 119 , — .O U6 b,— .0O 93 5 ,— .0Ob 04.— .OQO44 ,

2 .00188, .00049,.00021,— .0002 1.— .0003 ,— .00 107 ,— .OU 1J 7 ,— .0008 1,
3.00131,.00251 ‘ .00183 ..00020.— .00063,— .000 76.— .0008 7 , - .0006, — .000 5,
4.00013 ,.00108. .0005,— .0000 1, .00023 , .00042, .00046 , .00045. .OOtj S2 .
5 .0003 . .00017 ,— .00002 ,— .000 1S,— .u0 Ot1 . .00002 ,.00011 , .00008 .— .00012,
6— .00028. — .000 12. .00011. .00036. .0004, .00035. • 00013. • 00027. • 00054,
7 .00058, .00040,— .00003, — .0 0014 .— .0001, .0000t, .00014,.0002 ,.000?2 ,

4 8.00015, .00004,— .00001,— .00003 ,— .000 03 ,— .0000 ?,— .9000j /
DATA MI 1/O. .O . .U. . .00002..0002. .00041. .00071. .o0112.  .00146, .00103.

1— .O OI0J . — .O06 a 7 . — .01387,— .02494 ,— .02849.— .D lJbb,.0125b,.0241’.,
• 2 .025 iJ . .O 17t1S. .0 t3b5. .O 1369 ,.O1287 . .Ot19. .OU9 14 , .OOb0~~..O04’.1,

3.00222.— .00 303. — .00 754 ,— .00807, — .00403, — .0006 7, .00046.  .00026,
4— .03044 b . .00096.— .00 31.— .00 798 ,— .00544 ,— .00 238.— .00 232.— .00222,
5— .00222.— .0O 281.— .00349 ,— .00324 .— .00292,— .00 199,— .) ’ J l w 6 ,— .0001 1,

• 6— .00 094. — .0004 1.— .u0007 ,  .0003 1 ,.UUOSb. .0O 0 t9 , — .00u~~d .— .0OO 74,
1— .00O75 , — .UUO5- ~.— .O001O ,— .O 0 U t b . — .U0O 5b. — .u0O 54 ,— .UO03, .U0u 3,
M. 00048, .000J6 , .000(6 ,— .OO ( J*)2 ,— .000 I,— .0001 1.— .00005..00006,.000IJ .
9. 0001 5. • 00014 ,  • 00009 , .00005/

DATA A02/O . ,0 . .0 .  ,— .OU 0 0 4 ,— .00O~~1 ,— .00 0L6 . . 00027, . 0O1k . . 00193 .
1.00 t8b , .OOO 82 . .0U042 .— .O0OJ 2 , .UO428 , .00446,— .OO658. — .Ci~~142.— .U1?7.
2— .01106 ,— . U 0 i Z  1. • 00016. .00259. • 0u8~5.. 00818, , 00924. • 01304, .01044~3•0077b, .OO819, .OO995. .0O943 . .oo5~,s,.O 02l~2 .— .O 0011 ,— .OO 13 9.— . 0 0 1 T L .
4— .00314. — .O0 t* I3..i ,02644.— .O O 2 O 1 . — .006 14 ,— .006 3 .— .00615,— .00599.
5— .UO 5J~~,— .0U4J2.— .0UJ6.— .UU29, — .uO 3 ,— .OO 267 ,— .0U~~I t , — .OUL71,

53



4 b— .U01~~~,— .OOU ,— .0OO4J,— .uQU Uj, .OuO51 ,.0009W,.O0j2b,.0OL34,

8.0004.3 , .OJ0i~~, .OO 3~~9,.OO Q±5 , .OUu ~~d, .000lb,.000j4,.000044,.OOLJij4.
9. 00002, • 00001/- - 1 END

SU44i4UIIINE zENo (~~,a2?,1I44,bbbI
COMMUN /NEw 6/FIA d.YA~ AV.SWAY A v

4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
• CUMPLEA 4422 ,5344 ,b6b
- 00 1 L=t.NI- S

T= .8’.448*W’~S (I)
4 P GAM(i)/57.3

IF (1,LE.3)GO TO 94
IFU.or.4 G0 TO 9SI
ZR:2(I)..5*M (I)*AMS (SING(1 ))
YNk=Yk*C0SS(L).Lps*SIuss~~(1)

0010 96
95 CONTI’40E

YN R — Z ( I )  — 8 ( I)
96 CONTINuE

d4’. 44.1.L7’~T~~ANM 3 °FIAV
GO TO 3

- 1 94 CONTINuE
SI=TA NU~)
S 2 =— Y (II /1 C I)
A L F= A t I S ( ( 52_ s I ) / ( 1..SI*S2))

ALF A T A N ( A L F )

T (V  ( I) * *2 .Z (  1) *42 )
- - 4444 841..T*AH M**3*CNS(ALF)*FIAV
- 

• 
3 CONTINUE

A LF:A MS ( P C
• T=T~~CNS (ALF)

