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I 
I SYMBOLS 

~A m a t r i x  whose e i g e n v a l u e s  are  found  by u s i n g  m a t r i x  i t e r a t i o n  approach  

1 (eqs. ( 1 8 ) )  

column matrices i n  p-plane approx ima t ion  t o  j t h  column of  
j g e n e r a l i z e d  aerodynamic forces (eq. ( 3 )  ) 

I A O ; ' " = I A  (nRj  +2) 
J 

aAd  , . . . , a  denominator  po lynomia l  c o e f f i c i e n t s  i n  t r a n s f e r  f u n c t i o n  f o r  
i t h  a c t u a t o r  (eq. (1 2 ) )  i Ad (nAdi )i 

,.. . ,a numera to r  po lynomia l  c o e f f i c i e n t s  i n  t r a n s f e r  f u n c t i o n  for  
i An (nAni )i i t h  a c t u a t o r  (eq. ( 1 2 ) )  

denomina to r  po lynomia l  c o e f f i c i e n t s  i n  i t h  f i l t e r  t r a n s f e r  
1 i a Fd (nFdi )i f u n c t i o n  shown i n  e q u a t i o n  (IO) 

, . . . , a  numera tor  po lynomia l  c o e f f i c i e n t  i n  i t h  f i l t e r  t r a n s f e r  
Fh (nFni )i f u n c t i o n  shown i n  e q u a t i o n  ( 1  0 )  

aFnli 

aSd l g ~ g l a  denominator  po lynomia l  c o e f f i c i e n t s  i n  t r a n s f e r  f u n c t i o n  f o r  
j t h  s e n s o r  (eq. (8)) Sd (nSd .  ) j 

7 1 1  

aSn ,. . . ,aSn numera tor  po lynomia l  c o e f f i c i e n t s  i n  t r a n s f e r  f u n c t i o n  €o r  
j t h  s e n s o r  (eq. ( 8 ) )  ( n S n ,  ) j 

3 
1 j 

m a t r i x  d e f i n e d  by e q u a t i o n  (A61 Bn 

b r e f e r e n c e  l e n g t h  u s e d  i n  computa t ion  of  g e n e r a l i z e d  aerodynamic  f o r c e s  

column vector ( n  x 1 )  of  c o n s t a n t s  i n  denomina to r  terms of p-p lane  f i t  
A j  (eq. ( 3 ) )  

b j  

c,co matrices d e f i n i n g  c o n s t r a i n i n g  r e l a t i o n s h i p s  imposed on p-p lane  c o e f f i c i e n t s  
(eq* (A41 1 

C mean aerodynamic  c h o r d  of  wing  

D complex  d e t e r m i n a n t  of c h a r a c t e r i s t i c  m a t r i x  o f  homogeneous e q u a t i o n s  
(eq. ( 1 )  or ( 2 ) )  

D' modified d e t e r m i n a n t  (eqs. (1  4 )  

d common denominator  of  nonscheduled  e l e m e n t s  of t r a n s f e r  m a t r i x  r e l a t i n g  
a c t u a t o r  o u t p u t s  t o  s e n s o r  i n p u t s  (see eq. ( C 3 ) )  

e ,e  ,e i j  c n i j  
error f u n c t i o n s  assoc ia ted  w i t h  l e a s t - s q u a r e s  p -p lane  f i t  t o  

uns t eady  aerodynamic  f o r c e s  (eqs. (A51, (A71, and  ( A 8 1  1 

m a t r i x  of modal c o e f f i c i e n t s  c o n v e r t i n g  h i n g e  moment o u t p u t s  produced  by FD 
a c t u a t o r  t o  g e n e r a l i z e d  f o r c e s  (eq. ( 1 ) )  

vector of n a t u r a l  f r e q u e n c i e s  i n  vacuum, Hz f n  

V 



G g a i n  m a t r i x  (eq. ( 9 )  

L 

v e c t o r  o f  s t r u c t u r a l  dampinq c o e f f i c i e n t s  9s 

H m a t r i x  r e l a t i n q  s e n s o r  i n p u t  t o  q e n e r a l i z e d  c o o r d i n a t e s  (eq. ( 7 )  ) 

m a t r i x  r e l a t i n q  ac tua to r  e l o n g a t i o n  t o  q e n e r a l i z e d  c o o r d i n a t e s  (eq. ( 1 )  ) HE 

h a l t i t u d e  

i n t e q e r ;  J. = 0, 1, o r  2 d e f i n e s  s e n s o r  j as  p o s i t i o n ,  ra te ,  or 1 
J .  

7 a c c e l e r a t l o n  s e n s o r ,  r e s p e c t i v e l y  (eq. ( 8 )  

K g e n e r a l i z e d  s t i f f n e s s  m a t r i x  

KO' K 1  lK2 g a i n  f o r  i n t e q r a l ,  p r o p o r t i o n a l ,  o r  d e r i v a t i v e  f i l t e r ,  r e s p e c t i v e l y  

k reduced  f r equency ,  wb/U 

M g e n e r a l i z e d  mass m a t r i x  

N N .  . / d  i s  t r a n s f e r  f u n c t i o n  r e l a t i n q  o u t p u t  of  a c t u a t o r  i t o  i n p u t  
':ensor j (see e q .  ( ~ 4 ) )  

Mach number Ma 

nAni , nAdi number of  numera tor  and  denomina to r  po lynomia l  c o e f f i c i e n t s ,  
r e s p e c t i v e l y ,  i n  t r a n s f e r  f u n c t i o n  f o r  i t h  a c t u a t o r  

nFni , nFdi number o f  numera tor  a n d  denomina to r  po lynomia l  c o e f f i c i e n t s ,  
r e s p e c t i v e l y ,  i n  t r a n s f e r  f u n c t i o n  a s s o c i a t e d  w i t h  f i l t e r  i 
(eq. (10)  1 

nSni , nSdi number of  numera tor  a n d  denomina to r  p o l y n o m i a l  c o e f f i c i e n t s ,  
r e s p e c t i v e l y ,  i n  t r a n s f e r  f u n c t i o n  f o r  sensor  i (nSni c o n t a i n s  

Ji i n  a d d i t i o n  t o  basic  s e n s o r  dynamics)  

n k k .  number of v a l u e s  of  k f o r  which Qj (k )  w i l l  be employed i n  d e t e r m i n i n q  
l e a s t - s q u a r e s  f i t  f o r  p-plane a p p r o x i m a t i o n  t o  j t h  column of aerodynamic  
f o r c e s  (eq. ( A 7 ) )  

3 

number of h i g h  p a s s  terms i n  p -p lane  a p p r o x i m a t i o n  f o r  j t h  column of n l j  
uns teady  aerodynamic f o r c e s  

numher of  s u b i n t e r v a l s  t o  d i v i d e  i n t e r v a l  ( V i , V i + , )  i n t o  when h a v i n q  
S convergence  d i f f i c u l t i e s  or  l o c a t i n q  a p o i n t  of chanqe i n  s t a b i l i t y ,  

Av '"AV 
n 

C 

I r e s p e c t i v e l y  

, n  , n  number of  q e n e r a l i z e d  c o o r d i n a t e s ,  c o n t r o l  s u r f a c e s ,  r i q id -body  
d e g r e e s  of freedom, S e n s o r s ,  a n d  r e d u c e d  f r e q u e n c i e s  f o r  which 
aerodynamic  forces  h a v e  been computed,  r e s p e c t i v e l y  

n t ; r n b , n r  s k 

vi 



d i f f e r e n c e  i n  p r e s s u r e  between uppe r  and lower s u r f a c e  of l i f t i n g  
body a t  p o i n t  ( x , y )  due t o  motion i n  j t h  node 

1 R x l I R y '  

r 

r '  

rD 

e r 

S 

S 

n 

S i n  

THS 

TL 

T;, 

nondimens iona l  Lap lace  v a r i a b l e ,  s b / U  

m a t r i x  of g e n e r a l i z e d  aerodynamic f o r c e s  

p-plane approx ima t ion  of Q (eq. ( 3 )  1 

t a b u l a r  v a l u e  i n  uns t eady  aerodynamic f o r c e  m a t r i x  a t  a reduced  f r equency  
of ki 

Q(ki 

ki 
o b t a i n e d  by i n t e r p o l a t i o n  g i v e n  Q '  ( k .  ) = I m  ~ , i = 1 ,  ..., ' 5 ~  

1 (if  k, = 0, Q ' ( k l )  Z Q ' ( k 2 ) )  

dynamic p r e s s u r e  , pU2/2 

a n g u l a r  r o t a t i o n s  about  x' and y '  axes ,  r e s p e c t i v e l y  (eqs. (4) and ( 6 ) )  

column vector of  s e n s o r  i n p u t s  

column vector o f  s e n s o r  o u t p u t s  

column vector of  l i n e a r  d i s p l a c e m e n t  s e n s o r  i n p u t s  

column vector of a n g u l a r  d i s p l a c e m e n t  s e n s o r  i n p u t s  

s u r f a c e  area 

Lap lace  variable 

n t h  e s t i m a t e  of i t h  c h a r a c t e r i s t i c  r o o t  

diagonal m a t r i x  of a c t u a t o r  t r a n s f e r  f u n c t i o n s  

t r a n s f e r  m a t r i x  r e l a t i n g  a c t u a t o r  h i n g e  moment o u t p u t  t o  a c t u a t o r  e l o n g a t i o n  

t r a n s f e r  m a t r i x  r e l a t i n g  h i n g e  moments produced  by a c t u a t o r  t o  i n p u t  t o  
J 

s e n s o r s  ( s  j is a l so  i n c l u d e d  i n  THM, see d e f i n i t i o n  of J.) 
3 

t r a n s f e r  m a t r i x  r e l a t i n g  a c t u a t o r  i n p u t s  t o  s e n s o r  o u t p u t s  

TL e x c l u d i n g  g a i n ,  phase  error, a n d  s c h e d u l i n g  components (eq. ( 9 ) )  

s c h e d u l e d  po r t ion  of compensat ion between j t h  s e n s o r  and  i t h  
c o n t r o l  (eq. ( 9 ) )  

J 

d i a g o n a l  t r a n s f e r  m a t r i x  r e l a t i n g  s e n s o r  o u t p u t s  t o  s e n s o r  i n p u t s  ( s  j i s  
a lso i n c l u d e d  i n  Tm, see d e f i n i t i o n  o f  J.) 3 

J 
t r a n s f e r  m a t r i x  r e l a t i n g  c o n t r o l  s u r f a c e  p o s i t i o n  t o  s e n s o r  i n p u t s  ( s  J i s  

a l so  i n c l u d e d  i n  T see d e f i n i t i o n  of Jj) 
6 T 

6' 
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t t i m e  v a r i a b l e  

U a i r c r a f t  s p e e d  

t J -  u a i r c r a f t  d e s i g n  d i v e  s p e e d  

open-loop f l u t t e r  v e l o c i t y  UF 

( x ,  y ,  z )  p o s i t i o n  t r i p l e  d e f i n i n g  t h r e e - d i m e n s i o n a l  c o o r d i n a t e  sys t em 

( x '  , y ' , z ' c o o r d i n a t e  sys t em rotated and  t r a n s l a t e d  from (x ,  y, z (eq. ( 5 )  ) 

X x c o o r d i n a t e  of c e n t e r  of g r a v i t y  

( X O I  Y O ' O )  

z i ( x , y )  

c9 

o r i g i n  of ( x ' , y ' , z ' )  c o o r d i n a t e  sys t em w i t h  respect t o  ( x , y , z )  

d i sp l acemen t  i n  i t h  mode a t  (x ,y ,O)  

s c a l a r  d e f i n i n g  s tep  from si t o  si f o r  which 
n n+l 

x 1  
n6 column v e c t o r  of c o n t r o l  r o t a t i o n s ,  

ac tua tor  and c o n t r o l  l o g i c  o u t p u t ,  r e s p e c t i v e l y ,  

c r i t e r i o n  f o r  converqence  upon c h a r a c t e r i s t i c  root (eqs. ( 1  6) ) 

n6 x 1 

damping r a t i o  a s s o c i a t e d  w i t h  complex c o n j u g a t e  pa i r  of roots 

damping r a t io  a s s o c i a t e d  w i t h  n o t c h  f i l t e r  

n o r m a l i z i n g  a n g l e  i n  d e f i n i t i o n  of r ig id -body  p i t c h  mode s h a p e  (see s e c t i o n  
e n t i t l e d  "Sensor  i n p u t  d e f i n i t i o n "  

sweep a n g l e  of e l a s t i c  a x i s ,  p o s i t i v e  c l o c k w i s e  (eq. ( 5 )  1 

j t h  c h a r a c t e r i s t i c  roo t  

column v e c t o r  of Lagrange m u l t i p l i e r s  a s s o c i a t e d  w i t h  c o n s t r a i n t s  imposed 
upon c o e f f i c i e n t s  i n  p-p lane  a p p r o x i m a t i o n  t o  j t h  column of aerodynamic  
f o r c e s  (eq. ( A 8 ) )  

nF  
column v e c t o r  of g e n e r a l i z e d  c o o r d i n a t e s ,  

d e n s i t y  

mass s u r f a c e  d e n s i t y  of f l a t - p l a t e  i d e a l i z a t i o n  of  a i r p l a n e  

t i m e  c o n s t a n t s  i n  f i r s t - o r d e r  l e a d - l a g  ( l a g - l e a d )  f i l t e r  

phase  error  i n t r o d u c e d  i n  compensa t ion  between j t h  s e n s o r  and i t h  a c t u a t o r  

f requency  of o s c i l l a t i o n  

v i i i  



n a t u r a l  f r equency  a s s o c i a t e d  w i t h  notch  f i l t e r  
I F 

n a t u r a l  f r equency  of i t h  mode i n  vacuum 
I i 

~ S u b s c r i p t s :  

I F  f i l t e  r 

S sensor 

Abbrev ia t ions :  

€ req .  f requency  

nos .  numbers 

Red. reduced  

Spec ia  1 m a  thema ti ca 1 s ymbo 1 : 

€ J  d i a g o n a l  mat r ix  

i x  



SUMMARY 

STABCAR i s  a computer proqram t h a t  can  be u s e d  t o  d e t e r m i n e  t h e  c h a r a c t e r i s t i c  
r o o t s  of  f l e x i b l e ,  a c t i v e l y  c o n t r o l l e d  a i r c r a f t ,  i n c l u d i n g  t h e  e f f e c t s  of  uns t eady  
aerodynamics.  A modal f o r m u l a t i o n  i s  employed t o  c h a r a c t e r i z e  t h e  a i r c r a f t .  me 
c o n t r o l  sys t em r e p r e s e n t a t i o n  i s  i n p u t  as a m a t r i x  of  t r a n s f e r  f u n c t i o n s .  Roots  are  
de te rmined  t h r o u g h  t h e  u s e  of  d e t e r m i n a n t  i t e r a t i o n  u t i l i z i n g  e i t h e r  o s c i l l a t o r y  o r  
approx ima te  f u l l y  uns t eady  aerodynamic f o r c e s .  P r o v i s i o n s  a re  i n c l u d e d  t o  a l l o w  
a u t o m a t i c  v a r i a t i o n  o f  v e l o c i t y ,  d e n s i t y ,  a l t i t u d e ,  o r  f eedback  g a i n s .  

The ma themat i ca l  model employed f o r  t h e  a i r c r a f t  i s  d e s c r i b e d ,  a f l o w c h a r t  i s  
p r o v i d e d ,  d e t a i l e d  d e s c r i p t i o n  i s  g i v e n  of t h e  f u n c t i o n  o f  k e y  program e l e m e n t s  a n d  
p a r a m e t e r s  t h a t  d i r e c t  program o p e r a t i o n ,  proqram i n p u t s  are d e f i n e d ,  and sample 
i n p u t s  and  o u t p u t s  a re  p r e s e n t e d .  

STABCAR c a n  he  e x e c u t e d  i n  e i t h e r  a b a t c h  or a n  i n t e r a c t i v e  mode. It i s  w r i t t e n  
M o d i f i c a t i o n  would be  r e q u i r e d  f o r  s p e c i f i c a l l y  f o r  u s e  on CDC@ CYBER 1 7 5  equipment.  

o p e r a t i o n  on o t h e r  equipment.  

INTRODUCTION 

The e q u a t i o n s  of  motion of  f l e x i b l e  a i r c r a f t  c o n t a i n  aerodynamic f o r c e  terms 
which, when e x p r e s s e d  i n  t h e  Lap lace  domain, are  t r a n s c e n d e n t a l  f u n c t i o n s  of t h e  
Laplace v a r i a b l e .  De te rmina t ion  o f  t h e  c h a r a c t e r i s t i c  r o o t s  of  t h e  sys t em,  t h e r e -  
f o r e ,  r e q u i r e s  t h e  u s e  of  i t e r a t i v e  o r  g r a p h i c a l  p r o c e d u r e s .  A l t e r n a t i v e l y ,  one may 
approx ima te  t h e  aerodynamic f o r c e  terms w i t h  r a t i o n a l  f u n c t i o n s  of  t h e  Laplace v a r i -  
a b l e  a n d  c o n v e r t  t h e  e q u a t i o n s  of  motion t o  a s t a n d a r d  e i g e n v a l u e  problem ( r e f s .  1 
and 2 ) .  