244?d .T*SWA YAV
8bb:86b.T~~YA~~A V* (ABS (SX(I)))**3• 1 1 CONTI NUE
RETUR N
ENU

FUNCTIO N CNS (AL)- )
A S7 .3*ALI-
I F (A . LT . 4 O )  uO T O 1
CNS:1.t 1~ SI N (ALF )
I-f t TURN

• 1 CNS:.O4b7*A-~~1N (MLF)
RETuRN
ENL)

~1

• 54 
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FUNCTION SDAMI’ (W.8)

- DIMENSION FC16 )
DATA F/O.O,.U24, .O’.8,.298,.574,.905.1 .124,1.238,1.238.1.167,1.071
•,.981,.893,.821,.747..68b/
Tzl~ W*d/32.2• • IF(T .GT.O.0) GO TO I
SD*NP O.0
RETURN

-
- - 1 P~ T/O.1.1.ON—jIM I (PC

- IF(N•LT.15)bO TO 2
N 1 5

H 2 C=F (P4).CP—N)~~(F(N.1)—F (N))
1. 4  IF(C.GL.0.0)&O TO 3

CaO.0
3 CONTINUE

SDAMP*C*W*44
4 - RETURN

END

FUNCTION CLALF (A0 ,A,ZPL)
AOP I Z *0/3.141593
CLALF s *0•A/(AOPI*ZP1.SUHT(A.02.*OpI..2)) 4 -

RETURN
END

1 •

FUNCTION BIPL (Cl)
BIPL = (1.0 .bb H)/(1.0SS 3.7

~~
)

IF C 44IPL .GE. 0.0) GO TO 1
$IPL : 0.0

• 1 RETURN
4 : .  4 END

I
SU44ROUTINE FLAP (P,T1,T4,T7,18.T1O,TI1)
P23P°P
X1 SQCIT(1. P2)
X2 AS1N (Xl)
TI=~ xL.(2..P2)/3..P*A2
T42—X2 .P X1
T7__*2* (.12b .P~2)~~.125*P0X1* (7. 2.*P2 )
T8g~ XI* (1.+2.*P2)/3. P*X2

•T 1 OS X1 .* 2

T1l *2 (1.~ 2.
P), (2.—P)°A1

RETURN
END

I .
55
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SLa44I4OUT INE TPicUjuN(A,O.CK.SE )
COMPLEA A I ,C ,C6.C3.(3 ,G6.G3,0I ,L,c,~~t
A l  = (0 . 0. 1. 0)

~ 4 QI AI *U
C 1 .O— U I * ( . 1 6 5/ ( . O ~.5.QI). .335/ ( .3 .uI))

L C 6=1.O— .361*U1/C .381 .QI)

C3=1 .0_ .283*Q L / (.54 .UZ)

G 1.O—0I *C .236/(.O58 .QI) ..513/(.364,Qf) , .171/ 2.42,0I, I

G6 :1.0—~~I* .44a/ (.29,QI ..272, .725+Ufl ,.193/ 3 .u.QL)

• 4 G3 : 1.O —O I* ( . 679/ ( . 5 5 8.Q I )s .227/ (3 .2 ,0 I ))
AC CA BS (C
PC A RGO (C
A C 6 = C A 8 S ( C6 )

H PC6=A HG D(C6)
AC3 C A 4 4 S ( C 3 )

4 PC 3 =A R GD (C 3 )

A G = C A M S ( G )
PG:AR 60 (6)
A 66 =C A 13 S C (36 1

PG6=*RGD 1 Gb)
• A63=CA8S (G3)

P63=41-460(63)
• - IF (4  .61 . 6.01 60 10 1

= F36 (A,4C3 .AC6)

PF = F36 (A , PC 3 , PC 6)
AG = F36(4,A63,AG6)
PG = F36 (A , P03 ,P G 6)

-• GO TO 2
CONTINUE
AF = F GT 6 (A , AC 3 ,A C b ,A C )
PF = 1 6T6(A,PC3,PC6,PCI
AG = F G TM ( A , AG 3 ,A G 6 , A6)

PG = F(3T b(A,P6 3 .PG6 ,PG)
2 CONTINUE

CK = AF~~(C OS ( PF ) • A I°S IN(PF) )
SE = AG~~(COSCP (i ) • A I°S IN( P6) )
RE T UR N

END

_
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4
FUNCTIO N F36 (M,Y~~,Y6)
F36 = Y3 • (Yb—Y3)/3.O* (A— 3.0)
RETURN
END

FUNCTION F G T 6 (A . V 3 , Y 6 ,Y C )
S = (Y b— Y 3 ) / 3 . 0
*4 = 1 2 .O * (Y 6 — Y C  • 3.0~~S)
8 = _ 36 .O* (6 .0*S  + Yb — YC)

- l FG T6 = YC • AA/ A  •
RETURN
END

FUNCTION A RG D ( Z )
COMPLEX Z
X = R EA L (Z )
Y 41$AuIZ)
A RG D :A T A N 2 (Y , A)
RtT URN
END

•1



4 SUbROUTINE MULLI
COMMON/GR/ NUI.I U N ,CA Y . A MC , D F C ,YA C ~~5 ,8 ) , LA (25 ,$ )
COMMON PI,HPI,(~~ L, TPI,MU,MOOt,OPH.CR,RAT,bUb,,UEU, (sT ,u~~r.,18M.Su.N

1OE,PDMeVOL.Otw ,UN,OMEGA,C P, .4vs , tU.OOG. IG,AA (~~5 , 1) ,YY (2 b . 7) . 0 t L(? 5 ,
27) ,SNE ( 2 5 ,7 ) , C S E(2 5 ,7 ) , F R (7 ) ,8 LU~,( 2 S ,7 .7) . YLU 6(2 S ,7 , 1 I,C O N(t 4 , 1 l,C

- : 3T( 14 , 14 ,  •PSII (7~~7) ,PSI2(7 .7)  .P’Hu( 1) • P R V ( 7 )
CO MMO N,NEW/A A (25) ,OXA (25 ) ,AC U ,EL .NST ,HCG ,C44M ,D1SP’ , ,p 10

- • 
COMMON/NEw 6/FlAV,YAwAV,SWAYA~’

• 
• IlP1= .5~~PL
• UPI= .5~ HPI

67 WEAD(5,13)GMIN
W R ITE (6,206) (IMIN

-. • f 4 E A D ( 5 , 1 3 ) F I A V ,Y A W A V , S W A Y A V
WRITE (6 ,2 07 ) F  IA V .YA W A V , S W A Y A V
Y A W A V = Y A i 4 A V / 57 .3

• FlA y : F ZA V / 5 7 .3
READ (5, 201) NST
DO 1 1ST 1.NST
READ ( 5 .4 4 1* 4 ( 1ST )
READ (5, 13) ( Y A (  1ST ,,j ) ,J :1,8)

WR ITE (6, 2051*4 ( 151)
W RIT E (6 ,36)
W R IT E( b . 1 3) (Y A I I S T , J) , J 1,44 )
WRITE (6,37)

1 WNIT((6,13)(ZA (IST,J),J=j,8)
DO 45 1 1.NST

45 X A ( I) XA ( I ) - ’ t L/ 2 0 .
- 

I D*AC1):.SwXA(2 )
• N P PIST—1
¶ 00 65 1 2,NP

65 DXA (Il— .5(7.A (I•1)—XAU— 1))
0*A(IMST)~~EL— .5~~(A A (NST)+XA(NST—1 ))
00 66 121.:ST

66 XA (I) X~ G— A* (I)
NON 7
NUT 8
00 424 I 1,NST

- 00 424 JzL,NUT
424 ZA (I.J):ZACI,J)—ZA (I,NUT )

j NOE 2 NON
: 3  C44H20.o

00 90 IST I,NST
• C4—0.

DO 89 I 1,P4ON
XI NT :YA ( IS T . L+ i  I — V A  C IST. I)
Y INT IA C 1ST,!.! I— LA ( 1ST. ! )
DEL C IST ,I)  =SUNT (X INT ~~X I NT .Y IN 1*Y INTl
SNE( IST ,I) :Y INT/ UEL ( IST ,I  C
CSE ( IS T , I) =A I NT / D E L( I S T ,I )
*X(ZST,I)z.5* (YAS.IST,I+1 ).YA (IST,I))
Y Y ( I S T , L ) = .5~~(Z A ( I ST , I . 1) . 1 A( I 5T . I) )

44 9 C4 X X ( I S T , I ) * (X I t ’ $ T * X X ( I S T , L ) . Y L N I * ( Y Y ( I~~T , t ) — t ’ C L i ) ) . C 4
-
~~ 90 C44h C44H.64 .45~CI.* U XA ( I S T )

.4 6MCALC C4~.H*RHU/ (224O. *DISP)
W W I T E (6 ,2 0 8 ) G M C A L C
IF(GMIN.LE.O .0)GO TO 230

58 
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C44H 2240. QOISP*GMIN/RHO
230 CONTINUE

SG —1.0
- M 0 2

C k O
DPH u.
DO 300 IST I.NST

• DO 301 J:1,NUT
YA(IST,,J) YA (IST,.4)/EL

301 ZA(ISI,J ) ZA (IST,J)/EL
DO 302 J*1,NON
DEL ( IsT.J) =UEL ( IST,J) /EL

-~~~ AX( IST,J)=XX (IST,J)/EL
302 YY (IST,J)=YY (IST .J)/EL

• I CALL FIND
- : 300 CONTINUE

RETURN
1 13 FORMAT(8F10.4)

3 FOR MAT ( 1MO ,5X ,93- ’A 8SCIS SAS)
37 FORMAT (1H0,5X ,9MOROINATES )
44 FO RMAT ( F1 0 .3 )

• 201 FORP4ATCZ2)
205 FOR P 4A T ( 1 H0 ,7 H ST A T IO N , F6 . 2 )

• 206 FORMAT(/S X*GMIN:4F8.4)
207 FORMAT (/5X*FIAV :*F8.4,5X*YAwAV=8F8.4,5A*SwAYAV:eF8.~.)