This p a p e r  d e s c r i b e s  a computer program which u t i l i z e s  t h e  method of d e t e r m i n a n t  
i t e r a t i o n  t o  s o l v e  f o r  t h e  c h a r a c t e r i s t i c  r o o t s  o f  f l e x i b l e ,  a c t i v e l y  c o n t r o l l e d  
a i r c r a f t .  R e f e r e n c e s  3 t h rough  6 d e s c r i b e  o t h e r  programs f o r  i t e r a t i v e  d e t e r m i n a t i o n  
of c h a r a c t e r i s t i c  roots. Refe rence  3, which w a s  c l o s e l y  f o l l o w e d  i n  t h e  development  
of STABCAR, d e s c r i b e s  r e s u l t s  o b t a i n e d  w i t h  a code deve loped  by a major a i r f r a m e  
m a n u f a c t u r e r ;  r e f e r e n c e  4 d e s c r i b e s  methods employed i n  m q l a n d .  N e i t h e r  code i s  
r e a d i l y  avai lable  a n d  no r e f e r e n c e  i s  made t o  a u s e r ' s  g u i d e  f o r  t h e  programs. R e f -  
e r e n c e s  5 a n d  6, however,  d e s c r i b e  NASTRAN@, a p u b l i c a l l y  a v a i l a b l e  program. The 
NASTRAN program w a s  deve loped  fo r  ba tch - type  o p e r a t i o n s .  In  c o n t r a s t ,  STABCAR, 
d e s c r i b e d  h e r e i n ,  i s  t a i l o r e d  f o r  i n t e r a c t i v e  e x e c u t i o n  a n d  c o n t a i n s  a number o f  
f e a t u r e s  which  f a c i l i t a t e  t h e  i n t e r a c t i v e  s tudy  o f  t h e  e f f e c t s  upon s t a b i l i t y  of 
v a r i a t i o n s  i n  c o n t r o l - s y s t e m  p a r a m e t e r s .  

STABCAR i s  a module of t h e  ISAC ( I n t e r a c t i o n  of S t r u c t u r e s ,  Aerodynamics, a n d  
C o n t r o l s )  program (ref .  7 ) .  me p r e s e n t  pape r  i s  t h e  f i r s t  which documents a major 
segment  o f  t h e  ISAC program. E'uture p a p e r s  which document o t h e r  seqments may be 
found by employing  I S A C  as a key  word i n  a l i b r a r y  s e a r c h .  

The e q u a t i o n s  of motion a r e  o u t l i n e d  by employing a modal r e p r e s e n t a t i o n  of t h e  
a i rc raf t .  Aerodynamic f o r c e s  f o r  e i t h e r  p u r e l y  o s c i l l a t o r y  o r  approx ima te  f u l l y  
u n s t e a d y  motion c a n  be c o n s i d e r e d .  Gene ra l  l i n e a r  c o n t r o l  l a w s  can  be a n a l y z e d  



e i t h e r  by d i r e c t  i n p u t  of  t h e  e l e m e n t s  of a t r a n s f e r  m a t r i x  or by c o n s t r u c t i o n  u t i -  
l i z i n g  s e l e c t a b l e  b u i  1 t -i n € i l t e  r t y p e s .  

MATHEMATICAL REPRESENTATION AND SOLUTION TECHNIQUES 

I n  t h i s  s e c t i o n ,  t h e  ma themat i ca l  d e s c r i p t i o n  o f  STABCAR i s  o u t l i n e d .  
t i o n s  of motion are  d i s c u s s e d  as  w e l l  a s  a l t e r n a t e  o p t i o n s  as t o  the form 

2 

i ~~ ~ ~ 

Cons ide rab le  e f f o r t  h a s  been  d i r e c t e d  toward  t h e  i n c o r p o r a t i o n  o f  f e a t i i r e s  that 
a l l o w  the zser  to . -L- u ~ . L ~ l z e  1: h i s  t i m e  e f f i c i e n t l y .  I n t e r a c t i v e  program e x e c u t i o n  i s  a n  

o p t i o n .  C h a r a c t e r i s t i c  root  v a r i a t i o n  w i t h  a l t i t u d e ,  d e n s i t y ,  v e l o c i t y ,  or  c o n t r o l  
s y s t e m  g a i n s  can be  pe r fo rmed  i n  a n  au tomated  manner w i t h  t h e  r e s u l t s  p r e s e n t e d  
g r a p h i c a l l y .  

The STABCAR program and  a l l  u s e r  o p t i o n s  a re  d e s c r i b e d  i n  d e t a i l  i n  t h i s  report. 
The f u n c t i o n s  of major program e l e m e n t s  a re  s p e c i f i e d ,  a n d  k e y  parameters a re  i d e n t i -  
f i e d  t h a t  d i r e c t  t h e  i n p u t  to,  t h e  computa t ions  i n ,  and  t h e  r e s u l t s  f rom e a c h  major 
s u b r o u t i n e .  F lowchar t s  and  a d e t a i l e d  d e s c r i p t i o n  o f  i n p u t  parameters are  a l s o  
p r o v i  de d . 

R e s u l t s  a r e  p r e s e n t e d  a n d  d i s c u s s e d  which i l l u s t r a t e  major program o p t i o n s .  
C h a r a c t e r i s t i c  root  v a r i a t i o n s  are  shown w i t h  a n d  w i t h o u t  f eedback  c o n t r o l  as a f u n c -  
t i o n  of  pa rame te r s  dependen t  on  f l i g h t  c o n d i t i o n s .  R o o t  l o c i ,  as  a f u n c t i o n  of v a r i -  
a t i o n  i n  c o n t r o l  p a r a m e t e r s ,  are  a l s o  shown; compar isons  o f  c h a r a c t e r i s t i c  roo t s  
o b t a i n e d  by u s i n g  approx ima te  f u l l y  uns t eady  and  o s c i l l a t o r y  aerodynamics  are 
p r e s e n t e d .  

The i n p u t s  f o r  a ser ies  of  sample cases are p r e s e n t e d .  The cases c o r r e s p o n d  t o  
t h e  g r a p h i c a l  r e s u l t s  t h a t  are  shown. These sample cases p r o v i d e  e x p l i c i t  examples  
o f  t h e  i n p u t s  r e q u i r e d  t o  e x e r c i s e  t h e  major  capab i l i t i e s  of  STABCAR. 

STABCAR h a s  been w r i t t e n  s p e c i f i c a l l y  f o r  e f f i c i e n t  o p e r a t i o n  on CDC@ CYBER 1 7 5  
e q u i p n e n t .  Rev i s ions  a r e  r e q u i r e d  t o  r u n  t h i s  proqram on o t h e r  equipment .  

OVERVIEW 

I n  STABCAR, s t a b i l i t y  c h a r a c t e r i s t i c s  are  i n v e s t i g a t e d .  me dynamic e l e m e n t s  
t h a t  may be i n c l u d e d  a re  shown i n  f i g u r e  1. Mathemat ica l  d e s c r i p t i o n s  o f  e a c h  o f  t h e  
dynamic e l emen t s  are p r e s e n t e d  i n  t h e  n e x t  s e c t i o n .  me e l e m e n t  r e p r e s e n t i n g  t h e  
a i r c r a f t  i n c l u d e s  r i q i d ,  e l a s t i c ,  a n d  c o n t r o l  d e q r e e s  o f  f reedom a s  w e l l  a s  u n s t e a d y  
aerodynamic  f o r c e s .  'Ihe uns t eady  aerodynamic  forces c a u s e  t h e  e q u a t i o n s  o f  motion i n  
t h e  Lap lace  domain t o  be t r a n s c e n d e n t a l  f u n c t i o n s  o f  t h e  Lap lace  variable.  M u l t i p l e -  
i n p u t / m u l t i p l e - o u t p u t  c o n t r o l  l a w s  c a n  h e  s t u d i e d ;  t h e s e  c a n  i n c l u d e  dynamic compen- 
s a t i o n  e x p r e s s i b l e  i n  terms o f  a t r a n s f e r  m a t r i x .  

STABCAR has been deve loped  t o  solve for  c h a r a c t e r i s t i c  roots of t h e  s t a b i l i t y  
ma t r ix .  T y p i c a l l y ,  a s e a r c h  i s  made f o r  roots as a f u n c t i o n  of  t h e  v a r i a t i o n  of a 
parameter of in te res t  such  as  a l t i t u d e ,  d e n s i t y ,  v e l o c i t y ,  or a f eedback  ga in .  This 
p rocedure  i s  i l l u s t r a t e d  i n  f i g u r e  2. S i n c e  t h e  s t a b i l i t y  m a t r i x  i s  a t r a n s c e n d e n t a l  
f u n c t i o n  of t h e  Lap lace  variable,  t h e  c h a r a c t e r i s t i c  roots are d e t e r m i n e d  by an  
i t e r a t i v e  procedure .  Consequent ly ,  i n i t i a l  es t imates  of t h e  c h a r a c t e r i s t i c  roots a re  
r e q u i r e d .  Methods employed i n  STABCAR f o r  d e t e r m i n i n g  i n i t i a l  estimates are p r e s e n t e d  
i n  a l a t e r  s e c t i o n .  

?he equa -  
t h a t  c a n  be 



1 , 
I d e t e r m i n a t i o n  and  major o p t i o n s  f o r  o u t p u t  o f  i n f o r m a t i o n  are  d e t a i l e d .  

chosen  f o r  t h e  aerodynamic f o r c e s .  A c a p a b i l i t y  f o r  i n t e r p o l a t i o n  of beam- o r  p l a t e -  
t y p e  mode s h a p e s  t o  o b t a i n  s e n s o r  i n p u t s  i s  d e s c r i b e d .  The manner i n  which t h e  con-  
t r o l  sys t em i s  i n c l u d e d  i s  d e s c r i b e d ,  and t h e  t e c h n i q u e s  f o r  c h a r a c t e r i s t i c  r o o t  

I 

Equa t ions  of  Motion 

I 

I The e q u a t i o n s  of motion c o n s i d e r  o n l y  p e r t u r b a t i o n s  from a l e v e l  e q u i l i b r i u m  
f l i g h t  c o n d i t i o n .  ?he p e r t u r b e d  a i r c r a f t  motion i s  r e p r e s e n t e d  i n  terms of a t r u n -  
c a t e d  set  of r i q i d  and  e l a s t i c  modes. The r e s u l t i n q  e q u a t i o n s ,  expressed i n  terms o f  
g e n e r a l i z e d  c o o r d i n a t e s ,  masses, s t i f  f n e s s e s ,  dampings , and aerodynamic f o r c e s ,  are 
e s s e n t i a l l y  t h e  same a s  t h o s e  deve loped  i n  r e f e r e n c e  8. The homoqeneous p a r t  of  
t h e s e  e q u a t i o n s ,  e x p r e s s e d  i n  t h e  Lap lace  domain, are  g i v e n  i n  t h e  f o l l o w i n q  
e q u a t i o n :  

where 

e l e m e n t  of g e n e r a l i z e d  mass ma t r ix ,  

e l e m e n t  of g e n e r a l i z e d  s t i f f n e s s  m a t r i x ;  K ( x , y ; u , v )  i s  i n f l u e n c e  

z i ( x , y )  o ( x , y )  z .  ( x , y )  dS 
3 Mi j 

'%j 

S 

c o e f f i c i e n t  g i v i n g  f o r c e  a t  ( x , y )  due t o  u n i t  d i s p l a c e m e n t  a t  ( u , v ) ,  
z i ( x , y )  K ( x , y ; u , v )  z . ( u , v )  dS dS 3 1 2  

2 
S 

s1 

e l e m e n t  of g e n e r a l i z e d  aerodynamic f o r c e  m a t r i x  w i t h  
hp .  ( x , y ; N m l p )  

no t ion  I n  jth nede, J j z .  !x:y! - 

b e i n g  t h e  p r e s s u r e  d i f f e r e n c e  due t o  
aPi ( x I y ; N M a l p )  

3 

dS 
r r  

S 1 9 

- S ; u s e r  chooses  d e s i r e d  form.  g i ( s )  = \J-1 9s. t  I s \  gsil or g - 
i 1 wn 

I f  w = 0, gi s e t  t o  z e r o  
n 
i 

9s s t r u c t u r a l  damping c o e f f i c i e n t  a s s o c i a t e d  w i t h  i t h  mode 

m a t r i x  of t r a n s f e r  f u n c t i o n s  r e l a t i n g  a c t u a t o r  h i n g e  "6 "' 
moment o u t p u t s  t o  s e n s o r  i n p u t s  

T H E ( S )  n g  x n d i a g o n a l  m a t r i x  o f  t r a n s f e r  f u n c t i o n s  r e l a t i n g  a c t u a t o r  h i n g e  6 moment o u t p u t s  t o  a c t u a t o r  e l o n g a t i o n  

n x n m a t r i x  of modal c o e f f i c i e n t s  c o n v e r t i n g  h i n g e  moment o u t p u t s  t o  
FD ' g e n e r a l i z e d  6 f o r c e  

v e c t o r ,  n X 1 ,  of r i g i d  and  e l a s t i c  g e n e r a l i z e d  c o o r d i n a t e s  
5 5 

6 v e c t o r ,  n6 x 1 , of c o n t r o l - s u r f a c e  g e n e r a l i z e d  c o o r d i n a t e s  

3 



"5 
z i ( x , y )  i t h  mode shape ,  z ( x , y , t )  = z i ( x , y )  t i ( t )  

i = l  

H i  j ( X I  Y )  l i n e a r  or a n g u l a r  modal d e f l e c t i o n  c o n t r i h i i t i n g  t ~ ?  i n p ~ t  t o  s e i i s ~ r  i 
r e s u l t i n g  from u n i t  d e f l e c t i o n  i n  j t h  g e n e r a l i z e d  c o o r d i n a t e ,  
r = H E  where H i s  n X n 

s 5  

n6 X n t  m a t r i x  o f  modal c o e f f i c i e n t s  r e l a t i n g  a c t u a t o r  e l o n g a t i o n  t o  
ge ne ra li z e d coo r d i  na t es 

HE 

An a l t e r n a t e  form of  t h e  e q u a t i o n s  n e g l e c t s  aerodynamic  h i n g e  moments and  h i n g e  
moments due t o  i n e r t i a l  c o u p l i n q  i n  which case t h e  c o n t r o l  s u r f a c e  d e f l e c t i o n s  a r e  

6 = T ( s )  HE 6 

?he dimension o f  6 i s  n X 1 and T~ i s  a m a t r i x  o f  t r a n s f e r  f u n c t i o n s  r e l a t i n g  
c o n t r o l  d e f l e c t i o n s  t o  s e n s o r  i n p u t s .  T h i s  e x p r e s s i o n  replaces t h e  c o n t r o l  rows of 
e q u a t i o n  ( 1  ) ;  t h e  r e s u l t i n g  e x p r e s s i o n  i s  

6 

I- 1 

Unsteady aerodynamic f o r c e s .  - I n  e q u a t i o n s  ( 1  ) a n d  ( 2 )  , t h e  aerodynamic  forces  
are  e x p r e s s e d  a s  f u n c t i o n s  o f  Mach number a n d  . t h e  complex v a r i a b l e  p = s b / U .  The 
programs c u r r e n t l y  a v a i l a b l e  f o r  p r o d u c t i o n  g e n e r a t i o n  o f  aerodynamic  f o r c e s  c a n  o n l y  
compute t h e s e  forces f o r  p = b w / U  (e .g .  , r e f s .  9 th rough  1 2 ) .  Two a p p r o a c h e s  
are  t a k e n  i n  STABCAR t o  c i r cumven t  t h i s  d i f f i c u l t y .  

The f i r s t  app roach ,  known a s  t h e  p-k a p p r o x i m a t i o n  ( r e f s .  3 t h rough  5 )  i s  v a l i d  
f o r  lowly damped modes. TWO o p t i o n s  a re  implemented  f o r  t h i s  approx ima t ion :  

( a )  Form of r e f e r e n c e  3 

( b )  B r i t i s h  form ( r e f s .  4 and  5 )  

Q ' ( k )  i s  o b t a i n e d  by i n t e r p o l a t i o n  of t h e  m a t r i x  o f  f u n c t i o n s  

{ Q ' ( k , ) ,  Q ' ( k 2 ) ,  ..., Q'(k  "k ) }  where Q ' ( k i )  = I m -  r:i)). If  k l  = 0, 

Q' ( k l )  E Q' ( k 2 ) .  
app roach ,  known as  t h e  p-p method ( r e f .  31, r e q u i r e s  t h e  aerodynamic  f o r c e s  a s  a 

The approx ima t ion  becomes e x a c t  a t  t h e  f l u t t e r  p o i n t .  The s e c o n d  

4 



f u n c t i o n  of  p. In STABCAR, u s e  i s  made of  t h e  c o n c e p t  of  a n a l y t i c  c o n t i n u a t i o n  t o  
d e v e l o p  a n  a p p r o x i m a t i o n  t o  t h e  aerodynamic f o r c e s  f o r  a r b i t r a r y  motion i n  terms o f  
k n w n  aerodynamic f o r c e s  f o r  o s c i l l a t o r y  motion ( p  = J-1 k) . 
t h e  j t h  column of t h e  aerodynamic f o r c e  m a t r i x  i s  

The form assumed f o r  

R= 1 

This e x p r e s s i o n  h a s  t h e  same form a s  t h a t  employed i n  r e f e r e n c e s  1 a n d  2. Determina- 
t i o n  of t h e  po lynomia l  c o e f f i c i e n t s  i s  i n i t i a t e d  by computa t ion  of  f o r  a 
number of v a l u e s  of r educed  f r e q u e n c y .  T h i s  computat ion must be done by a n  e x t e r n a l  
program s u c h  as t h o s e  d e s c r i b e d  i n  r e f e r e n c e s  9 t h rough  1 2 .  The u s e r  s p e c i f i e s  t h e  
v e c t o r  b j  and  may impose l i n e a r  c o n s t r a i n t s  upon t h e  c o e f f i c i e n t s  i n  e q u a t i o n  ( 3 ) .  
For example,  t h e  A. columns a s s o c i a t e d  w i t h  r i q id -body  l i n e a r  d i s p l a c e m e n t s  s h o u l d  
be z e r o .  The c o e f f i c i e n t s  of e a c h  e l e m e n t  of  4 ( p )  a r e  de t e rmined ,  s u b j e c t  t o  any 
imposed c o n s t r a i n t s ,  such  t h a t  t h e  e r r o r s  between t h e  c u r v e  f i t  (eq. ( 3 ) )  and  t h e  
t a b u l a r  d a t a  a re  minimized i n  a l e a s t - s q u a r e s  s e n s e .  The l e a s t - s q u a r e s - f i t  p r o c e d u r e  
and  a l lmable  c o n s t r a i n t s  are  d e s c r i b e d  i n  appendix A. 