• 208 FORMAT(/5X*GMCALC=*F8.4)
END

a

El -

-4
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SU~ ROUTIN~ I-S ULLy.
CUM PLtA d22,d2’.,b26,u44,b4b,tf~~~.44b4,4466
COM MON/GM/NUT.NUN,CAY ,AMC.DFC,YA(25,8),LA (25,8)

- - CO# MON P1,HPI. I,TP1,ND,MUUt , M,CR,HAI,5UCl,L~.6,15T,DR1,h44M,$Cj,I’5

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
27),SNE (2S,7),CS 2S,71,FR (7),c~LO,(25,7.7),YLU6 (25,1,7),CO~~(t4,1),c
3T (L4,j4),PSLj (7,7),I-’s12(7,7I,P,~A(7),Pó.4V(7)
COMMON/NE W /XA ( 25) .0*4 (25)

- -

1A62,862.464.bb’.,Abb,866,EF(1O)
CO~ MON/NtW3/A2dV.A24F,A26F,A44F,A4bF,A6óF
DIMEN SION ER (J,25) 1F1 (3,25) ,H~~(3~ 2S),MI (3,25) ,AM (3,25) ~DF(3,25)•1 Q=W4Iw/32.2
WL TPL~~J2.2/W~~~2
Do = EL
CA’f Q-OD

- - I UN CAY
-

• OREGA= SQi~f T ( U N )
DO 100 I~~T 1 . N~~T
DO 100 M00E 2.3
GO TO (303,3U3.304)MODE

30 3 00 30S ~i 1,NON
305 FR (.J)=—SNE(IST,J)

GO TO dO
304 00 -30b J 1 , I~4U~
.306 FR(J)=(YY (IS1,~~)_ )1CG/DO)*SNE (IST,.J)+XA (IST,J)*cSE (IST,J)
430 CALL FREt)

ER(MODE,IsT) 0.
FI (MODE.IST)=0.
14R(MO[)E,IST) 0.

¶ CiI(MUOL.ISTJ O.
DC) 41 I 1,NON
Q2=EXP (CAY4YY (LST,I))4DEL(I5aT,L)*32 .2*DD
Q 3 = C A Y * A X (  1ST , I)
QA SZtv (03)
(1S = C O S( Q 3 )
Q6=SNE ([ST,I)*~~5—CSECIST,I)*U4
FI(MOUE,ISTJ~~~I (MOCE,!ST)—FR (j)~~tS2*Q4
HR (MODE. 1ST) = p-,~~(MOCE. 151) .U2~ PHV ( I) ~U6

41 HI (MO1)E,IST) NI (1-~O0E,IST).Q2~ PRV (t )’Qb
6(1 TO (SO .5O,51)MOOE

50 AM (MOUE.IST):A MC*IiO*OD
DF(MOUE,IST):w*OFC*OO*OD
GO TO 100

51 AM (j,L5T )=O .
OF (1.1511=0.

-: ER(3.IST)=OD4Ei~s(3,1ST)
FI ( 3. 151) =OO*F1 (3, 1ST)

HI (3,IST) 1J04H1 (3.1ST)
• 00 52 1 1,NUN

A M(I ,IS T )=AMCL ,1ST I~~SNE (IST,I)*Pr (ACI)*UEL (IST,I)
5? D F ( 1 . I S T ) = 0 P ( 1 , 1 S T ) ~~5 N E ( I ST s 1 l * P C lv ( I ) * U E L C I s r , I l

AM ( 1. 1ST) 4M( 1~ 1~~T P 4b4 .4~ ( DO/wI *92
DF(1,I$T )=LW (I.ISTI wP,4.4*0O*#2/w
A M(MOUE .IST) Ai.’C~ DU.’4
OF (ROut • IST) —L)FC’UO•’I.°W

--- - - —  -S -~~~~~~~~~~~~~~~~~~ -~~~~~- - I
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100 CONTiNUE
UWz U/ W * ~~2307 A22 —UM~~DF(2 ,NST) .A22F

1’ 822 U°AM(2.NST).4422
• A 24 =— UW ~~DF (j , NS T ) .A 2 4 F

1324 U*A M (1 ,NST) ~824
A26=~ U~ **A (NST)*DF(2,NST ).U*Uw*AM(2,N5T).A26F

• B26=U~~A A ( N S T )~~MM(2 ,NST 1+U~ UW~~DFC2 ,NST). b26
• • A44 =—UW * D FC3 ,NST ) . A 44F
• 844:U*AM(3,NST)•b44

A46~~~U* *X A ( N ST 1 * D F(j , N ST ) + U* U~~*A M( 1,NST)+A46FI -  84 6 : U*A A ( NS T ) *A M ( 1, N S T ) . U* UW * D F ( 1 , NS T ) + 846
A62 — UW *X A , N S T ) * D F ( 2 , NS T I .A 2 6 F
862 U*X A C N S T ) *A M ( 2 , NS T ) . 1 3 62
A64 — U W Ø A A  C N S T )  ~DF (I ,NST) .446F
Bb4 U* A 4 ( NS T ) * A M ( 1 , NS T ) , 1 3 64
A66 _U.*X A ( N S T ) * *2 * U F (2 , N S T ) . U * U w*X A C N S T ) *4 t 4 C 2 , N S T ) .A 6 6 F

• 866 = U*X A ( N ST ) * *2 *A M(2 ,N 5T ) .u* U~~aXA (N5T ) * DF(2 ,NST ) . B66
U2 2.*U/W

• EF (1):02*Hl(2,NST)
• EF(2 )~~~ I ~*4~$ R( 2 ,N5T)