Q j ( F  k) 

Refe rences  1 3  and 1 4  p r e s e n t  a t h e o r e t i c a l  basis  f o r  t h e  c u r v e - f i t  p r o c e d u r e  a n d  
d e s c r i b e  t h e  a s y m p t o t i c  form G j ( p )  s h o u l d  take .  ?he a s y m p t o t i c  limits a r e  n o t  
e n f o r c e d  i n  STABCAR because  c o n s t r a i n i n q  t h e  c u r v e s  t o  f i t  h i q h  f r equency  l i m i t s  
t e n d s  t o  d e g r a d e  t h e  €i t  i n  t h e  l i m i t e d  f r equency  band where t a b u l a r  d a t a  a r e  a v a i l -  
a b l e .  Re fe rence  1 5 d e s c r i b e s  t h e  a p p l i c a t i o n  of a c o n s t r a i n e d  o p t i m i z a t i o n  p r o c e d u r e  
t o  o p t i m a l l y  choose i n  e q u a t i o n  (3). 

'j 

R e f e r e n c e s  1 6  a n d  17 d e s c r i b e  a program n w  under  development  which w i l l  allow 
computa t ion  of aerodynamic f o r c e s  f o r  t r a n s i e n t  motion where p h a s  a nonze ro  rea l  
p a r t .  STARCAR c a n  be r e a d i l y  mod i f i ed  t o  u t i l i z e  s u c h  d a t a .  ?he r e q u i r e d  mod i f i ca -  
t i O n  i s  t o  p r o v i d e  f o r  i n t e r p o l a t i o n  of t a b u i a r  deicjdynaiik;z f o r c e  a r r a y s  as  a f u n c -  
t i o n  of t w o  i n d e p e n d e n t  v a r i a b l e s  ( t h e  r e a l  and imag ina ry  p a r t s  of p)  r a t h e r  t h a n  as  
a f u n c t i o n  o f  o n l y  t h e  imag ina ry  p a r t  o f  p. 

S e n s o r  i n p u t  d e f i n i t i o n . -  Senso r  i n p u t s  i n  STABCAR are  assumed t o  be l i n e a r  
c o m b i n a t i o n s  o f  t h e  g e n e r a l i z e d  c o o r d i n a t e s .  For l i n e a r  d i s p l a c e m e n t s  , 

u i 

For a n g u l a r  d i s p  

j = l  

acemen t s ,  

r e  ( X f Y  
i 

j = I  
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These  e x p r e s s i o n s  would be m u l t i p l i e d  by s f o r  a v e l o c i t y  t y p e  s e n s o r  a n d  by s L  
f o r  a n  accelerometer. The m u l t i p l i c a t i o n  by t h e  a p p r o p r i a t e  power o f  s i s  i n c l u d e d  
w i t h i n  t h e  computa t ion  of  t h e  e f f e c t s  of  s e n s o r  dynamics. (See  eq. ( 8 ) . )  Thus, i n  
computing s e n s o r  i n p u t s ,  t h e  a s sumpt ion  i s  made t h a t  i n e r t i a l  axes  are employed. I h e  

~ b ~ i  iiiay o v e r r i d e  t h i s  a s sumpt ion  by a p p r o p r i a t e L y  modi fy ing  t h e  r ig id-body p o r t i o n s  
o f  t h e  mass, damping, and  s t i f f n e s s  matrices. 

.- - - 

The mode s h a p e s  o r  t h e i r  d e r i v a t i v e s  a t  t h e  s e n s o r  l o c a t i o n s  must be s p e c i f i e d  
b e f o r e  t h e  s e n s o r  i n p u t s  c a n  be de te rmined .  Two o p t i o n s  a r e  i n c l u d e d  f o r  d e f i n i n g  
t h e  modal d a t a  f o r  i n p u t  t o  s e n s o r s .  Ihe f i r s t  o p t i o n  i s  by d i r e c t  i n p u t  of  t h e  
modal d a t a  r e q u i r e d  a t  t h e  s e n s o r  l o c a t i o n s .  me second  o p t i o n  i s  t o  i n p u t  a l l  t h e  
modal d a t a  (mode s h a p e s  and  node-poin t  l o c a t i o n s )  and  i n t e r p o l a t e  f o r  t h e  modal 
a m p l i t u d e s  a t  t h e  sensor  l o c a t i o n s .  Th i s  o p t i o n  i s  a t t r a c t i v e  when p e r f o r m i n q  
s e n s  or-1 oca ti on s t u d i e s  . 

The remainder  of t h i s  s e c t i o n  describes t h e  i n t e r p o l a t i o n  p rocedure .  V i b r a t i o n  
a n a l y s e s ,  which u s e  model ings  r a n g i n q  f rom simple beams t o  f i n i t e e l e m e n t  r e p r e s e n t a -  
t i o n s ,  c a l c u l a t e  modal d a t a  a t  a number of g r i d  p o i n t s .  In  o r d e r  t o  accommodate o u t -  
p u t  from a v a r i e t y  o f  v i b r a t i o n  a n a l y s e s ,  i t  i s  n e c e s s a r y ,  i n  STARCAR,  t o  a r r a n q e  t h e  
modal d a t a  i n t o  s u b s e t  d i v i s i o n s  c a l l e d  s t r u c t u r a l  s e c t i o n s .  For  a i r c r a f t  c o n f i g u r a -  
t i o n s ,  t h e  s t r u c t u r a l  s e c t i o n s  f o l l o w  n a t u r a l l y  as  t h e  wing, f u s e l a q e ,  h o r i z o n t a l  
t a i l ,  and  s o  f o r t h .  

The re  a r e  t w o  t y p e s  of  i n t e r p o l a t i o n  methods i n  STABCAR c o r r e s p o n d i n q  t o  t h e  t w o  
t y p e s  of  s t r u c t u r a l  s e c t i o n s  a v a i l a b l e  i n  t h e  program. The f i r s t  i s  a d i s p l a c e m e n t -  
t w i s t  i n t e r p o l a t i o n  method which i s  m o s t  commonly used  when t h e  mode s h a p e s  are  qen- 
e r a t e d  from an e l a s t i c - a x i s  beam model. !he second  i s  a s u r f a c e - s p l i n e  i n t e r p o l a t i o n  
method ( r e f .  18)  which i s  used  when t h e  mode s h a p e s  are  g e n e r a t e d  from a f i n i t e -  
e l e m e n t  " p l a t e - t y p e "  model. me e n t i r e  modal r e p r e s e n t a t i o n  may c o n s i s t  of a combi- 
n a t i o n  of both  t y p e s  o f  s t r u c t u r a l  s e c t i o n s .  

For  a z e r o - t h i c k n e s s  i d e a l i z a t i o n  of a s u r f a c e  a n d  a beam s t r u c t u r a l  r e p r e s e n t a -  
t i o n ,  t h e  d i s p l a c e m e n t  i n  t h e  i t h  mode normal  t o  t h e  s u r f a c e  c a n  be w r i t t e n  a s  

where 

( x , Y , z )  r i qh t -hand  c o o r d i n a t e  sys t em w i t h  x p o s i t i v e  a f t  and  z pos i t i ve  up  

( x ' , Y ' , z ' )  r i g h t - h a n d  c o o r d i n a t e  s y s t e m  w i t h  z '  p a r a l l e l  t o  z and  X '  
and y '  swept f rom ( x , y )  by a n g l e  A 

z i ( x , y )  d e f l e c t i o n  i n  i t h  mode a t  ( x , y )  n o r m a l  t o  s u r f a c e  

z i ( y ' )  ver t ical  bend inq  i n  i t h  mode a t  (x' = 0 , y ' )  

R ( y '  ) r o t a t i o n  a b o u t  y' a x i s  i n  i t h  mode a t  ( x '  = 0 , y '  
Y; 



F i g u r e  3 s h m s  t h e  g e o m e t r i c a l  r e l a t i o n s h i p s  f o r  a f l a t  s u r f a c e  pa ra l l e l  t o  t h e  xy 
p l a n e .  The o r i g i n  of t h e  swept ,  t r a n s l a t e d  a x i s  s y s t e m  i s  a t  ( x o l y o ) ;  A i s  t h e  
sweep a n g l e  ( p o s i t i v e  c l o c k w i s e ) ;  and p o s i t i v e  z i s  o u t  of t h e  page. %e t r a n s f o r -  
mat ion from ( x , y )  t o  ( x ' , y ' )  i s  g iven  by 

j;] = 

cos A - s i n  A 

s i n  A cos  A 

For  a n g u l a r  
and i s  g iven  as  

d i s p l a c e m e n t s ,  
f 0 1 lows : 

o r  

( 5 )  

t h e  p a r t i a l  d e r i v a t i v e  of e q u a t i o n  ( 4 )  i s  r e q u i r e d  

1 

- = [. ( y ' )  - x'  &i  'i 
ax X! dY ' 

s i n  A - R ' ( y '  ) c o s  A 
'i 

a I (Y') 

1 

where R i s  r o t a t i o n  a b o u t  x' ( p o s i t i v e  c o u n t e r c l o c k w i s e ) .  
X! 
1 

For "piate'! type Inodes the iiiodal d a t a  from a s t r u c t u r a l  i n a l y s i s  zre d e t i n ~ d  a t  
p o i n t s  d i s t r i b u t e d  o v e r  t h e  s t r u c t u r a l  s e c t i o n .  Thus, t h e r e  a r e  two independen t  
v a r i a b l e s  ( x , y )  and t h e  i n t e r p o l a t i o n  i s  done by u s i n g  t h e  s u r f a c e  s p l i n e  methods 
d e s c r i b e d  i n  r e f e r e n c e  18. S lope  i n f o r m a t i o n  (e .9 .  , az .  ( x , y ) / a x )  is q e n e r a t e d  by  
i n t e r p o l a t i n g  f o r  t h e  d e r i v a t i v e  of  t h e  s u r f a c e  s p l i n e .  

1 

Rigid-body mode s h a p e s  may be d e f i n e d  by i n p u t  by t h e  u s e r .  I n  t h i s  c a s e ,  t h e  
r ig id -moda l  d a t a  must be t r e a t e d  as  i f  t h e y  a r e  e l a s t i c  modes ( i .e . ,  n r  = 0 where 
n r  i s  t h e  number of r i g i d  modes).  A l t e r n a t i v e l y ,  i f  t h e  symmetric r ig id -body  mode 
s h a p e s  of v e r t i c a l  t r a n s l a t i o n  and  p i t c h  about  t h e  a i r c r a f t  center of mass a r e  
d e s i r e d ,  t h e  u s e r  may se t  n r  = 2. Then t h e  f o l l o w i n g  b u i l t - i n  e x p r e s s i o n s  a r e  
employed t o  compute t h e  r ig id-body c o n t r i b u t i o n s  t o  s e n s o r  i n p u t s :  

L i n e a r  d i s p l a c e m e n t s  : 
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An gu l a  r d i  s place m e  n t s : 

dz 
- 2 

-'n ,,(x,y) = 0; - d x  - 

Con t r o 1- S y s t e m Re  p r e s e n t  a ti on 

?he c o n t r o l  sys t em i s  d i v i d e d  i n t o  t h r e e  par ts :  s e n s o r ,  compensa t ion  ( f i l t e r -  
i n g )  , and  a c t u a t o r  dynamics. 'Ihe i n p u t - o u t p u t  r e l a t i o n s h i p s  between t h e s e  dynamic 
e l e m e n t s  and  t h e i r  c o u p l i n g  w i t h  t h e  a i r c r a f t  dynamics a re  i n d i c a t e d  s c h e m a t i c a l l y  i n  
f i q u r e  1 and  e x p l i c i t l y  i n  e q u a t i o n s  ( 1  ) and  ( 2 ) .  In a s u b s e q u e n t  d i s c u s s i o n  of  
t h e s e  dynamic e l e m e n t s ,  t h e  t e r m  "b lock"  i s  u s e d  i n t e r c h a n q e a b l y  w i t h  " t r a n s f e r  
m a t  r i  x. 'I 

S e n s o r  dynamics o p t i o n s . -  I n p u t  t o  t h e  s e n s o r  dynamics c a n  be e i t h e r  l i n e a r  or 
a n g u l a r  p o s i t i o n  i n f o r m a t i o n  e x p r e s s e d  i n  terms of  t h e  q e n e r a l i z e d  c o o r d i n a t e s  as 

r = HC ( 7 )  

The dimens ion  of r i s  n x 1 .  Wi th in  t h e  s e n s o r  dynamics b lock  e a c h  ri c a n  be 
t r a n s f o r m e d  t o  a p o s i t i o n ,  v e l o c i t y ,  or a c c e l e r a t i o n  i n p u t  by m u l t i p l i c a t i o n  by t h e  
a p p r o p r i a t e  power of t h e  Lap lace  v a r i a h l e  s .  A q i v e n  s e n s o r  o u t p u t  w i l l  he  of  t h e  
form 

S 

nSn,-1 
a + a  s + ... + a s '  

Sn Sn Sn 
(nSn . I  j J 

3 s j r  = T  ( s ) r  
11  21 

r', = 
3 nSd, -1 i S j  j 

s '  Sd 
+ a  s + ... + a 

Sd Sd , 
a 

( n S d . )  j 
1 

11 21 

where 
r e s p e c t i v e l y .  D e f a u l t  v a l u e s  a re  b u i l t  i n t o  t h e  program so  t h a t  o n l y  J mus t  be 
i n p u t  i f  s e n s o r  dynamics are  n e g l e c t e d .  

J j  = 0, 1 ,  o r  2 c o r r e s p o n d s  t o  a d i s p l a c e m e n t ,  r a t e ,  or a c c e l e r a t i o n  s e n s o r ,  

j 

Compensation o p t i o n s . -  The t r a n s f e r  m a t r i x  TL, of d imens ion  ng x n s p e c i f y -  
i n g  compensat ion of  t h e  s i g n a l s  f rom t h e  s e n s o r s  p r i o r  t o  s e n d i n g  them t o  t h e  a c t u a -  
tors can  be  f u l l  w i t h  d i s t i n c t  dynamics i n  e a c h  e l e m e n t .  The t r a n s f e r  m a t r i x  r e l a -  
t i o n s h i p  between compensa tor  o u t p u t s  and  compensa to r  i n p u t s  ( s e n s o r  o u t p u t s )  i s  

S I  

where 

6 = T ( s )  r '  
I, L 
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l 

i s  a g a i n ,  each  [ T L ( s ) ] i  may c o n t a i n  dynamic compensat ion e l e m e n t s  
b u t  h a s  a e f a u l t  v a l u e  of 1. 
by d i r e c t  i n p u t  of  po lynomia l  c o e f f i c i e n t s  O K  by u t i l i z a t i o n  of  t h e  f o l l o w i n g  
bui  I t - i n  f i l t e  r t y p e s  : 

A l t e r n a l e  v a l u e s  f o r  [ T ~ ( s ) ] i j  may be d e f i n e d  e i t h e r  

I 
1 .  Notch f i l t e r :  

and  CF are t h e  n a t u r a l  f r equency  and  damping r a t i o  of t h e  n o t c h  f i l t e r  
w”F 

where 

2. I n t e g r a l  f i l t e r :  

3. P r o p o r t i o n a l  p l u s  d e r i v a t i v e  f i l t e r :  

K1 + K 2 s  

4. Lead-lag ( l a g - l e a d )  f i l t e r :  

1 + z s  
1 

1 + T S  
2 

5. Po lynomia l  f i l t e r :  

nFn, -1 
I 

5 

( n h ,  )i Fn a + a  s + ... t a 
2 i  Fn 

l i  
I 

nFdz -1 
1 

a + a  s + ... + a S 

F d ~  i Fd 2 i  Fd ( nFd i 

Any c o m b i n a t i o n  of t h e s e  f i l t e r  t y p e s  may be u t i l i z e d  i n c l u d i n g  r e p e t i t i v e  u s e  of t h e  
same f i l t e r  t y p e  w i t h  t h e  same o r  d i s t i n c t  c o n s t a n t s .  A d d i t i o n a l  f i l t e r  o p t i o n s  a r e  
a s  f o l l c w s :  

6. S c h e d u l i n g :  

The c a p a b i l i t y  f o r  p r o v i d i n g  s c h e d u l e d  compensat ion e l e m e n t s  
i s  also i n c l u d e d .  For e a c h  c o n t r o l - s e n s o r  p a i r ,  i t  may be d e s i r a b l e  t o  
a l l o w  t h e  c o n t r o l  l a w  t o  va ry  a s  a f u n c t i o n  of Mach number a n d  dynamic pres- 
s u r e .  mis  v a r i a t i o n  i s  accomplished by p r o v i d i n g  a c a l l  t o  a s u b r o u t i n e  
wh ich  h a s  a v a i l a b l e  f o r  u s e  c o n t r o l - s e n s o r  p a i r  i d e n t i f i c a t i o n ,  t h e  v a l u e  of 
t h e  Lap lace  v a r i a b l e  s ,  Mach number, and  dynamic p r e s s u r e .  ?he s u b r o u t i n e ,  
wh ich  d e f i n e s  t h e  d e s i r e d  s c h e d u l i n g ,  must be s u p p l i e d  by t h e  u s e r .  This 
p r o c e d u r e  i s  i l l u s t r a t e d  i n  append ix  B f o r  a s p e c i f i c  s c h e d u l i n g  law. 

T L S ( ~ , N M a , q ) i  
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7. Phase  e r ror :  

An a d d i t i o n a l  f e a t u r e  i n c l u d e d  i s  t h e  f o l l o w i n g  o p t i o n  of  i n t r o d u c i n g  a 
p h a s e  e r r o r  Q i 4  i n t o  t h e  compensa t ion  f o r  one  c o n t r o l s e n s o r  p a f r :  

- J  

4-1  Q i j  
e 

T h i s  o p t i o n  a l l o w s  one  t o  s t u d y  s e n s i t i v i t y  t o  p h a s e  errors. 