EF(3 ) tJ 2~~MI (3 , NS T )
• • E F ( 4 ) = — U 2 ~~hR( 3,NST)

EF (S) =EF (1) ~XA (NST)
E F (6 ) = E F (2 ) ~~XA NST)

308 CONTI N UE
DO 103 IST:1,NST
XDX=XA ( 1ST) 90*A (1ST)

- 4 X D X 2 :X A C I S T ) * * 2 * DX 4 ( I S T
4 02:2.90*4(1ST)

• - 
A22 A22.AN(2,IST)*0XM (IST)
82 2 = 8 2 2 . D F(2 . I ST )* D*A ( IST )
A24 A24.AM (1.IST)*u*A (IST)
824=B24.DFU,1ST)~~DxA (IST

• A 2 6 :A 2 6 .A M (2 , IS T ) - *X O X • UW * O f (2 , I$ T ) 9 O X A ( I S T )
- 8 2 6 :8 2 6 .0 F (2 . I S T ) *X D X_ U9A N (2 , I $T ,a OX A c I S r )

A 44=A44.4MC3.IST *DXA(IsT)
844 8 .4 , O F ( 3 . ZS T ) * DX A ( I S T )
A46 A 4 6 + A M C 1 . I S T )~~Z DX+tj w~~D F ( 1 , I S T ) * DX A ( I ST )
846 8 4 b .DF( 1, IS T ) *X DX ~~U.A M U , I ST ) * D X A( j S T )
A 6 2 — 4 6 2 • M M ( 2 , L S T ) * X DA — U W * D F ( 2 , I S T ) - ’ DX A C I S T )
b62 862•O F (2. 1ST ) ~ X DX.tJ~~AM (2 , 151) ~DXA (  1ST )
Ab4 A b4 .A M ( 1 . I S T ) * A D X — U W ~~O F U , I S T ) * D XA ( l ST )
864:864.DF (1.IST)**DX .U*AMCI,LST)*DXA (IST)
A66:Abo .A$(2,IST)*XDX2,U*UW*AM (2,IST *DXA (IST)
b66 846•UF (2, 1ST ) ~X s4 )X2 •U~ UW ~~0F (2 , 1ST) a DA A (  1ST)
EF ( 1)  EF ( 1)  .02k (ER (2 , 1ST )  +piR (2 , 1 ST ) )
EF (2 )  =EF (2 •u2~ F1 2. ISn .1-41(2 , 1S T ) )
EF (3 )  =EF (3 )  ‘02’ (ER ( 3. 1ST) .5-4 k (3 . 1ST)
E F (4 ) = E F (4 ) . 0 2 * C 5 1 ( 3 , I ST ) . H 1 ( 3 , I ST ) )
E F( 5 ) ~~~F( 5 ) ~~U2 ’ ( A A ( I S T ) * ( E M ( 2 , ( S T ) • h R ( 2 , I S T ) • U* h IC2 .1~~T ) / M )

103 EF (6)=EF (6).02* (AA(IST)*(F1(2.IST),HI(2,!ST))_U*HR (2,IST),w)
RETURN
END

61
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• SUbROUTINE F.LNU
COMMON/6M/NUT .NUN.CAY.AMC,DFC,YA(25.8),ZM (25,Ij)
COMMON p1~~1-9y1 .t~P1 ,TPi.MO,NO , H.CR,WAT,SUN,UE6,I~~1,URT,MbM,56,N1OE,PDM,VOL,UEW,UN,OME6A, CP,~~VC1 ,L D , U O G , L G . A A( L S . ( 3 .yY ( ~~,.71,utL (~~5.
27),SNLt2S,7),CSE(25.7),FHI7),dLU6(25,7,7),YL06 (~~b.7.1),CO,.(14,L).c
3T (j4,j43,PSIjCT,7).PSI~~(7.7),P$g(7),j~ky~~7J
DO 1 lal,NON
XM1 AX (IST.11—SA (!ST.L)
YN 1:Yv (IST .I)—ZA (LST’l)
AI- 1:XA (IST,i) .YA(IST,j)
YPl :YY (LST.1) .ZA ( IST.1)
FPRl= .5*ALQ ,(~~’1”2.YNl’.2
FPL 1= • 5 4L04.I ( API
FCRI= .S*ALOG (*M1**2.YPI*92
FCL 1 .5’ALOti(AP1”2.VP1~~’2)
ApRI=ATAN2 C YMI , *1-411

• APL1 ATAN2(YMI.XPI)
ACR1 ATAN2 (YP1,X 1-41)
ACLL ATA N2(YP1 ,AP1)
DO 1 .J:1.NON
AM2=XA (  1ST, !) — Y A ( I S T , J .j )
YN2 =YY I  I ST , I )— Z A (  IST,J.1)
X P2:XXI IST , 1)  +YA ( IS T ,J . I)
YP2 Y Y ( I S T , 1)  .LA (LST..J.1)
FPk2= .5*ALOG (Ar429*2,yM2**2)
FPL2= .5*ALOG (*P2**2,YN2**2)
FCH2:.5*ALOGCA M2**2.YP2**2)
FCLZ .5*ALOG (XP2*02.YP2**2)
APR2 ATAN2( YM~~,XM2)
J1:.J. 1
IF(XN2.GT.0.UIb0 ~~ 4
IF (J1.GT.I) GO TO 6
j F(YM2.LT .O .0)A PR2=APR2 .TP I
GO TO S