( 1 1 )  

Ac tua to r  dynamics o p t i o n s . -  The t r a n s f e r - f u n c t i o n  m a t r i x  r e l a t i n g  i n p u t s  t o  a n d  
o u t p u t s  f rom each  a c t u a t o r  i s  d i a g o n a l .  Its d e f a u l t  v a l u e  i s  t h e  i d e n t i t y  ma t r ix .  
I f  a c t u a t o r  dynamics are  to be c o n s i d e r e d ,  t h e  f o l l o w i n g  numera tor  and  denomina to r  
po lynomia l  c o e f f i c i e n t s  are  i n p u t :  

I 

nAn, -1 
1 

a + a  s + ... + a S 
An A n l i  An 2 i  

a + a  s + ... + a S 

A d l i  Ad 2 i  Ad (nAdi ) i  

o r  

(L)  = P A ]  6L 

where t h e  dimension o f  gA i s  n6 x I .  

Combination of s e n s o r ,  compensa tor ,  and  a c t u a t o r  matrices .- The r e l a t i o n s h i p  
between dA and r i s  

I f  aerodynamic and mass c o u p l i n g  h i n g e  moments are  c o n s i d e r e d ,  t h e  r e s u l t i n g  t r a n s f e r  
m a t r i x  c o r r e s p o n d s  t o  THs i n  e q u a t i o n  ( 1 ) ;  o t h e r w i s e  i t  c o r r e s p o n d s  t o  T i n  
e q u a t i o n  ( 2 ) .  The po lynomia l  d ( s )  i n  e q u a t i o n  ( 1  3) i s  t h e  common denomina to r  of 
T i ( s )  (see eq. ( 9 ) ) .  This  f a c t o r  c a n  be c l e a r e d  f r o m  t h e  denomina to r  i n  equa -  
t i o n  ( 1 )  o r  ( 2 ) .  Appendix C d e s c r i b e s  t h i s  o p t i o n .  

6 

Characteristic R o o t  De t e  r m i  n a t i o n  

The p r i m a r y  o b j e c t i v e  of STABCAR i s  t o  d e t e r m i n e  c h a r a c t e r i s t i c  roots of a n  
a i r c r a f t  r e p r e s e n t e d  m a t h e m a t i c a l l y  by t h e  t r a n s c e n d e n t a l  m a t r i x  e q u a t i o n  (eq .  ( 1  
o r  ( 2 ) ) .  R o o t s  c a n  be found a s  a f u n c t i o n  of v a r i a t i o n s  i n  v e l o c i t y ,  d e n s i t y ,  a l t i -  
t u d e ,  o r  c o n t r o l  parameters. 

1 0  



Determinant  i t e r a t i o n . -  C h a r a c t e r i s t i c  r o o t  d e t e r m i n a t i o n  i s  accomplished mode 
by mode wi th  d e t e r m i n a n t  i t e r a t i o n  g iven  i n i t i a l  e s t i m a t e s  f o r  t h e  r o o t s .  The r o o t s  
t o  be t r a c e d  are s p e c i f i e d  by i n p u t .  Methods f o r  o b t a i n i n g  t h e  i n i t i a l  e s t i m a t e s  a r e  
d e s c r i b e d  a f t e r  t h e  f o l l o w i n q  d i s c u s s i o n  of  t he  p rocedure  f o r  de t e rmin ing  a c h a r a c -  
t e r i s t i c  r o o t .  

An a t t e m p t  i s  made t o  f i n d  t h e  i t h  c h a r a c t e r i s t i c  r o o t  i n  a manner which a v o i d s  
convergence upon a p r e v i o u s l y  de te rmined  r o o t ,  j < i. This i s  accomplished hy 
d e t e r m i n i n g  t h e  z e r o s  of 

or 

(i > 1 )  

(1  4a) 

n ( S  - h.1  
j = l  3 

where 

D ( s  1 v a l u e  of  complex d e t e r m i n a n t  of s t a b i l i t y  m a t r i x  i n  e q u a t i o n  ( 1 )  o r  ( 2 )  

h p r e v i o u s l y  de t e rmined  c h a r a c t e r i s t i c  r o o t  
j 

A 

L e t  s i n + l  d e n o t e  t h e  d e s i r e d  n + 1 e s t i m a t e  of t h e  z e r o  of e q u a t i o n s  ( 1  4)  

c o r r e s p o n d i n q  t o  t h e  i t h  c h a r a c t e r i s t i c  r o o t  and G i  n deno te  a p r e v i o u s l y  de te rmined  

A h 

n r  "L : or D! i s  the -. ..1>.- -6 r)' (SI ;It P .  
" C Z L U C  "I 

i 1 " In+ l  n estimate; t h e r e f o r e ,  i ~ :  

r e s p e c t i v e l y .  ?here  e x i s t s  a n  a > 0 such  t h a t ,  f o r  
n+ 1 n 

n 

a D! n i  
h A n - 
' i n+ l  - sin- dDf / d ~  

n 

n+l n 

I n  t h e  s e a r c h  f o r  h i ,  
an 

i s  c o n s t r a i n e d  t o  be C O . l  i n  o r d e r  t o  reduce  t h e  
l i k e l i h o o d  of jumping t o  a p o i n t  s u f f i c i e n t l y  f a r  away from h a s  t o  cause converq-  
e n c e  up2n a n o t h e r  r o o t .  Tne g e n e r a l  p rocedure  i s  t o  s o l v e  e q u a t i o n  ( 1 5 )  r e p e t i t i v e l y  
u n t i l  d i f f e r s  from zin by l e s s  t han  a t o l e r e n c e  E s p e c i f i e d  by t h e  u s e r .  

i 
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I Tha t  i s ,  i f  

o r  

(1 6a) I:ln+l I C .  
- ;i I : E 

nl  

o r  

< E  

A 

converqence has  occur red  and A i  Z s i  . 
n + l  

I n i t i a l  e s t i m a t e s  f o r  r o o t s . -  The a l q o r i t h m  f o r  d e t e r m i n i n q  c h a r a c t e r i s t i c  r o o t s  
d e s c r i b e d  i n  t h e  p r e v i o u s  s e c t i o n  r e q u i r e s  b o t h  f u n c t i o n  ( e q s .  ( 1  4)) and s l o p e  
( eq .  ( 1  5) ) i n fo rma t ion .  Thus, two i n i t i a l  e s t i m a t e s  a r e  r e q u i r e d  f o r  each  r o o t  t h a t  
is  t o  be t r a c e d .  Three o p t i o n s  a r e  a v a i l a b l e  f o r  s p e c i f y i n g  t h e  i n i t i a l  e s t i m a t e s :  

1 .  D i r e c t  u s e r  i n p u t :  

2.  Computations based  upon sys tem n a t u r a l  f r e q u e n c i e s  of v i b r a t i o n  i n  vacuum: 

( 1  7 )  

A I g i l  = o + $ T y ,  i 

s i 2  = 

where dl  and d2  a r e  i n p u t  p a r a m e t e r s  h a v i n q  d e f a u l t  v a l u e s  of 0.01 and 
1.0,  r e s p e c t i v e l y .  T h i s  a p p r o x i m a t i o n  works w e l l  f o r  t h e  e l a s t i c  d e g r e e s  o f  
f reedom a t  s u f f i c i e n t l y  low dynamic p r e s s u r e s .  

3 .  I n i t i a l  e s t i m a t e s  by m a t r i x  i t e r a t i o n :  I n  t h i s  approach  t h e  m a t r i x  e q u a -  
t i o n  ( 1 )  o r  ( 2 )  i s  e x p r e s s e d  i n  t h e  form 

o r  

1 2  

A 

i n + l  converqence has  occur red  and A i  Z s 

I n i t i a l  e s t i m a t e s  f o r  r o o t s . -  The a l q o r i t h m  f o r  d e t e r m i n i n q  c h a r a c t e r i s t i c  r o o t s  
d e s c r i b e d  i n  t h e  p r e v i o u s  s e c t i o n  r e q u i r e s  b o t h  f u n c t i o n  ( e q s .  ( 1  4)) and s l o p e  
( eq .  ( 1  5) ) i n fo rma t ion .  Thus, two i n i t i a l  e s t i m a t e s  a r e  r e q u i r e d  f o r  each  r o o t  t h a t  
is  t o  be t r a c e d .  Three o p t i o n s  a r e  a v a i l a b l e  f o r  s p e c i f y i n g  t h e  i n i t i a l  e s t i m a t e s :  

1 .  D i r e c t  u s e r  i n p u t :  

2.  Computations based  upon sys tem n a t u r a l  f r e q u e n c i e s  of v i b r a t i o n  i n  vacuum: 

i 

( 1  7 )  

where dl  and d2  a r e  i n p u t  p a r a m e t e r s  h a v i n q  d e f a u l t  v a l u e s  of 0.01 and 
1.0,  r e s p e c t i v e l y .  T h i s  a p p r o x i m a t i o n  works w e l l  f o r  t h e  e l a s t i c  d e g r e e s  o f  
f reedom a t  s u f f i c i e n t l y  low dynamic p r e s s u r e s .  

3 .  I n i t i a l  e s t i m a t e s  by m a t r i x  i t e r a t i o n :  I n  t h i s  approach  t h e  m a t r i x  e q u a -  
t i o n  ( 1 )  o r  ( 2 )  i s  e x p r e s s e d  i n  t h e  form 

o r  
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Appendix C shows how A ( s )  i s  o b t a i n e d ,  and appendix D d e s c r i b e s  t h e  m a t r i x  i t e ra -  
t i o n  method. 

P r e d i c t i o n  of G: and  gi2 a t  a new va lue  of i n d e p e n d e n t  v a r i a b l e . -  Subse- 
L 1  

q u e n t  p r e d i c t i o n s  f o r  g i l  and zi2 a t  e a c h  new v a l u e  of t h e  i n d e p e n d e n t  v a r i a b l e  

a r e  o b t a i n e d  by u s i n g  a n  e x t r a p o l a t i o n  of e i t h e r  a l i n e a r  f i t  t o  t h e  two p r e c e d i n g  
converged r o o t s  ( a f t e r  s econd  i t e r a t i o n ) ,  a q u a d r a t i c  € i t  t o  t h e  p r e c e d i n q  t h r e e  
converged r o o t s  ( a f t e r  t h i r d  i t e r a t i o n ) ,  or a c u b i c  f i t  t o  t h e  p r e c e d i n g  f o u r  con- 
ve rged  r o o t s  ( a f t e r  t h e  f o u r t h  i t e r a t i o n ) .  The t y p e  o f  e x t r a p o l a t i o n  t o  be  pe r fo rmed  
( l i n e a r ,  q u a d r a t i c ,  o r  c u b i c ) ,  a f t e r  t h e  r e q u i s i t e  number of  i t e r a t i o n s ,  i s  s p e c i f i e d  
by i n p u t .  

Log ic  d u r i n g  conve rgence  d i f f i c u l t i e s  .- F a i l u r e  t o  converge upon a c h a r a c t e r i s -  
t i c  root occurs p e r i o d i c a l l y  when t h e  r o o t  i s  chang ing  r a p i d l y  as a f u n c t i o n  of  t h e  
p a r a m e t e r  b e i n g  v a r i e d .  When s u c h  a f a i l u r e  o c c u r s ,  t h e  m a t r i x  i t e r a t i o n  approach  i s  
employed i n  a n  attempt t o  r e c o v e r .  The m a t r i x  i t e r a t i o n  approach  i s  s t a r t e d  w i t h  t h e  
l a s t  s u c c e s s f u l  estimate f o r  t h e  r o o t .  I f  t h i s  a t t e m p t  i s  s u c c e s s f u l ,  normal d e t e r -  
minant  i t e r a t i o n  i s  then '  resumed. 
t i o n  f a i l s ,  t h e  f o l l o w i n g  scheme i s  u t i l i z e d :  

If t h e  a t t e m p t e d  r e c o v e r y  by u s i n g  m a t r i x  i t e r a -  

1 .  Le t  vi d e n o t e  t h e  v a l u e  of t h e  pa rame te r  b e i n q  v a r i e d  ( i n d e p e n d e n t  
v a r i a b l e )  a t  t h e  p o i n t  t h e  r o o t  w a s  l a s t  s u c c e s s f u l l y  o b t a i n e d .  
d e n o t e  t h e  v a l u e  of  t h e  i n d e p e n d e n t  v a r i a b l e  a t  which convergence f a i l e d .  

L e t  Vi+l  

2. D iv ide  t h e  i n t e r v a l  (V. , V i + l )  i n t o  a u s e r  s p e c i f i e d  number of i n c r e m e n t s  
1 

n av 
C 

3. Solve  f o r  t h e  r o o t  by u s i n g  d e t e r m i n a n t  i t e r a t i o n  a t  e a c h  i n t e r m e d i a t e  p o i n t  
and  t h e  e n d  p d n t  Vi+ l .  

If convergence i s  a c h i e v e d  a t  
t i c u l a r  r o o t  i s  d e l e t e d  from t h e  s e t  b e i n g  souqht  and  normal  e x e c u t i o n  i s  resumed f o r  
t h e  r e m a i n i n g  roots. 

V i + l l  normal e x e c u t i o n  i s  resumed. If n o t ,  t h a t  p a r -  

P r e c i s e  d e t e r m i n a t i o n  of p o i n t  a t  which change i n  s t a b i l i t y  occur s . -  When t h e  
f i r s t  change i n  s t a b i l i t y  i s  n o t e d ,  t h e  v a l u e  of t h e  p a r a m e t e r  b e i n g  v a r i e d  which 
c o r r e s p o n d s  t o  z e r o  f o r  t h e  r e a l  p a r t  of t h e  r o o t  i s  a u t o m a t i c a l l y  determined.  me 
d e t e r m i n a t i o n  i s  accompl i shed  by 

1. D i v i d i n g  t h e  i n t e r v a l  between V i + l l  where a chanqe i n  s t a b i l i t y  i s  n o t e d ,  
and Vi i n t o  a u s e r  s p e c i f i e d  number o f  i n c r e m e n t s  n 

AVS 

2. E v a l u a t i n g  t h e  c h a r a c t e r i s t i c  r o o t  a t  a l l  i n t e r m e d i a t e  p o i n t s  

3. Per fo rming  a n  i n t e r p o l a t i o n  w i t h  t h e s e  d a t a  t o  f i n d  t h e  p r e c i s e  v a l u e  of  V 
a t  which  t h e  r ea l  p a r t  of  t h e  c h a r a c t e r i s t i c  r o o t  i s  z e r o  

Matched-poin t  c o m p u t a t i o n s  .- Two o p t i o n s  € o r  a u t o m a t i c  matched-point  computa- 
t i o n s  are  p r o v i d e d .  Each s e e k s  matched p o i n t s  a t  a p a r t i c u l a r  i n p u t  Mach number. A 
matched p o i n t  i s  one f o r  which t h e  d e n s i t y ,  Mach number, and  v e l o c i t y  a re  c o n s i s t e n t  
w i t h  a c t u a l  p h y s i c a l  c o n d i t i o n s  (e .g.  , a tmospher i c  c o n d i t i o n s  or t u n n e l  o p e r a t i n q  
c o n d i t i o n s ) .  C h a r a c t e r i s t i c  r o o t s  are  computed a n d  t h e i r  c o r r e s p o n d i n g  K O O t  l o c i  o r  
damping r a t i o s  a n d  n a t u r a l  f r e q u e n c i e s  can  be p l o t t e d  a s  a f u n c t i o n  of t h e  p a r a m e t e r  
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b e i n g  va r i ed .  The p o i n t  a t  which t h e  r ea l  p a r t  of a r o o t  becomes z e r o  d e n o t e s  a 
change  i n  s y s t e m  s t a b i l i t y .  For a n  e l a s t i c  mode, t h i s  c o r r e s p o n d s  t o  a matched f l u t -  
t e r  p o i n t .  The t w o  au tomated  t y p e s  o f  matched-point  computa t ions  are  

1. Wind-tunnel matched p o i n t  ( d e n s i t y  v a r i a t i o n  a t  f i x e d  Mach number) :  

( a  1 Characterist ic roots are examined t o  d e t e r m i n e  s t a b i l i t y  c h a r a c t e r i s t i c s  
w i t h  v e l o c i t y  h e l d  f i x e d .  

( b )  Outputs  f o r  t h i s  t y p e  r u n  i n c l u d e  damping r a t i o s  and  n a t u r a l  f r e q u e n c i e s  
o r  r o o t  l o c i  as  a f u n c t i o n  o f  e i t h e r  d e n s i t y  o r  dynamic p r e s s u r e .  

Dens i ty  v a r i a t i o n  a n a l y s e s  c o r r e s p o n d  t o  t h e  method of  o p e r a t i o n  of some wind 
t u n n e l s  and  a r e  u s e f u l  f o r  c o r r e l a t i n g  a n a l y t i c a l  and  e x p e r i m e n t a l  r e s u l t s  
f o r  scaled f l u t t e r  models. 

2. Atmospheric  matched p o i n t  ( a l t i t u d e  v a r i a t i o n  a t  f i x e d  Mach number) : 

( a )  Reginning a t  a h i q h - a l t i t u d e  ( l o w - q )  c o n d i t i o n ,  c h a r a c t e r i s t i c  r o o t s  a r e  
de t e rmined  a t  spec i f ic  a l t i t u d e s  w i t h  t h e  d a t a  of  r e f e r e n c e  1 9  t o  
d e t e r m i n e  t h e  c o r r e s p o n d i n q  d e n s i t y  and  s p e e d  of sound. Th i s  t y p e  r u n  
y i e l d s  a matched f l u t t e r  p o i n t ,  i f  one e x i s t s ,  f o r  t h e  s p e c i f i e d  Mach 
number. 

( h )  Cu tpu t s  f o r  t h i s  t y p e  of run  i n c l u d e  damping r a t io s  and  n a t u r a l  
f r ~ q ~ i e n c i e s  o r  roo t  l o c i  a s  a f u n c t i o n  o f  e i t h e r  a l t i t u d e  or  dynamic 
p r e s s u r e .  

PROGRAM DESCRIPTION 

I n  t h i s  s e c t i o n ,  proqram f e a t u r e s  a re  o u t l i n e d  a n d  t h e  p r imary  f u n c t i o n s  o f  
major program modules a r e  i d e n t i f i e d .  