6 1FuM2.GE.o.O AP82:AP R2~~TPI
5 IF(YP2 .LT .O .OC GO TO 4 •

ACR2 —PI
GO TO 3

4 CONTINUE
ACR2=ATAN2 (Y,’2,XM2 )

3 CONTINUE
ACL2=ATAN2 (YP2,AP2)

• 
- *PL2 ATAN2(Y442,XP2)

-• S 1 1 4 I SN E( IS T , I) ’ C S E I ZS T ,J )— S N E( I ST ,J ) ’ C S E( I ST , I )
-

• CIMJ=CSE (IST,1)’CSECIST,J).SNE(IST,I)’SNE (ISI,j)
SIPJ:SNE (IST,I)*CSE(IST,J)+SNE(IST,J)*CSE(IST,IJ
C1PJaLSE (!ST,I)’CS~~(IST,J)—SNc (1ST,L)~~SNL (1ST,J)
OPNR:SIM.J+ (FPMj -Ff -~R2) .Ci M~i’ 

( APN I—AI ’R2)

~~ PPR:CSE ( IST .J) ’ (XM1 ’ FPR I—YMI’4 PR1—XML—XM2’ FPk2 .Y M2’APR2 .
1XM2).SNECLST,,i)’ (VML’fPMl•ANI*MPRI—YMI—YM2*FPR2—XN2’APP2.YM2)

DPNL~~~1P.~’(FPL2-FPL1) .CIPJ° (AP L2—APLI )
PPL CSE (IST,.J)’(AP2’FPL2—YM2’APL2—XP2—XP1’FPLL.YN1’APLI.

AX P I) .SNE(Z ST ,J ) ’ (Y ML’ FPL 1.XP I ’APL I .Y 142—YM 2 ’ FPL2—AP2 ’A P L2—Y MI)
DC.CR:SIP.J9(FCrIl— I-Cs2).CIP.a* ( A C H I — A C R 2 )

• PC PzC5E( IST , , J ) ’ (XM1 ’ FCR 1—YP1’A I—XM1— ,~M2 .FCRe•YP2’AC:-~~.1XM2) .SNE( 1ST ,~~) ’ { Y P 2 FLR2 .X M2’ACM2 .Y Pi—Y P1* FCHL * M1 ’ACN1—YP2 )  •

DCNL SIMJ’ (FCL2— FCL 1 C .CIMJ’ (AC L2—A C L 1 C
-SM - .
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11 ).SNE(IST,M’(Y FCL2,XP2’ACL2—YP2—YP1’FCL1—*M1 .ACL~~.YPL)
BLOG (1ST, 1 ,1J ) UPNR.SG’DPNL—DCNPC—SGeDCNL
YLOG 1151,1,4) =PPR+SG*PPL~ PCH—SG*PCL
IF(4—NUN)2.1,1

2 XML :XM2
YML :YM2
XP1*Ap12
YPI—YP2
FPR 1:FPR2
FPL1:FPL2 -

FCR 1=F CR2
FCL1—FCL2

4 APR 1sA PR2
- - APLI:APL2

ACR1sACR2
- • ACL1-ACL2

1 CONTINUE

- 4 RETURN
END
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COMMON PI,h~~1,~~R1 ,TPI.MU.MOUE,OPM,C R.RAT .SUR,UEG,IST ,DHT,$8 M,S6,N
LOE,PDM.VOL.Utw ,UN,0MEGA,CP,~~V P-t , IU.D06, I(i,Xx (25’ 7) .VY (25,1) ,Dc.L (25

J , C T ( 1 , , 14 ) , P S I H 7 , 7) , P S I 2 I 7 , 7) , P H A ( 7 ) , P W V ( 1)
COMMUN/(,i4/NUT,.~UN ,CAY , A M C , 0 F C,yA (2 5 ,8 ) , L 4(2 5 ,4 4 )

LU 00 1 1=1.I40N
NI NUN.I

- l  CUNU.t ) 0.
CON (NI. 1) OMEG A’& i C I)

• XR1:UN* (*X IIST ,i )—YA(I ST ,L ))
Y 4-4 1 :— U N* (Y Y ( I ST , i ) . L A( IS T , 1)  C

H X L 1 = U N * ( X A ( I ST , I ) . Y A ( I S T , j ) )
Y LI YC4 I
CALL DAV ID 1*RL,YRI ,EJ1,CARL,SXRI.RAR I,kbRl,CH1.SR1 )
CALL UAV 1O (* Li,Y LL,EJ1,CX LL,SALI ,RA LI .R8LI ,C L1,S LL)
DO 1 4=1,NON /NJ NO1-s+4

H X R 2 = U N * ( X X ( t S T , I )~~YA ( I ST , J , 1 ) )
YR 2 = — U N* ( Y Y ( L S T , I ) . L A ( I ST , J . 1) )

- : X L2 U N * ( A X ( I S T , I ) 4Y A ( L ST , J . 1 ) )
• YL2:Y442

I • 
CALL 0*910 CXRL ,1R2 ,E42 ,CAR2 ,SAR2,NAR2,R8k2 ,cR2 ,5N2)
CALL AV IU (XL2,Y L2,EJ2,CXL2,SXLL,RAL2,R13L2 .CL2~ SL2)SIPJ:SNE ((ST,1)*CSE(IST,J)+SNE(tsT,J)*CSE (IST,!)
C1PJ=CSE (IST,1)~~CSE (IST,J)~~SP.t (15T.I)*SNE(LST,,J )
SIMJ SNECLST,1)*CSt (1ST ,JI_ SNECL~~T,J)~)CSE(L~~T,1)
CIM4 CSE (ISl.I)*CSE(IST,J).St..t(I ST,I)*SNE (IST,,J)
CT ( 1.4) =bLQG( (S T .  1.4) ,2.~ ( SIP.j ’ ( C14L—CR2 )—CLPJ ’  (SN1—5N2 ..$G. (SI

I 1N 4 ’ ( C L 1— C L2 )— C I M J ’ ( S L 1 — 5L2 1 ) )
-

, 
PSI1 (Z,,,)=YLOG(1ST ,1,.J).2./UN*1S~.E (IST,.j)*(kAk1—HAR2).CSE(I5T,J

1) ’ ( Rd R 1 .R BR2 ) ’S G °(S N E( IS T . 4) ’ I N A L L — RA L 2) .C S E( I ST .J ) 8 ( R 8L2 — R 8 L I I ) )  - 
-•

ii CTIP. I ,NJ)=CT( I , ,J)
I CT(I,NJ) T PI+( 2*(5XR2*CIP.j —CAR2*S IPJ)~~E.J1*(S)C pU*cIPJ_Cx

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
2’SI1-14)))

t(sAf42’csE (Isr.J)—cAe-42’sNE(zsT.J))—sG.(fJL~~(sALI’csE (zsT,.J).CxLI.sN
2E (IST,J))—E J2°(SXL2*CSE(IST,4).CXL~ *SN~~(IST,.jH))
CT (NI .4) =—CT ( I,NJ)
IF (J—NO N)7,1•1

7 XRI :AH2
- : YNI:Y 4 2

XL 1SXL2
YLI YL2
E.J1 E42
CR 1: CR2
SRi
CL1=C L2
SLL=SL2
K8441:R4M2
R8HI R8KI

• HAL I RAL2 -
~ 

-

R8L1-WbL2
- 

CAWI L*H2
SAP 1:SAW2
CAL 1 CAL2

64
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• S*L1:SALL
I I CONTINUE

CALL M*TINV (CT,NOE.CON,1,DO6~~1C)

60 TO 12,61.10
2 DO 3 1 1,NON

PHA (11 0.
PRV (I) 0.
DO 4 .J 1,NON

1 N4 NON.J

I PRA (I) PRA (I)+CUN(J,1>*PSI2 (I~~4) CO~~~~~~~~
*P S I l U

~~~
4 PNvtI ) PRV(I).CON (J,I)9PS1111,4)4C05-~

(5-4 hI*PSL2hI
~~~

I P N AI I) OM EGA ’ PRA( I)
• 3 PRV II) OMEGA’P5- 4V (1C

AMC O. O
4 DFC O.0

DO 5 1 1,NON
1 ANC AIIC+PNA (II*DEL (ISTII)*FH(1)

OFC=DFC .PRV( !~~~DEL( 1 ST , I )* l R t l)
- ANC 2 .O*A MC

0FC 2.O’DFC
ARc: A RC/U PS

• I DFC DFC/UN
• 6 RETURN

tND

a

:1

• 65
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• 4 C 0*91 — CO$RUTA (I’~IN UF FWEUUENCY DEPENDENT PARTS OF
C 2—0 POTENTIALS AND KERNELS

- SUbI-SOUT INE 0AVLDIA.Y .E,C,S,RA,Mb,CIN ,-~u~~)- A T A I A N L C X , Y )
A W G = A T — j  .57O79~~3E E X P ( — Y )

• C C O S C A )
S S I N (A )

• TEST=O.00001
IF(R.LT.1.O) (.40 TO 5

- • TEST =o. l’ rEsT
IF( R .LT .2 .O)  6(1 10 5
T ES T = o . L T EST
IF( R.LT. 4 .0)  60 TO S
TEST=O.I’TEST

5 AL 0.S’MLOGIH)
SUMC=O .S7721~~6ø.4L•V• SUMS AT,X

• - TC:Y
• 

• TS:*
- 00 1 I( 1,SOO

TO =T C
- 

- C0A 1(
CAY :K. 1

• FA LT=CO*/(CAY~~C*fl
T C = F A C T ’ (Y ’ T C — A ° T S )
TS F A C T * (Y O T S . X • 1 3 )
S UN C SU MC • TC
SUM S S UM S . T S
IF(K.GE.500)  G3 TO 3

I I F ( (A b S ( T C ) . A b ~~( T S ) ) . GT . T E S T )  (30 TO 1
I 3 CIN:E*(C~ SUMC.S*SWS)