F e a t u r e s  €o r  Enhancement of Resource  and  User E f f i c i e n c y  

Cons ide rab le  e f f o r t  w a s  expended t o  d e v e l o p  a code  t h a t  makes e f f i c i e n t  u s e  o f  
r e s o u r c e s  and a l l o w s  t h e  u s e r  t o  e f f i c i e n t l y  s t u d y  t h e  s t a b i l i t y  c h a r a c t e r i s t i c s  Of 

f l e x i b l e  a i r c r a f t .  The f o l l o w i n g  f e a t u r e s  a re  a r e s u l t  of t h e  e f f o r t .  

Over l ay  s t r u c t u r e . -  STABCAR i s  a n  o v e r l a y  proqram w i t h  t w o  levels  of O V e r h Y S .  

The o v e r l a y  s t r u c t u r e  i s  i n d i c a t e d  i n  f i q u r e  4. O v e r l a y i n g  a l l o w e d  m o d u l a r i z a t i o n  of 
t h e  code  which f a c i l i t a t e s  m o d i f i c a t i o n s  a f f e c t i n g  o n l y  one o v e r l a y .  It  a l s o  reduced  
t h e  amount of code  r e q u i r e d  i n  core a t  o n e  t i m e .  

Variable  d imens ions . -  A l l  l a r g e  a r r a y s  a re  v a r i a b l y  d imens ioned ,  w i t h  t h e  dimen- 
s i o n  s p e c i f i e d  by i n p u t .  Th i s  e n a b l e s  t h e  u s e r  t o  e i t h e r  s t u d y  a new ldrqer  problem 
or  make e f f i c i e n t  u s e  of  c e n t r a l  memory when a smaller problem i s  t o  be i n v e s t i q a t e d  
w i t h o u t  makinq proqram m o d i f i c a t i o n s .  

Dynamic s t o r a q e  a l l o c a t i o n . -  Wi th in  e a c h  o v e r l a y ,  t h e  r e q u i r e d  computer  memory 
i s  computed and updated  a t  c r i t i c a l  p o i n t s  d u r i n g  j o b  e x e c u t i o n .  This dynamic a l l o -  
c a t i o n  of s t o r a g e  r e s u l t s  i n  more e f f i c i e n t  u t i l i z a t i o n  of cen t r a l  memory. F u r t h e r  
d e s c r i p t i o n  of t h i s  t e c h n i q u e  i s  g i v e n  i n  r e f e r e n c e  20. 
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F r e e - f i e l d  r eads . -  F r e e - f i e l d  r e a d s  are employed t o  i n p u t  most of t h e  a r r a y  d a t a  
(e. g. , mode s h a p e s  , g e n e r a l i z e d  masses , s t i f f n e s s e s  and  dampings , and u n s t e a d y  a e r o -  
dynamic f o r c e s  ) . 

Model s e l e c t i o n . -  A s u b s e t  of t h e  model t h a t  h a s  been i n p u t  can be  s e l e c t e d  f o r  
s t u d y .  This o p t i o n  a l l o w s  one t o  c o n s i d e r  s p e c i f i e d  d e g r e e s  of  f reedom w h i l e  i q n o r -  
i n g  o t h e r s  t h a t  are r e p r e s e n t e d  i n  a g i v e n  s e t  of d a t a .  The a p p r o p r i a t e  g e n e r a l i z e d  
masses, s t i f f n e s s e s ,  aerodynamic f o r c e s ,  and s o  f o r t h  a re  a u t o m a t i c a l l y  e x t r a c t e d .  

Automated pa rame te r  v a r i a t i o n s  .- S t a b i l i t y  c h a r a c t e r i s t i c s  are t y p i c a l l y  s t u d i e d  
as a f u n c t i o n  of v a r i a t i o n  of dynamic p r e s s u r e  o r  c o n t r o l - l a w  p a r a m e t e r s .  Automatic  
v a r i a t i o n  of dynamic p r e s s u r e  can  be s p e c i f i e d  by t h e  u s e r  i n  t h r e e  ways: ( 1 )  a l t i -  
t u d e  v a r i a t i o n ,  ( 2 )  d e n s i t y  v a r i a t i o n ,  o r  (3) v e l o c i t y  v a r i a t i o n .  Gain v a r i a t i o n s  
c a n  a l s o  be  per formed i n  a n  au tomated  f a sh ion .  The e f fec ts  of v a r i a t i o n s  of o t h e r  
p a r a m e t e r s  - f o r  example,  s e n s o r  l o c a t i o n s  - upon s y s t e m  s t a b i l i t y  c a n  be examined by 
r u n n i n g  s e v e r a l  c a s e s ,  each  h a v i n g  a d i f f e r e n t  v a l u e  of t h e  chosen  parameter .  

G r a p h i c a l  d i s p l a y  of o u t p u t . -  S t a b i l i t y  c h a r a c t e r i s t i c s  can  be d i s p l a y e d  g r a p h i -  
c a l l y  i n  two forms. The' damping r a t i o  and n a t u r a l  f r equency  c o r r e s p o n d i n g  t o  e a c h  
c h a r a c t e r i s t i c  r o o t  can  be p l o t t e d ,  and c h a r a c t e r i s t i c  r o o t  l o c i  can  be p l o t t e d  as  a 
f u n c t i o n  of  any pa rame te r  which can  be v a r i e d  i n  a n  au tomated  manner. In a d d i t i o n ,  
p l o t s  can  be made which show t h e  v a r i a t i o n  of t h e  u n s t e a d y  aerodynamic f o r c e  w i t h  
r educed  f r equency .  The aerodynamic- force  p l o t s  can  e x h i b i t  t h e  d a t a  p o i n t s  i n p u t  
i n t o  STABCAR, c u r v e s  r e s u l t i n g  from i n t e r p o l a t i o n ,  and c u r v e s  r e s u l t i n q  from a 
p -p lane  approx ima t ion  t o  t h e  i n p u t  d a t a .  The Langley Graph ics  package employed t o  
o b t a i n  g r a p h i c s  o u t p u t  i s  n o t  i n c l u d e d  i n  STABCAR. A d e s c r i p t i o n  i s  g iven  i n  appen-  
d i x  E of t h e  f u n c t i o n  of t h e  r o u t i n e s  i n  t h i s  package t o  f a c i l i t a t e  s u b s t i t u t i o n s  of 
equ i va l e n t  s of t w a  r e. 

I n t e r a c t i v e  execu t ion . -  I n t e r a c t i v e  e x e c u t i o n  of STABCAR i s  a n  o p t i o n .  Some 
a d v a n t a q e s  of i n t e r a c t i v e  e x e c u t i o n  a r e  t h e  more r a p i d  receipt of  o u t p u t ,  t h e  immedi- 
a t e  v i s i b i l i t y  of i n p u t  e r r o r s ,  and t h e  c a p a b i l i t y  of e a r l y  t e r m i n a t i o n .  

Restart c a p a b i l i t y . -  D a t a  t h a t  d e f i n e  t h e  ma themat i ca l  model b e i n g  employed i n  
t h e  c u r r e n t  case are  s t o r e d  on TAPE1, a random a c c e s s  f i l e .  The d a t a  i n c l u d e  
s e l e c t e d  modal i n f o r m a t i o n  and c o r r e s p o n d i n g  aerodynamic f o r c e s  i n c l u d i n q  a p -p lane  
f i t  i f  i t  h a s  been g e n e r a t e d .  In  a d d i t i o n ,  i f  t h e  p l o t  c o n t r o l  pa rame te r  is nonzero ,  
C h a r a c t e r i s t i c  r o o t s  are  s t o r e d  as a f u n c t i o n  of t h e  p a r a m e t e r  be inq  v a r i e d  a l o n g  
w i t h  t h e  u s e r - s u p p l i e d  c a s e  t i t l e  f o r  i d e n t i f i c a t i o n .  Consequent ly ,  i f  TAPE1 i s  
s a v e d ,  it may be  u s e d  i n  a subsequen t  c a s e  i f  t h e  model s e l e c t e d  i s  a s u b s e t  of t h e  
p r e v i o u s  c a s e .  Thus, f o r  example, t h e  p-plane c o e f f i c i e n t s  need n o t  be recomputed. 
The new c a s e  might  be t o  e x t e n d  t h e  r ange  of v a r i a t i o n  of a p a r a m e t e r ,  t o  d e l e t e  
r e d u n d a n t  o r  e r r o n e o u s  c h a r a c t e r i s t i c  r o o t  d a t a ,  o r  t o  combine s e t s  of c h a r a c t e r i s t i c  
r o o t  d a t a  i n t o  one composi te  p l o t .  Examples are  g iven  i n  t h e  sample cases which 
i l l u s t r a t e  s e v e r a l  of t h e s e  p o s s i b i l i t i e s .  

F u n c t i o n a l  D e s c r i p t i o n  of Over l ays  

The program i s  s t r u c t u r e d  wi th  two l e v e l s  of  o v e r l a y s .  m e  f i r s t  l e v e l  ( o v e r l a y  
M A I N )  i s  a n  e x e c u t i v e .  A b r i e f  summary of t h e  major  f u n c t i o n s  of each  o v e r l a y  w i l l  
be  p r e s e n t e d  h e r e .  A more d e t a i l e d  d e s c r i p t i o n  i n c l u d i n g  t h e  f u n c t i o n  of major s u b -  
r o u t i n e s  and  d e f i n i t i o n  of key  pa rame te r s  which d i r e c t  t h e  computa t ions  i s  g i v e n  i n  
a p p e n d i x  F. 
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M A I N :  This  e x e c u t i v e  o v e r l a y  d i rec ts  t h e  computa t ions  by c a l l i n g  o t h e r  o v e r l a y s  
based  upon i n p u t  p a r a m e t e r s .  N a m e l i s t  d a t a  a re  i n p u t  which d e f i n e  t h e  t y p e  of s t u d -  
ies  t o  be performed. 

I N T E R P :  INTERP performs g e o m e t r y - r e l a t e d  computa t ions  needed f o r  a s u r f a c e  
s p l i n e  f i t  if m o d e s h a p e  d a t a  a re  f o r  a p l a t e .  The d a t a  r e q u i r e d  i n  t h e s e  computa- 
t i o n s  a re  i n p u t  here. The r e s u l t s  of  t h e  computa t ions  a re  s u b s e q u e n t l y  u s e d  i n  
SENSOR t o  g e n e r a t e  S u r f a c e  S p l i n e  c o e f f i c i e n t s  t h a t  f i t  t h e  p l a t e  modal d a t a .  

SENSOR: This o v e r l a y  d e t e r m i n e s  s u r f a c e  s p l i n e  c o e f f i c i e n t s  f o r  f i t t i n g  p l a t e -  
t y p e  modes. Beam-type modal d a t a  a r e  a l s o  i n p u t  h e r e .  I n t e r p o l a t i o n  of  beam a n d  
p l a t e  modal d a t a  i s  performed t o  o b t a i n  modal c o e f f i c i e n t s  d e f i n i n g  e i t h e r  d e f l e c -  
t i o n s  o r  slopes t h a t  would be measured by s e n s o r s  a t  s p e c i f i e d  l o c a t i o n s .  These 
modal c o e f f i c i e n t s  are  s t o r e d  f o r  s u b s e q u e n t  u s e  and d e f i n e  t h e  m a t r i x  H i n  equa-  
t i o n  ( 1 )  o r  ( 2 ) .  

MATINPT: Large d a t a  a r r a y s  s u c h  as t h e  aerodynamic  d a t a ,  q e n e r a l i z e d  masses, 
g e n e r a l i z e d  s t i f f n e s s e s ,  and  c o n t r o l - s y s t e m  dynamics d e f i n i t i o n s  a r e  i n p u t .  I n  a d d i -  
t i o n ,  t h e  s e l e c t i o n  f e a t u r e  i s  c o n t a i n e d ,  which e n a b l e s  one  t o  choose  a ma themat i ca l  
model t h a t  i s  a s u b s e t  of  t h e  model d e f i n e d  by a q i v e n  s e t  of  d a t a .  

PPLANE: T h i s  o v e r l a y  i s  c a l l e d  i f  a p-p lane  approx ima t ion  t o  t h e  aerodynamic  
f o r c e s  i s  d e s i r e d .  ?he b e s t  c o e f f i c i e n t s  a re  de te rmined ,  i n  a l e a s t - s q u a r e s  s e n s e ,  
t o  employ i n  e q u a t i o n  ( 3 ) ,  q i v e n  a s e t  of  aerodyamic  f o r c e  d a t a  d e f i n e d  o v e r  a r ange  
of  r educed  f r e q u e n c i e s .  These c o e f f i c i e n t s  a r e  s t o r e d  f o r  s u b s e q u e n t  u s e  i n  o v e r l a y s  
PKFLUT and  AEROPLT. 

CONTROL: The m a t r i x  of  t r a n s f e r  f u n c t i o n s  T TIT is c o n s t r u c t e d .  (See  
eqs. ( 9 )  and ( 1 3 ) . )  'he ( ) i j  e l e m e n t  re la tes  tReLo?tput  of  a c t u a t o r  i t o  t h e  
i n p u t  of  s e n s o r  j e x c l u d i n g  ( G ) i j  and  a n y  s c h e d u l i n q  o r  p h a s e  error .  ?he p o l y -  
nomia l  c o e f f i c i e n t s  f o r  s e n s o r ,  compensa t ion ,  and  a c t u a t o r  dynamics are c o n s t r u c t e d  
s e p a r a t e l y  and  t h e n  combined. Fach e l e m e n t  o f  t h e  r e s u l t i n q  m a t r i x  c a n  t h e n  be mul- 
t i p l i e d  by a d i s t i n c t  feedback  g a i n  and  s c h e d u l i n q  component i n  o v e r l a y  PKFLUT. 

PKFLUT: The m a t r i x  i n  e q u a t i o n  ( 1 )  o r  ( 2 )  i s  formed.  C h a r a c t e r i s t i c  roots a r e  
d e t e r m i n e d  a s  a f u n c t i o n  of  v a r i a t i o n  i n  a l t i t u d e ,  d e n s i t y ,  v e l o c i t y ,  or feedback  
q a i n s  and t h e  r e s u l t i n q  o u t p u t  i s  s t o r e d  f o r  poss ib le  s u b s e q u e n t  p l o t t i n q .  By oper- 
a t i n q  i n  a m u l t i c a s e  mode, t h e  e f f e c t  o f  v a r i a t i o n  i n  o t h e r  p a r a m e t e r s  s u c h  as actua-  
t o r  or compensator  dynamics or s e n s o r  l o c a t i o n  c a n  a l s o  be s t u d i e d .  

AEROPLT: P l o t s  are  c o n s t r u c t e d  which show hcw t h e  o s c i l l a t o r y  aerodynamic  
f o r c e s  va ry  wi th  r educed  f r e q u e n c y  and  d e p i c t  how t h e  p -p lane  approx ima t ion  f i t s  t h e  
d a t a .  

PKPLOT: P l o t s  showing roo t  l o c i  r e s u l t i n q  f rom v a r i a t i o n  i n  v e l o c i t y ,  d e n s i t y ,  
a l t i t u d e ,  dynamic pressure,  o r  f eedback  q a i n s  c a n  be q e n e r a t e d .  A l t e r n a t i v e l y ,  damp- 
i n q  r a t io s  and  n a t u r a l  f r e q u e n c i e s  c a n  be p l o t t e d  f o r  s p e c i f i e d  modes as  a f u n c t i o n  
of any  of  t h e s e  pa rame te r s .  N a m e l i s t  i n p u t s  a r e  accepted which d e f i n e  t h e  t y p e s  of 
p l o t s  d e s i r e d ;  scales;  p l o t  t i t l e s  and  which p l o t  da t a  f i l e s ,  amonq t h o s e  a v a i l a b l e ,  
s h o u l d  be  combined t o  make a compos i t e  p l o t .  



STABCAR Flowchart  

A f l o w c h a r t  i s  p r e s e n t e d  i n  f i g u r e  5, which describes t h e  c o m p u t a t i o n a l  f l o w  i n  
STABCAR. T h i s  f l o w c h a r t ,  a l t h o u g h  r e l a t i v e l y  d e t a i l e d ,  i s  n o t  i n t e n d e d  t o  d e s c r i b e  
ei ther t h e  e f f e c t s  of  a l l  i n p u t  o p t i o n s  o r  t h e  f u n c t i o n  of  a l l  program s u b r o u t i n e s .  

INPUT REQUIREMENTS 

D e s c r i p t i o n  of I n p u t  F i l e s  

I n  t h i s  s e c t i o n  STABCAR i n p u t  r equ i r emen t s  are d e f i n e d .  The documentat ion of  
t h e  i n p u t  r e q u i r e m e n t s  i s  p r e s e n t e d  i n  tables I th rough  V. T h e r e i n ,  t h e  t y p e s  of  
d a t a  are o u t l i n e d ;  a d e t a i l e d  d e s c r i p t i o n  of t h e  i n p u t s  i s  g i v e n  which d e f i n e s  t h e  
i n d i v i d u a l  i n p u t  v a r i a b l e s  a l o n g  w i t h  case -dependen t  c o n d i t i o n s  t h a t  d e t e r m i n e  
whe the r  c e r t a i n  of t h e  d a t a  are r e q u i r e d ;  and t h e  i n p u t  f i l e s  t h a t  c o n t a i n  t h e  d a t a  
are  i d e n t i f i e d .  The co r re spondence  between t h e  FORTRAN names and  t h e  a l q e b r a i c  names 
of t h e  v a r i a b l e s  i s  a l s o  i n d i c a t e d  i n  t h e s e  t a b l e s .  