SON=E’(S’SUMC—C’S~ MS)
RA AL— CIN
RBzARG•SON

• I 60 10 4
- 1 CONTINUE

1 4 RETURN
END
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SUSPOUT INE MATINV(A,NR .B.NC .DFTFRM,Ifl)
- 

-
~~ ~ AT pIA INVFPSII-) N W IT H ACCoMPANYING SOLUTION OF LINEAR EQUATIONS

C PIVOT METHOr)
C FORTRAN T V SINGLE PRECISION WITH ADJUSTABLE DIMENSION

FEBRUARY ~~~~~ s GOOD DAVID TAYLOR MODEL BASIN At’ MAT4
C WHERE CALLING PPO (PAM MUST INCLUDE
C DIMENSION A (NR,NR), R(NR.NC). INDEX (NP,3)
C N IS THE ORDER OF A
C N IS THE NUMBER OF COLUMN VECTORS IN 8( MAY RE 0)
C DETERM WILL CONTAIN DETERMINANT ON EXIT
C ID WILL RE SET BY ROUTINE TO 2 IF MATRIX A IS SINGULAR
C 1 IF INVERSION WAS SUCCESSFUL

• C A THE INPUT MATRIX WILL BE REPLACED BY A INVERSEE
C B THE COLUMN VECTORS WILL BE REPLACED BY CCRRESPONDING

• 4 C SOLUTION VECTORS
C INDEX WORKING STORAGE ARRAY
C IF IT IS DESIRED TO SC4LE THE DETERMINANT CARD MAY BE

• 
• C DELETED AND DETEPH PRESET BEFORE ENTERING THE ROUTINE

C
EQUIVALENCE CIPOW,JROW), (ICOLUM.JCOLUM), (ARAX , 1. SWAP)
DIMENSION 4(NR,NR) .8CNP,NC) ,INOEX(30,3)
N1=NR
M1=NC

C
C INITIALIZATION
C

1=141
M=M1

4 DETERM = 0.0
00 20 J=1.N

20 TNDFX (J.3) = 0
DO 550 I 1.N

• C
C SEARCH FOR PIVOT ELEMENT
C

A ’4AX = 0.0
00 105 J 1.N
IF (INDEX (J.3)—1) 60, lOS, 60

60 90 100 K=l-,N
4 IF(IND€X(K.3)—1) SO, 100. 715

I )  
SO IF C A MAX —ABS (A ( J . K ) ) )  85. 100. 100
85 !ROW J

ICOLUM =K
A MAX = ABS ( A (J , K ) )

100 CONTINUE
105 CONTIN(JE

T NQEX (TCOL IJ M.3) = INDEX (ICOLUM,3) .1
INOFX(I.l) 1P0W
T 1IOFX (T ,2)= ICOLUM

C
C INTFPCHANGF ROWS TO PUT PIVOT ELEMENT ON 0!A(~ONAL
C

IF 1IROW—ICOIUM ) 140. 310. 140
140 r)FTFPN~~DETFRM

I)fl ?OO L 1.N

-S 
• 
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- 4
SWAP=A (TPOW,L)
A ( IROW .L) 4(ICOLUM,L)

~OO 4(ICOL (JM,L)=SWAP
IF (N) 310. 310. 210

2 10 00 250 L=1. N
SW AP= R(T POW. L)

• R( I POW .L) R(ICOLUM,L)
• 250 R( ICOLUM.L)=SWA P

C
C DIVIDE PIVOT ROW BY PIVOT ELEMENT
C

310 PIVOT =A(ICOLUM,ICOLUM )
DET EPM=DFTEPM*PIVOT

330 A (ICOLUM,ICOLLJM)=1.O
00 350 L 1,N

- 4 350 A (ICOLIIM.L)=A (ICOLUM .L)/PIVOT
TF (M) 3M0, 3R0. 360

• 360 00 370 L 1.M
370 R(ICOLUM.L) 5( ICOLUM.L)/ PIVoT

C -

C REDUCE NON—PIVOT ROWS
C

380 00 550 L1 I,N
IF(L1—ICOLUM) 400, 550. 400

400 T=A(L1.TCOLUM)
A tL I .ICOI UN) =0.0
00 450 L 1,N

4S0 A ( L1, L) =A ( L l , L)—A( ICO L IJM, L)*T4 I F ( M )  550. 5S0, 460
460 DO 500 L=1.M —

S00 B (L1,L)=A(L1,L)—BCICOLUM ,L)*T
550 CONTINUE

C
C INTERCHANGE COLUMNS

• C
DO 710 T=1,N
L=N,1—I
IF ( I ND EXCL,1)—I NDEX ( L ,2 ) )  630, 710, 630

630 JROW= INDEX ( L,1)
JCOLUM*INDEX(L,2)
00 705 K=1.N
SWAP=A(K,JPOW )
A (K , JRO 4 I A (1< • JCOLUM
A (K.JCOLIJM)=SWAP

70S CONTINUE
710 CONTINUE

00 7 3 0 K =  1,N
TF (INDE X (K.3) —1 ) 71S,7~~0.715

720 CO1ITINIJE
730 CONTINUF

ID = 1
• RIO PETflPN

715 ID = 2
GO TO SlO
ENT)

-
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