TAPE2 c o n t a i n s  d a t a  which d e f i n e  problem s i z e ,  u s e r  o p t i o n s ,  s t a r t i n g  e s t i m a t e s ,  
c o n t r o l  s y s t e m  d e f i n i t i o n ,  and  s o  f o r t h .  These d a t a ,  p r i m a r i l y  n a m e l i s t ,  are o u t -  
l i n e d  i n  t ab le  I. Table  I1 c o n t a i n s  a d e t a i l e d  d e s c r i p t i o n  of  t h e  TAPE2 i n p u t s .  I f  
I C A S E  i s  p o s i t i v e ,  t h e  r u n  i s  t o  be a n  i n t e r a c t i v e  one where changes i n  d a t a  are made 
on a remote t e r m i n a l  d u r i n g  program e x e c u t i o n .  In t h i s  c a s e ,  a l l  s u c h  changes  i n  
i n p u t  are  made i n t e r a c t i v e l y  from f i l e  I N P U T  d u r i n g  program e x e c u t i o n .  

TAPE5 i s  a f i l e  c o n t a i n i n q  t h e  bu lk  o f  t h e  a r r a y  d a t a  r e q u i r e d  f o r  proqram e x e -  
c u t i o n .  All s u c h  d a t a  are  r e a d  f r e e  f i e l d .  The d a t a  c o n t a i n e d  on TAPE5 a n d  t h e  
a r r a y  s i z e s  a r e  shown i n  t a b l e  111. 

TAPE1 0 c o n t a i n s  mode-shape d a t a  t o  be employed i n  d e t e r m i n i n g  s e n s o r  d e f l e c t i o n s  
f o r  computing f eedback  s i q n a l s  a s  i n d i c a t e d  i n  t a b l e  IV .  

TAPE1 is a random-access b i n a r y  f i l e  c r e a t e d  by the proqram. ! k t a  on T.APE1 have 
been e i t h e r  i n p u t  or g e n e r a t e d  i n  a p a r t i c u l a r  o v e r l a y  of STABCAR. 'Ihese d a t a  may be 
r e q u i r e d  i n  o t h e r  s e c t i o n s  of t h e  proqram d u r i n g  t h e  c u r r e n t  case o r  may be needed i n  
a s u b s e q u e n t  case. For example,  t h e  u s e r  may have s e l e c t e d  a s u b s e t  of  t h e  mathe- 
matical  model. T h i s  f i l e  c o u l d  be saved  by t h e  u s e r  f o r  f u t u r e  runs.  The o p t i o n  of 
u s i n g  t h e  TAPE1 data as  i n p u t  i s  accomplished by s e t t i n g  ICASE = f l  and  t h e  o p t i o n  
of s e l e c t i n g  a s u b s e t  of t h e  model d a t a  s t o r e d  on TAPE 1 i s  e x e r c i s e d  by s e t t i n g  
ISELECT = -1 as i l l u s t r a t e d  i n  case 6 i n  appendix G. The c o n t e n t s  of TAPE1 are  
i n d i c a t e d  i n  t a b l e  Iv. 

I n p u t  Aids 

Many cases are r u n  which employ a p r e v i o u s l y  g e n e r a t e d  TAPE1 €or t h e  b u l k  of t h e  
i n p u t .  
TAPE2 v a r i a b l e s  a n d  s e l e c t e d  s e n s o r  d a t a  s t o r e d  on TAPE1 may be  de t e rmined  by e x e c u t -  
i n g  STABCAR w i t h  IFLUT = 0, ICASE = + I ,  ICONSYS = 1 ,  and  TAPE1 l o c a l .  I f  IAEROWR 
i s  s e t  e q u a l  t o  1 ,  t h e  aerodynamic force t a b u l a r  a r r a y s  w i l l  a l s o  be o u t p u t .  I f  
IMODEWR i s  s e t  e q u a l  t o  1 ,  g e n e r a l i z e d  masses, s t r u c t u r a l  dampings,  and e i t h e r  
n a t u r a l  f r e q u e n c i e s  o r  t h e  g e n e r a l i z e d  s t i f f n e s s  m a t r i x  w i l l  be o u t p u t .  

?he u s e r  may be  i n  d o u b t  as t o  p r e c i s e l y  what v a l u e s  are s t o r e d  on TAPE1. 
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A l o c a l  s c r a t c h  f i l e  c a l l e d  STABIN i s  produced  by STABCAR which r e f l e c t s  TAPE2 
or INPUT f i l e  d a t a  g e n e r a t e d  d u r i n g  a series of  b a t c h  o r  i n t e r a c t i v e  STABCAR r u n s .  
When ICASE = t 2  ( i . e .  , a n  i n i t i a l i z a t i o n  r u n )  , STABIN c o n t a i n s  t h e  v a l u e s  of  a l l  
var iab les  i n c l u d i n q  d e f a u l t  v a l u e s ,  e x c e p t  f o r  a r r a y  variables where o n l y  t h e  f i r s t  
v a l u e  and  any  nonzero  v a l u e s  a re  e x h i b i t e d .  When ICASE = +1 ,  STABIN c o n t a i n s  t h e  
v a l u e s  a c t u a l l y  i n p u t  as  w e l l  as a n y  d e f a u l t  v a l u e s  p e r t i n e n t  t o  t h e  a n a l y s i s  b e i n g  
a t t empted .  STABIN i s  n o t  rewound by STABCAR; t h e r e f o r e ,  i t  c a n  p r o v i d e  t h e  u s e r  w i t h  
a r e c o r d  o f  what was done d u r i n q  a m u l t i c a s e  s e s s i o n .  

When IPKLT = +1, t h e  u s e r  h a s  a number of  o p t i o n s  p e r t a i n i n q  t o  any  sets of  
p l o t  d a t a  s t o r e d  o n  TAPE1. If t h e  u s e r  se t s  IDELPLT = + 1 ,  h e  may d e l e t e  s e t s  o f  bad  
p l o t  d a t a  by s p e c i f y i n g  which of  t h e  s t o r e d  p l o t  sets h e  w i s h e s  t o  keep .  The u s e r  
c a n  s p e c i f y  which sets  h e  wi shes  t o  k e e p  i n  any  o r d e r .  They w i l l  t h e n  be re sequenced  
i n  t h e  o r d e r  s e l e c t e d .  I f  IDELPLT = 0, t h e  u s e r  may combine a series of  p l o t  sets 
t o  f o r m  a composi te  p l o t .  (See a p p e n d i x  G, t ab le  G V I I ,  f o r  example ) .  Here too ,  t h e  
p l o t  sets may be chosen  i n  any  c o n v e n i e n t  o r d e r .  'Ihe c h o i c e  of o r d e r  i s  q e n e r a l l y  
made s o  as  t o  maximize ISAME ( t a b l e  I I ) ,  which minimizes  t h e  number o f  t i m e s  n a m e l i s t  
SPLOTP h a s  t o  be i n p u t  ( t a b l e  G V I I ) .  

PROGRAM CAPABILITY DEMONSTRATION 

I n  t h i s  s e c t i o n  some of t h e  c a p a b i l i t i e s  o f  STABCAR are  demons t r a t ed .  A mathe- 
matical model of  an  a i r c r a f t  i s  d e f i n e d  and  STABCAR i s  employed t o  examine i t s  s t a -  
b i l i t y  c h a r a c t e r i s t i c s  as  a f u n c t i o n  of  severa l  parameters. The i n p u t s  r e q u i r e d  t o  
q e n e r a t e  e a c h  sample c a s e  a re  shown and a q r a p h i c a l  d i s p l a y  of t h e  r e s u l t s  f rom e a c h  
case i s  p resen ted .  

A i r c r a f t  Ma themat i ca l  Model 

R e s u l t s  o b t a i n e d  by u s i n g  STABCAR a r e  shown f o r  a ma themat i ca l  model of a n  e a r l y  
v e r s i o n  of t h e  DAST ARW-2 (Drones f o r  Aerodynamic and S t r u c t u r a l  T e s t i n g ,  Aeroelastic 
Research  Wing Number 2 ) .  The DAST ARW-2 h a s  a h i g h - a s p e c t - r a t i o  ( 1  0 .3 )  s u p e r c r i t i c a l  
wing h a v i n g  25' sweep a t  midchord mounted on a F i r e b e e  d rone  f u s e l a g e .  The s t r u c -  
t u r a l  d e s i g n  of t h e  wing w a s  per formed by the Boeing M i l i t a r y  A i r p l a n e  Company 
( r e f s .  21 and 2 2 )  unde r  t h e  a s sumpt ion  t h a t  a n  a c t i v e  f l u t t e r  s u p p r e s s i o n  sys t em 
would be o p e r a t i o n a l .  The wing w i l l  f l u t t e r  w i t h i n  t h e  f l i g h t  enve lope  w i t h  t h e  
f l u t t e r  s u p p r e s s i o n  sys t em t u r n e d  o f f .  The s t r u c t u r a l  model w a s  s u p p l i e d  t o  NASA by 
t h e  Boeing M i l i t a r y  Ai rp lane  Company. The s t r u c t u r a l  model w a s  i n p u t  i n t o  t h e  
NASTRAN program ( r e f .  6 )  t o  ob ta in  t h e  modal c h a r a c t e r i s t i c s  of t h e  model. Two 
r ig id-body modes (p lunge  and  p i t c h ) ,  1 0  symmetr ic  e l a s t i c  modes, and  1 c o n t r o l  mode 
were r e t a i n e d  f o r  computa t ion  of  g e n e r a l i z e d  aerodynamic  f o r c e s .  The r e s u l t i n g  modal 
i n f o r m a t i o n  t o g e t h e r  w i t h  geometric and  p a n e l i n g  data were i n p u t  i n t o  t h e  ISAC 
( I n t e r a c t i o n  of S t r u c t u r e s ,  Aerodynamics, and  C o n t r o l s )  program ( r e f .  7 )  where 
uns t eady  aerodynamic f o r c e s  were g e n e r a t e d  by u s i n g  a double t  l a t t i c e  method. The 
aerodynamic p a n e l i n g  employed, as w e l l  as  t h e  l oca t ion  of t h e  c o n t r o l  s u r f a c e  and  
s e n s o r s  t o  be employed f o r  a f l u t t e r  s u p p r e s s i o n  sys t em,  i s  i n d i c a t e d  s c h e m a t i c a l l y  
i n  f i g u r e  6. The f l u t t e r  suppression c o n t r o l  l a w  t h a t  i s  u s e d  is shown i n  f i g u r e  7. 
I n  t h i s  c o n t r o l  l a w ,  t h e  d i f f e r e n c e  i n  s i g n a l s  f rom t w o  a c c e l e r o m e t e r s  l o c a t e d  a t  
( x s , y s ) l  = (7 .144,2.083)  m and ( X ~ , Y , ) ~  = (7 .336 ,2 .134)  m i s  f e d  back t o  a n  a c t u a -  
tor d r i v i n g  an  o u t b o a r d  a i l e r o n .  N o t e  t h a t  t h e r e  i s  a s c h e d u l e d  component i n  t h e  
f i l t e r  which v a r i e s  w i t h  Mach number and dynamic pressure t o  provide a p p r o p r i a t e  
p h a s i n g  b e t w e e n  s e n s o r  o u t p u t  and  actuator  i n p u t  a t  v a r y i n g  f l i g h t  c o n d i t i o n s .  
Appendix B shows how t h e  s c h e d u l e d  component w a s  i n c o r p o r a t e d  i n t o  STABCAR. 
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G r a p h i c a l  Ou tpu t  From Sample Cases 

lhe amount of  i n f o r m a t i o n  t o  be o u t p u t  by STABCAR i s  selectable by t h e  u s e r .  
The b a s i c  f i l e  f o r  p r i n t e d  o u t p u t  i s  TAPE6 which can  be s e n t  t o  t h e  p r i n t e r  f o r  
e i t h e r  b a t c h  o r  i n t e r a c t i v e  runs .  This l e n g t h y  o u t p u t  i s  w e l l  i d e n t i f i e d  by 
H o l l e r i t h  d e s c r i p t o r s  and i s  n o t  shown he re .  When i n t e r a c t i v e  r u n s  are b e i n g  made, 
t h e  u s e r  w i l l  t y p i c a l l y  minimize t h e  i n f o r m a t i o n  d i s p l a y e d  t o  t h e  s c r e e n .  The v a r i -  
ables employed t o  d e s i g n a t e  t h e  o u t p u t  d e s i r e d  have been  d e f i n e d  i n  table  I1 i n  name- 
l i s t  SINPUT. I n  t h e  r e s u l t s  which f o l l o w ,  o n l y  g r a p h i c a l  o u t p u t s  t o  t h e  s c r e e n  a re  
p r e s e n t e d .  The i n p u t s  r e q u i r e d  t o  g e n e r a t e  each f i g u r e  are g i v e n  i n  append ix  G. 

Case 7 - Mrodynamic  f o r c e s  and  p-plane approximation.-  I n  case 1 (aerodynamic 
f o r c e s  a n d  p-plane a p p r o x i m a t i o n )  , a p -p lane  approx ima t ion  was made t o  t h e  a e r o d y -  
namic f o r c e s .  F i g u r e  8 s h m s  t h e  s e l e c t e d  aeroiiynamic f o r c e  d a t a  i n p u t  i n t o  STABCAR, 
t h e  c u r v e s  r e s u l t i n g  from a q u a d r a t i c  i n t e r p o l a t i o n  f o r  p o i n t s  between t h e  d a t a ,  and  
a p -p lane  f i t .  The e l e m e n t s  shown a re  t h o s e  f o r  t h e  t h r e e  e l a s t i c  modes t h a t  are 
most c r i t i c a l  i n  t h e  f l u t t e r  mechanism and  t h o s e  f o r  t h e  c o r r e s p o n d i n g  c o n t r o l  s u r -  
f a c e  e f f e c t i v e n e s s  elements.  lhe i n p u t s  r e q u i r e d  t o  q e n e r a t e  t h e s e  f i g u r e s  are p r e -  
s e n t e d  i n  append ix  G. 

C a s e  2 - Open-loop c h a r a c t e r i s t i c  r o o t s  a s  f u n c t i o n  of  a l t i t u d e . -  F i g u r e  9 ( a )  
shows t h e  root l oc i  of  t h e  a i r c r a f t  w i t h o u t  c o n t r o l s  as t h e  a l t i t u d e  i s  v a r i e d .  
Case 2 (open- loop  c h a r a c t e r i s t i c  r o o t s  as  f u n c t i o n  of a l t i t u d e )  i s  f o r  a Mach number 
o f  0.86; e a c h  p o i n t  i s  matched by s o l v i n q  f o r  t h e  a t m o s p h e r i c  d e n s i t y  a t  t h e  a l t i t u d e  
as  w e l l  as t h e  s p e e d  a t  t h a t  a l t i t u d e  c o r r e s p o n d i n g  t o  t h e  0.86 Mach number. The 
open-loop f l u t t e r  o c c u r s  a t  h = 6.705 km which c o r r e s p o n d s  t o  a v e l o c i t y  o f  

3 269.6 m/sec a n d  a d e n s i t y  of 0.6101 kq/m . Note t h a t  t h e  r o o t s  c o r r e s p o n d i n q  t o  
modes 3 ,  5, and 8 are v a r y i n g  w i t h  a l t i t u d e ,  whereas t h e  o t h e r  roots c o n s i d e r e d  a re  
r e l a t i v e l y  u n a f f e c t e d .  It w i l l  be shown, i n  a s u b s e q u e n t  p l o t ,  t h a t  e s s e n t i a l l y  t h e  
same f l u t t e r  p o i n t  i s  p r e d i c t e d  w i t h  a ma themat i ca l  model t h a t  r e t a i n s  o n l y  t h e  3d, 
S t h ,  a n d  8 t h  modes i n  t h e  a n a l y s i s .  Figure 9 ( b )  p r e s e n t s  e s s e n t i a l l y  t h e  same i n f o r -  
mat ion as  f i g u r e  9 ( a )  e x c e p t  damping r a t i o s  and  n a t u r a l  f r e q u e n c i e s  are p l o t t e d  a s  
e x p l i c i t  f u n c t i o n s  of  t h e  a l t i t u d e .  

C a s e  3 - Open-loop c h a r a c t e r i s t i c  r o o t s  a s  f u n c t i o n  of d e n s i t y . -  R e s u l t s  
o b t a i n e d  by r u n n i n g  c a s e  3 a r e  shown i n  f i g u r e  10. F i g u r e s  1 0 ( a )  and  ( b )  show r o o t  
l o c i  a n d  damping r a t i o  and  n a t u r a l  f r equency  v a r i a t i o n s ,  r e s p e c t i v e l y ,  as a f u n c t i o n  
of d e n s i t y  f o r  NMa = 0.86 and U = 269.6 m/sec f o r  no  c o n t r o l s .  The f l u t t e r  p o i n t  
o c c u r r e d  a t  which i s  i n  p e r f e c t  agreement  w i t h  the a l t i t u d e  v a r i a -  
t i o n  c a s e .  

p = 0.6101 kg/m3 

Case 4 - Open-loop c h a r a c t e r i s t i c  r o o t s  a s  f u n c t i o n  of  dynamic p r e s s u r e . -  Fig-  
u r e s  l l ( a )  and  ( b )  for  case 4 (open-loop c h a r a c t e r i s t i c  r o o t s  as f u n c t i o n  of  dynamic 
p r e s s u r e )  c o r r e s p o n d  p r e c i s e l y  t o  f i g u r e s  1 0 ( a )  and  (b). They are d e n s i t y  v a r i a t i o n  
r u n s  b u t  t h e  i n d e p e n d e n t  v a r i a b l e  h a s  been changed t o  dynamic p r e s s u r e  t o  show t h e  
c h a r a c t e r i s t i c  roots as a f u n c t i o n  of q. P l o t s  of r o o t  v a r i a t i o n s  as a f u n c t i o n  of 
dynamic p r e s s u r e  c a n  a l s o  be made i n  a l t i t u d e  and  v e l o c i t y  v a r i a t i o n  r u n s .  

Case 5 - Characteristic roots as f u n c t i o n  of  v e l o c i t y  ( t r u n c a t e d  model).-  Case 5 
shows r e s u l t s  f rom u s i n g  a t r u n c a t e d  model. F i g u r e  1 2 ( a )  i s  a n  open-loop p l o t  o f  
damping ra t ios  a n d  n a t u r a l  f r e q u e n c i e s  v e r s u s  v e l o c i t y .  The aerodynamic f o r c e s  f o r  
Nm = 0.86 a n d  t h e  matched-point  d e n s i t y  found i n  f i g u r e s  9 and  1 0  are employed. 
Thus, o n l y  t h e  p o i n t  a t  which U = 269.6 i s  a matched p o i n t .  I n  t h i s  run,  t h e  
se lec t  f e a t u r e  h a s  been employed t o  c o n s i d e r  o n l y  t h e  e f f e c t s  of t h e  modes t h a t  a r e  
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m o s t  i m p o r t a n t  t o  t h e  o n s e t  of  f l u t t e r .  These a re  modes 3, 5 ,  and  8 which are  t h e  
l s t ,  3d, and  6 t h  e l a s t i c  modes. Tne p r e d i c t e d  f l u t t e r  s p e e d  o f  271.2 m/sec i s  w i t h i n  
1 p e r c e n t  o f  t h a t  found  ea r l i e r  w i t h  t w o  r ig id-body and s i x  e l a s t i c  modes. In  f i g -  
u r e  1 2 ( b )  damping r a t io s  and  n a t u r a l  f r e q u e n c i e s  a re  p l o t t e d  a s  a f u n c t i o n  o f  v e l o c -  
ity under  t h e  same c o n d i t i o n s  and  a s sumpt ions  as f o r  f i g u r e  1 2 ( a )  e x c e p t  t h a t  t h e  
c o n t r o l  loop i s  c l o s e d .  The c o n t r o l - s y t e m  rep resen ta t ion  i s  t h a t  shown i n  f i g u r e  7. 
The a i r c r a f t  does  n o t  f l u t t e r  f o r  t h e  r ange  of v e l o c i t i e s  shown. 

Case 6 - E l a s t i c  mode g a i n  r o o t  l oc i . -  F i q u r e  1 3  shows g a i n  root  l o c i  (case 6 )  
f o r  e l a s t i c  mode r o o t s  a t  Nm = 0.86 and  h = 4.572 km which c o r r e s p o n d  t o  UD. 
For  t h i s  c o n d i t i o n  t h e  open-loop ARW-2 c o n f i q u r a t i o n  i s  u n s t a b l e  as  i n d i c a t e d  by t h e  
roo t  i n  t h e  r i g h t  h a l f - p l a n e  i n  f i g u r e  13. The root  loci  are  shown f o r  b o t h  a p-k 
( s o l i d  l i n e s )  and  a p-p (dashed  l i n e s )  a n a l y s i s .  The u n s t a b l e  mode i s  s t a b i l i z e d  a t  
a g a i n  of approx ima te ly  0.7. The s l i g h t  d i f f e r e n c e  between t h e  p-k and  p-p a n a l y s e s  
f o r  t h i s  root  a t  t h e  j a - a x i s  c r o s s i n q  i s  a n  i n d i c a t i o n  t h a t  t h e  l e a s t - s q u a r e s  f i t  of 
t h e  aerodynamic f o r c e s  i s  n o t  precise a t  t h e  f l u t t e r  f r equency .  N o t e  t h a t  t h e  mode 
number i d e n t i f i c a t i o n  does  n o t  c o r r e s p o n d  t o  t h e  numberinq of  t h e  e a r l i e r  f i q u r e s .  
The m a t r i x  i t e r a t i o n  t e c h n i q u e  w a s  employed h e r e  t o  o b t a i n  i n i t i a l  estimates f o r  t h e  
open-loop r o o t s .  The roots  a re  numbered i n  a s c e n d i n q  o r d e r  of  maqni tude of  t h e  open-  
loop  roots. S ince  t h e  t w o  r i g id -body  roots are n o t  shown, t h e  lowest number i s  3. 

Case 7 - E f f e c t  of phase  errors upon e l a s t i c  mode q a i n  r o o t  loci .-  F i q u r e  1 4  
i l l u s t r a t e s  t h e  u s e  o f  STABCAR t o  d e t e r m i n e  whe the r  s p e c i f i e d  p h a s e  and  g a i n  marq ins  
a re  m e t  by a c a n d i d a t e  c o n t r o l  l a w .  T h i s  f i g u r e  p r e s e n t s  t h e  g a i n  root loci  of  t h e  
e l a s t i c  mode roots  (case 7 )  a t  t h e  same f l i q h t  c o n d i t i o n  as t h o s e  f o r  f i g u r e  1 3  f o r  
t h e  p-p a n a l y s i s  o n l y .  A d d i t i o n a l  roo t  loc i  are  shown where t h e  c o n t r o l  s i g n a l  h a s  
been mod i f i ed  by phase  errors of  -45O and 45". The f i q u r e  i n d i c a t e s  t h a t  t h e  c a n d i -  
d a t e  c o n t r o l  l a w  h a s  less t h a n  a -45O phase  marqin a t  t h e  nominal  g a i n  a n d  d o e s  n o t  
meet a -6 d R  q a i n  marqin a t  nominal  phase .  

Case 8 - Gain r o o t  l o c i  of  c o n t r o l  s y s t e m  poles.- F i g u r e  1 5  shows t h e  g a i n  roo t  
loci  f o r  t h e  c o n t r o l  s y s t e m  p o l e s  (case 8 )  a t  NMa = 0.86 and  h = 6.705 km, which 
i s  t h e  open-loop f l u t t e r  p o i n t .  The dynamic p r e s s u r e  a t  t h i s  c o n d i t i o n  i s  25  p e r c e n t  
less t h a n  t h a t  a t  UD ( t h e  f l i q h t  c o n d i t i o n  o f  f i q s .  1 3  and  1 4 ) .  For  t h i s  dynamic 
p r e s s u r e ,  root  l o c i  are  shown f o r  b o t h  p-k ( s o l i d  l i n e s )  and  p-p ( d a s h e d  l i n e s )  
a n a l y s e s .  Loci o n  t h e  n e q a t i v e  rea l  a x i s  were d e t e r m i n e d  f o r  t h e  p-k a n a l y s i s  o n l y  
b e c a u s e  of t h e  c o m p l i c a t i o n s  o c c u r r i n g  i n  t h e  p-p a n a l y s i s  due t o  i s o l a t e d  s i n g u l a r  
p o i n t s  and  p o l e s  i n t r o d u c e d  by t h e  p-p lane  a p p r o x i m a t i o n  t o  t h e  aerodynamic  f o r c e s .  
N o t e  i n  p a r t i c u l a r  t h e  b ranch  where t w o  r ea l  poles merqe t o  fo rm a complex pair .  
Th i s  t y p e  o f  l o c u s  can  best  be h a n d l e d  i n  a n  i n t e r a c t i v e  r u n  by t r y i n q  d i f f e r e n t  
i n i t i a l  e s t i m a t e s  h a v i n q  nonze ro  imaq ina ry  pa r t s  when t h e  b ranch  p o i n t  i s  approached .  
Another c u r v e  of  i n t e r e s t  i s  t h e  l o c u s  o f  t h e  f i l t e r  roo t  which h a s  a n  open loop pole  
a t  (-50,196.5)  r ad / sec .  Its l o c u s  i s  similar t o  t h a t  o f  t h e  3d e l a s t i c  mode i n  f i q -  
u r e  1 3  which emphasizes  t h e  v a r i a t i o n  i n  root  l oc i  p a t t e r n s  t h a t  c a n  occur as a 
r e s u l t  of d i f f e r e n t  z e r o  a n d  open-loop pole loca t ions  between t w o  f l i q h t  c o n d i t i o n s .  

Case 9 - S h o r t - p e r i o d  a l t i t u d e  root  locus . -  A s h o r t - p e r i o d  root  l o c u s  (Case 9 )  
w i t h  a l t i t u d e  i s  p r e s e n t e d  i n  f i g u r e  1 6  f o r  p-k and p-p a n a l y s e s .  The r i q i d - b o d y  
d e g r e e s  of freedom c o n s i d e r e d  i n  t h i s  s t u d y  are  p l u n g e  a n d  p i t c h  about  t h e  c e n t e r  of 
mass w i t h  r e s p e c t  t o  a n  i n e r t i a l  s e t  of  a x e s .  D r a q  c o n t r i b u t i o n s  t o  t h e  p e r t u r b a t i o n  
e q u a t i o n s  are n e q l e c t e d .  The r e s u l t i n q  e q u a t i o n s  f o r  t h e  r ig id -body  roots c o r r e s p o n d  
a p p r o x i m a t e l y  t o  t h o s e  f o r  t h e  s h o r t - p e r i o d  a p p r o x i m a t i o n  w i t h  a d d i t i o n a l  e f f e c t s  of 
uns t eady  aerodynamic f o r c e  c o n t r i b u t i o n s  due  t o  b o t h  r i g i d  a n d  e l a s t i c  mot ion .  
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CONCLUDING REMARKS 

STABCAR is a computer program d e s i g n e d  f o r  t h e  s t u d y  o f  t h e  s t a b i l i t y  c h a r a c -  
ter is t ics  of  f l e x i b l e ,  a c t i v e l y  c o n t r o l l e d  a i r c r a f t .  Analyses  c a n  be pe r fo rmed  t h a t  
i n c l u d e  e i t h e r  o s c i l l a t o r y  o r  approx ima te  f u l l y  u n s t e a d y  aerodynamic f o r c e s .  Deter- 
minan t  i t e r a t i o n  is  employed f o r  c h a r a c t e r i s t i c  root d e t e r m i n a t i o n .  Consequen t ly ,  
s u f f i c i e n t l y  a c c u r a t e  i n i t i a l  estimates a n d  s u f f i c i e n t l y  s m a l l  s t e p s  i n  t h e  q u a n t i -  
t i e s  b e i n g  v a r i e d  are r e q u i r e d  t o  converge upon a n d  f o l l o w  t h e  c h a r a c t e r i s t i c  r o o t s .  

STABCAR can  be e x e c u t e d  i n t e r a c t i v e l y  wi th  a remote t e r m i n a l  which a l l o w s  t h e  
u s e r  t o  r a p i d l y  a s s e s s  t h e  r e s u l t s  h e  i s  o b t a i n i n g  a n d  c o n v e n i e n t l y  change t h e  i n p u t  
d a t a .  Changes s u c h  as d e l e t i n g  modes from t h e  model, a l t e r i n g  t r a n s f e r  f u n c t i o n s  o r  
s e n s o r  t y p e s ,  o r  e x e c u t i n g  d i f f e r e n t  t y p e s  of a n a l y s e s  may be performed q u i c k l y  a n d  
e a s i l y .  

I n  a n  e f f o r t  t o  a i d  p o t e n t i a l  u s e r s ,  a d e s c r i p t i o n  of t h e  ma themat i ca l  t e c h -  
n i q u e s  employed h a s  been o u t l i n e d ,  a f l o w c h a r t  h a s  been  p r o v i d e d ,  key  v a r i a b l e s  have  
been d e f i n e d ,  and  a d e s c r i p t i o n  of  t h e  i n p u t  r e q u i r e m e n t s  h a s  been given.  In a d d i -  
t i o n ,  a series o f  sample c a s e s  have  been p r e s e n t e d  which p r o v i d e  e x p l i c i t  examples  o f  
t h e  i n p u t s  r e q u i r e d  t o  u t i l i z e  t h e  major program c a p a b i l i t i e s .  

STABCAR h a s  been w r i t t e n  s p e c i f i c a l l y  f o r  e f f i c i e n t  o p e r a t i o n  on C o n t r o l  Data 
equipment.  R e v i s i o n s  are r e q u i r e d  t o  r u n  t h i s  program on o t h e r  equipment.  

Langley Research C e n t e r  
N a t i o n a l  A e r o n a u t i c s  and Space A d m i n i s t r a t i o n  
Hampton, VA 23665 
March 7, 1984 
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p-PLANE APPROXIMATION TO THE UNSTEADY AERODYNAMIC FORCES 

Leas t -Squa res  S o l u t i o n  

I t  i s  d e s i r e d  t o  approx ima te  t h e  j t h  column of aerodynamic  f o r c e s  w i t h  t h e  f o l -  
lowing  f u n c t i o n :  

The form of  t h i s  e x p r e s s i o n  i s  t h e  same as t h a t  found i n  r e f e r e n c e s  1 a n d  2. 
e v e r ,  c o n s t r a i n t s  would have  t o  be imposed upon t h e  c o e f f i c i e n t s  t o  have  f u l l  e q u i v -  
a l e n c e  between t h e  f i t  d e s c r i b e d  h e r e  a n d  t h a t  of  r e f e r e n c e s  1 and  2. 

HOW- 

Assume t a b u l a r  d a t a  f o r  o s c i l l a t o r y  motion have  been  computed: 

The o b j e c t i v e  i s  t o  d e t e r m i n e  t h e  c o e f f i c i e n t s  i n  e q u a t i o n  ( A l )  s u c h  t h a t  

$, (p = fi k )  
o f  l i n e a r  e q u a l i t y  c o n s t r a i n t s  which may be imposed upon t h e  c o e f f i c i e n t s .  

best  f i t s  t h e  t a b u l a r  d a t a  i n  a least-squares s e n s e  s u b j e c t  t o  a s e t  

A A 

Consider  a p a r t i c u l a r  e l e m e n t  Qi j Of Q j *  L e t  

d e n o t e  t h e  c o e f f i c i e n t s  t o  be de te rmined .  
c o n s t r a i n t s  which t h e  c o e f f i c i e n t s  must  s a t i s f y  d e n o t e d  by 

Suppose t h a t  t h e r e  are  l i n e a r  e q u a l i t y  

CTA = C 
I i j  Oi j 

The e r ro r  i n  t h e  f i t  of e q u a t i o n  ( A 1  ) t o  t h e  d a t a  a t  k = k n i s  

f 

2 2  
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o r  

where 

and  

B =  
n 

- 

1 0  

O kn 

2 
n -k 

0 

2 * - -  
b2 + k 

l j  n 

b .k 

b 2  + k 

1 1  n 

l j  n 
2 * * *  

- 
k 2  

n 
2 
n 

b 2  + k 
nnj  j 

b k  
n j n  

b2 + k 2 
n nnj  j 
- 

Def ine  t h e  s q u a r e  of t h e  magnitude of t h e  e r ror  over all d a t a  p o i n t s  i n c l u d e d  i n  t h e  
l e a s t - s q u a r e s  €it t o  be 

nkk . 
J 

leij l 2  =E eT n n  e 

n=l 
i j  i j  

( A 7  1 

where nkk < nk. Then t h e  c o e f f i c i e n t s  which provide t h e  l e a s t - s q u a r e s  error sub- 
j ec t  t o  t h e  imposed c o n s t r a i n t s  are found  by d e t e r m i n i n g  t h e  A i j  and  h i , ,  which 
minimizes  

j - 
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Per fo rming  t h e  i n d i c a t e d  min imiza t ion  y i e l d s  

S e l e c t a b l e  C o n s t r a i n t s  

The u s e r  may se lec t  c o n s t r a i n t s  t o  impose upon t h e  p-p lane  c o e f f i c i e n t s  f o r  
column j f rom t h e  f o l l o w i n q  l i s t :  

1 .  Fo rce  agreement  w i t h  t a b u l a r  v a l u e  a t  k = 0 (asumes t h a t  k l  = 0 ) :  

2. C o n s t r a i n  slope a t  k = 0 based upon t a h u l a r  d a t a  f o r  column j (assumes  
t h a t  k l  = 0 and k2 i s  s m a l l ) :  

3 .  Cons t r a in  slope a t  k = 0 f o r  column j t o  be r e l a t e d  t o  t h e  t a b u l a r  d a t a  
i n  t h e  mth column a t  k = 0 (assumes t h a t  k l  = 0 ) :  

This c o n s t r a i n t  c a n  he u s e d  t o  r e l a t e  p lunqe  a n d  p i t c h  columns a t  k = 0 
( r e f .  2 3 )  

4. C o n s t r a i n  slope a t  k = 0 t o  be z e r o :  
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5. Null o u t  % : 
j 

For  example, l e t  k = 2, 

where 1 o c c u r s  i n  column k + 1. 

6. Requ i re  a precise f i t  a t  a s p e c i f i c ,  nonze ro  
be a t a b u l a r  p o i n t :  

1 

L 

I f  t h i s  c o n s t r a i n t  
o b t a i n  Qi ( k ) .  

2 k 2  
2 * * *  

0 -k 
b2  + k 

11 

b l  . k  
2 * * *  

k O  
b 2  + k 

11 

f r equency  k 

k 2  
2 + k  bn , , j  

which need n o t  

A i j  = Re [ Q .  . (k) I 
1 7  

is s e l e c t e d ,  t h e  t a b u l a r  d a t a  are  i n t e r p o l a t e d  t o  

I n s t r u c t i o n s  for  p r e p a r i n g  program i n p u t  t o  i n c l u d e  one or more of t h e s e  c o n s t r a i n t s  
are g iven  i n  table  11. See s p e c i f i c a l l y  t h e  var iab les  ICOF, THETAN, and  SPKO. 
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STABCAR c o n t a i n s  a p r o v i s i o n  f o r  i n c l u d i n q  compensator  e l e m e n t s  t h a t  va ry  as  
f u n c t i o n s  o f  Mach number and dynamic p r e s s u r e .  This c a p a b i l i t y  i s  p r o v i d e d  i n  f u n c -  
t i o n  subproqram SCHEDUL where c o n t r o l / s e n s o r  p a i r  i d e n t i f i c a t i o n ,  Mach number, and  
dynamic p r e s s u r e  a r e  a v a i l a b l e .  A phase  error Q i j  i n t r o d u c e d  i n t o  t h e  compensa t ion  
f o r  o n e  c o n t r o l / s e n s o r  p a i r  i s  a l s o  a v a i l a b l e .  mere are  b lock  d a t a  s t a t e m e n t s  i n  
SCHEDUL. ?he u s e r  i n p u t s  d a t a  r e q u i r e d  t o  d e f i n e  h i s  s c h e d u l i n q  l a w s  by u s i n q  t h e  
b lock  d a t a  s t a t e m e n t s .  He t h e n  p r o v i d e s  code  i n  SCHEDUL which u t i l i z e s  t h e  d a t a  and 
t h e  p r e v i o u s l y  mentioned p a r a m e t e r s  t o  d e f i n e  t h e  d e s i r e d  s c h e d u l i n q  l a w s .  An exam- 
p l e  i l l u s t r a t i n q  t h e  p rocedure  f o r  a s i n q l e - i n p u t / s i n q l e - o u t p u t  c o n t r o l  l a w  f o l l o w s .  
The s c h e d u l i n q  l a w  implemented i s  t h a t  shown i n  f i q u r e  7. 

2 6  
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COMPLEX FUNCTION S C H E D U L ( I C , J C , X M A C H , Q B A R , S )  
C O M M O N / G A I N / I G A I N , D E L G A I N ~ l ~ , 2 O ~ , G N ~ l O , 2 O ~ , I P H , J P ! ~ , P H A S E , P H E R R  

COMPLEX PHERR 
C O M M O N / A E R O P / N M S A V E , N C S A V E , N R S A V E  

COMMON /CNSCHC/ C O F 1 ( 1 0 , 2 O ) , C O F 2 ( 1 0 , 2 0 ) , C O F 3 ( 1 0 , 2 O ) , C O F 4 ( 1 0 , 2 0 )  
, C O F 5 ( 1 0 , 2 O ) , C O F 6 ( 1 0 , 2 0 )  , C O F 7 ( 1 0 , 2 0 ) , C O F 8 ( 1 0 , 2 0 ) , C O F 9 ( 1 0 , 2 0 )  
,COF10(10,20, 

,ISCHDUL(10,20) 

C ,NKSAVE,NMNCS 

COMPLEX S 
COMMON/SELECT/NMODES,NOC(25),NKNEW,NCNEW,NRNEW 

DATA COFl/O.,O., 61,197*0/ 
C ,NOK(15),ISELECT 

C ,COF2/0. , O .  , 2 .  3924807E+04, 19710. / 

C ,COF4/0.,0 ,1034.21,197*0./ 
C ,COF5/0 , O . , l  ,197*0./ 
C , C O F 6 / 0 . , 0 . , 7 3 5 . , 1 9 7 * 0 . /  
C ,COF7/0 ,0.,833.3,197*0./ 
C , C O F 8 / 0 . , 0 . , . 0 0 3 3 2 5 7 1 5 4 , 1 9 7 * 0  / 
C ,COF9/0.,0.,300 ,197*0./ 
C ,COFlO/O ,0.,75.,197*0./ 

C ,COF3/0. 1 0 .  ,3.147319E-05,197*0./ 

NMNC=NMODES-NCNEW 
CFl=COFl(IC,JC) 
CFP=COFP(IC,JC) 
CF3=COF3(IC,JC) 
CF4=COF4(IC,JC) 
CFS=COFS(IC,JC) 
CF6=COF6(1C,JC) 
CF7=COF7!IC,JC) 
CFB=COFB(IC,JC) 
CF9=COF9(IC,JC) 
CFlO=COFlO(IC,JC) 

c*--) PHASE ERROR CAN BE INTRODUCED BETWEEN CONTROL IPH AND SENSOR JPH 
C* EXP(I*PHERR) 

SCHEDUL=(l , O . )  
IF(IC.EQ.IPH.AND.JC.EQ.JPH)SCHEDUL=SCHEDUL*PHERR 
iFIiSCHDUL(1c,jc) . N E . I ) R E T ~ ~ R N  

c*--) THIS CODE IMPLEMENTS THE SCHEDULED COMPONENTS OF THE CONTROL LAW 
C* DEFINED IN FIGURE 7 .  

c*--) IF(M ( 0.61) THEN M=.61 
XM= XMACH 

IF(XM.LT.CFI)XM=CFl 
QB=QBAR 

c*--) IF(Q ( 2.3924+04) THEN c1 = 2.3924+04 
IF(QB.LT.CFZ)QB=CFZ 

C*--) - 1  ( =  KS = (3.1417-05)*(1.61-M)*(Q - 1034.21) ( =  1 
XKS=CF3*(1+CFl-XM)*(QB-CF4) 
IF(XKS CT.CFS)XKS=CFS 

c*--) -75 < =  DS = 735.-.333.33*~ + 0.0033267*~ ( =  300. 
DS=CF6-CF7*XM+CFE*QB 
IF(DS.CT.CF9)DS=CF9 
I F ( DS . L T  . CF 10 ) DS= CF 10 

c*--) ( K S /  (S+DS) 
SCHEDUL=CMPLX(XKS,O.)I(S+DS>*SCHEDUL 
RETURN 
END 
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OPTIONS FOR HANDT.TNC, DENOMINATOR DYKAMICS .W.ISI?!'G 
FROM ACTUATORS, FILTERS, AND SENSORS 

This appendix  describes o p t i o n s  c o n t a i n e d  i n  STABCAR which a l l o w  denomina to r  
dynamics a r i s i n g  from a c t u a t o r s ,  f i l t e r s ,  a n d  s e n s o r s  t o  be c l e a r e d  from t h e  denomi- 
n a t o r s  of t h e  e q u a t i o n s .  This o p t i o n  i s  employed when c o n t r o l  roo t s  a r e  t o  be found  
w i t h  q a i n s  n e a r  ze ro  t o  a v o i d  d i v i s i o n  by z e r o .  

Cons ider  t h e  f o l l o w i n q  t r a n s f e r  f u n c t i o n  between a c t u a t o r  i a n d  s e n s o r  j (see 
eqs. ( 9 )  a n d  (13) ) :  

L e t  

a n d  

Def ine  

d = d + d l s  + d2s2 + ... + d s "d 
"d 0 

a s  t h e  common denominator  of { i i j } ,  i = 1 ,  ..., "6, j = 1, ..., ns. Def ine  

An o p t i o n  i s  p r o v i d e d  t o  m u l t i p l y  t h e  c o n t r o l  r o w s  of  e i t h e r  e q u a t i o n  ( 1 )  o r  (2) 
t h rouqh  by d. The m u l t i p l i c a t i o n  i s  pe r fo rmed  i f  t h e  va r i ab le  IDMULT i s  i n p u t  a s  1. 
I f  IIIMULT i s  i n p u t  a s  0, t h e  m u l t i p l i c a t i o n  i s  n o t  performed.  I f  e q u a t i o n  ( 1 )  1s t o  
be employed, t h e  v a r i a b l e  ICSACT i s  i n p u t  a s  0. I f  e q u a t i o n  ( 2 )  i s  t o  be PmPloYed, 
ICSACT i s  i n p u t  a s  1. 

When c h a r a c t e r i s t i c  roots a re  d e t e r m i n e d  w i t h  t h e  d e t e r m i n a n t  i t e r a t i o n  
approach ,  t h e  m o d i f i c a t i o n s  t o  e q u a t i o n s  ( 1  a n d  ( 2 )  t h a t  o c c u r  for  IDMULT = 1 a r e  

2 8  
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e v i d e n t .  
below ( d r  i s  t h e  f i r s t  n o n z e r o  c o e f f i c i e n t  i n  t h e  po lynomia l  d ( s )  (see eq .  (C3) ) :  

?he m o d i f i c a t i o n s  employed f o r  t h e  m a t r i x  i t e r a t i o n  o p t i o n  a re  d e f i n e d  

1. L e t  ICSACT = 1. P a r t i t i o n  t h e  m a t r i x  (see eqs. ( 2 )  and  ( 1 8 ) )  

rag< 
A =  

I 
L 

Then A and  A have  the  f o l l o w i n g  d e f i n i t i o n s :  
6< 66 

( a )  For  IDMULT = 0, 

( b )  For  IDMULT = 1 ,  

2. L e t  ICSACT = 0 (see eqs. ( 1 )  a n d  (18)  ).  

( a )  For IDMULT = 0, 

, 

( b )  For IDMULT = 1 ,  

r 
( d ( s )  - drs  ) 

d s r  r 

- F T ( s )  H H E  d ( s )  - FDN(S)  
D HE ] 
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liLGORiTHM FOK MATRIX ITERATION FOR CHARACTERISTIC ROOTS 

The matr ix  i t e r a t i o n  a l g o r i t h m  f o r  c h a r a c t e r i s t i c  root d e t e r m i n a t i o n  employed i n  
STABCAR d u r i n g  convergence  d i f f i c u l t i e s  and  f o r  o b t a i n i n g  i n i t i a l  estimates f o r  t h e  
c h a r a c t e r i s t i c  roo ts  i s  p r e s e n t e d  i n  t h i s  appendix .  

L e t  

0 
P 

"h  

i 

i n 

si 

S i  
h 

1 
A 

o p t i o n  t y p e  f o r  which m a t r i x  i t e r a t i o n  r o u t i n e  i s  b e i n g  employed. 
= 1 d u r i n g  converqence  d i f f i c u l t i e s ;  0 = 2 i f  i n i t i a l  

e s t i m a t e s  a re  b e i n g  s o u q h t  and  a l l  g i 2  = 0: 0 = 3 i f  i n i t i a l  

e s t i m a t e s  are b e i n g  s o u g h t  and  some # 0. 

number o f  c h a r a c t e r i s t i c  roots  t o  b e  found by m a t r i x  i t e r a t i o n .  
i f  0 = 1 ;  

P 
i f  0 = 2 and  ICSACT = 1 ;  n h  = Number of  n o n z e r o  g i 2  i f  0 = 3 P P 

c o u n t e r  f o r  number of  roots  b e i n q  found. i = 1 ,  ..., 
root number i n  d e t e r m i n a n t  i t e r a t i o n  f o r  which conve rqence  d i f f i c u l t i e s  
w e r e  i n c u r r e d  

c o u n t e r  d e t e r m i n i n q  number o f  i t e r a t i o n s  f o r  a root 

e i q e n v a l u e  number (from s e t  of  e i q e n v a l u e s  of 

co r re sponds  t o  

de termined  (see s t e p  2 )  

b e s t  i n i t i a l  es t imate  f o r  i t h  c h a r a c t e r i s t i c  root  

second i n i t i a l  e s t i m a t e  f o r  i t h  r o o t  (see s t e p  6) 

e s t i m a t e  f rom d e t e r m i n a n t  i t e r a t i o n  r o u t i n e  f o r  root f o r  which conve rgence  
d i f f i c u l t i e s  w e r e  i n c u r r e d  

OP . 
P 

1 2  

nh = 1 
n h  = nE + n6 if 0 = 2 and  ICSACT = 0; 

= "5 P 

"h 

which 
\ 

* I  si,, t h e  i n i t i a l  estimate of  c u r r e n t  r o o t  b e i n g  

s ! 
1 

i t h  r o o t  b e i n g  d e t e r m i n e d  

A I  

s i .  
3 

j t h  estimate f o r  si 

s q u a r e  root of  e i q e n v a l u e  of  __ 
i . e . ,  s! = ( A b  

1. 
7 

f requency  used  i n  e s t i m a t i n q  

which c o r r e s p o n d s  t o  s'. 1' 

0 = 2  
P 

see s t e p  2 
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M-l 

JAR 
S t e p  1 :  I n i t i a l i z e :  

i n v e r s e  of g e n e r a l i z e d  mass m a t r i x  

s q u a r e  root w i t h  p o s i t i v e  imag ina ry  p a r t  

i = l  

" I  A 

s .  = s i f  0 = 1  
1 1  (in)2 P 

= ( - 0 . 5 ~  , w  ) i f  0 = 2 
r r  P 

C 

i f  3 = 3  - - 
'i P 

Determine M-l 

S t e p  2: S e t  j = 1: 

Determine e i g e n v a l u e s  {A' } of A("l) 

Determine i n d e x  R such  t h a t  s i l  = 

R = n A -  (i - 1 )  i f  o = 2  

(see eqs. ( 1 8 ) )  r 

I J h k  

P 
A I  

O r  R i s  d e f i n e d  s u c h  t h a t  s '  is closest  i n  magnitude t o  si l  i f  
i l  op # 2 

S t e p  3: Determine convergence: 

S t e p  4: S e t  s i j+l  " 1  

= t i j  + i f  j = 1 

S t e p  5: S e t  j = j + 1 

If j > 30, p r i n t  o u t  nonconvergence, and go t o  s t e p  7 

Determine e i g e n v a l u e s  { h k j }  of  (see eqs. ( 1  8 ) )  

Repeat s t e p  3 
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A - S t e p  6: S e t  s(i - si and r e t u r n  i f  0 = 1 

n 2  j P 
c 

S e t  si2 = s i j  and g i l  = 0.99Ei2 if Op # 2 

S t e p  7: Set i = i + 1 

If i > n h  r e t u r n  

Repeat  s t e p  2 

32 
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GRAPHICS ROUTINES NOT INCLUDED I N  STABCAR 

This  appendix i s  devoted  t o  t h e  d e s c r i p t i o n  of e lements  of  t h e  Langley Graphics  
package t h a t  have been employed by STABCAR but  a re  n o t  i n c l u d e d  as a p a r t  o f  STABCAR. 
The d e s c r i p t i o n  i s  i n c l u d e d  t o  f a c i l i t a t e  a s u b s t i t u t i o n  of e q u i v a l e n t  r o u t i n e s .  
A l t e r n a t i v e l y ,  t h e  Langley Graphics  package can be purchased s e p a r a t e l y  from Computer 
Sof tware  Management Informat ion  C e n t e r  (COSMIC), S u i t e  11 2, Barrow H a l l ,  U n i v e r s i t y  
of  Georgia ,  Athens, GA 30602, as LAR 12722 e n t i t l e d  LRCGOS (Langley Research Center  
Graphics  Output  System).  

SUBROUTINE PSEUDO 

PURPOSE: To create and  w r i t e  a n  a p p r o p r i a t e l y  named P l o t  Vector f i l e .  Through l i n k -  
a g e s  se t  up  by a n  i n i t i a l  c a l l  t o  PSEUDO, a l l  subsequent  g r a p h i c s  d a t a  g e n e r a t e d  by 
t h e  u s e r  w i l l  be r o u t e d  through one of t h e  PSEUDO e n t r y  p o i n t s  and w r i t t e n  on t h e  
P l o t  Vector  F i l e .  The PSEUDO p r o c e s s o r  i s  des igned  f o r  u s e  w i t h  t h e  frame depen- 
d e n t  p o s t p r o c e s s o r s  d e s c r i b e d  i n  S e c t i o n  1.3, Volume I V ,  of t h e  Computer Programing 
Manual. 

USE: CALL PSEUDO - 
This w i l l  e s t a b l i s h  a P l o t  Vector F i l e  named SAVPLT. 

CALL PSEUDO ( 6LMYFILE) 

This w i l l  e s t a b l i s h  a P l o t  Vector F i l e  named MYFILE. 

NOTE: The p l o t  Vector  File ( o r  Files) w i l l  u s u a l l y  be w r i t t e n  t o  d i s k  ( a s  
opposed t o  t a p e )  and may b e  p o s t p r o c e s s e d  f o l l o w i n g  u s e r  program t e r m i n a t i o n  
v 5 a  a p p r o p r i a t e  s p e c i f i c a t i o n  of one or  more PLOT c o n t r o l  c a r d s .  (See  
S e c t i o n  1.3,  Volume I V ,  Computer Programing Manual). 

RESTRICTIONS: An i n i t i a l i z i n g  c a l l  t o  PSEUDO (wi th  o r  w i t h o u t  a f i l e  name argument)  
must  be made p r i o r  t o  any ca l l s  t o  CALPLT or  any o t h e r  g r a p h i c s  o u t p u t  r o u t i n e .  

OTHER CODING INFORMATION: CALPLT and NFRAME are e n t r y  p o i n t s  i n  PSEUDO. PSEUDO 
c h e c k s  f o r  i n d e f i n i t e  and  i n f i n i t e  v a l u e  and  p r o v i d e s  a t r a c e b a c k .  

ENTRY NFRAME 

PURPOSE: To p r o v i d e  u s e r s  s p e c i f i c  means of e x e c u t i n g  frame advance movements on any 
p l o t t e r  device via a n  a p p r o p r i a t e  f rame-or ien ted  d e v i c e  p o s t p r o c e s s o r .  Frame 
advance d i s t a n c e s  are g e n e r a l l y  d e f i n e d  t o  be i n c r e m e n t a l  from c u r r e n t  frame o r i -  
g in .  A f rame i s  d e f i n e d  a s  a f i n i t e l y  bounded p l o t t i n g  area; i t  is a n  imaginary 
boundary a round t h e  u s a b l e  p l o t t i n g  a r e a .  
frame advance  mechanism, =as  a p lo t  o r i g i n  o f f s e t .  

CALL NFRAME i s  i n t e n d e d  t o  be used as a 

USE: CALL NFRAME - 
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ENTRY C A L P L T  

PURPOSE:  To move t h e  p l o t t e r  pen t o  a new l o c a t i o n  w i t h  pen  up  or down. This i s  t h e  
basic  p l o t t i n g  r o u t i n e  t h a t  i s  u s e d  by a l l  o t h e r  g r a p h i c s  r o u t i n e s ;  t h e r e f o r e ;  a 
check i s  made on the parameters f o r  i n d e f i n i t e  and  i n f i n i t e .  If any  of t h e  parame- 
ters are i n d e f i n i t e  o r  i n f i n i t e ,  t h e  program w i l l  a b o r t  and a t r a c e b a c k  t o  t h e  
r o u t i n e  i s  provided .  (See “OTHER CODING INFORMATION.  ‘I ) 

USE:  CALL C A L P L T ( X , Y , I P E N )  - 

where 

X I  Y a r e  t h e  f l o a t i n g - p o i n t  v a l u e s  €or pen movement. 

I P E N  = 2 pen down 

= 3 pen u p  

Nega t ive  I P E N  w i l l  a s s i g n  X = 0, Y = 0 as t h e  l o c a t i o n  of t h e  pen 
a f t e r  moving t h e  X , Y  (create a new r e f e r e n c e  p o i n t ) .  

R E S T R I C T I O N S :  A l l  X and  Y coordinates  must be e x p r e s s e d  as f l o a t i n g - p o i n t  i n c h e s  
( a c t u a l  page d imens ions  ) i n  d e f l e c t i o n  from t h e  o r i g i n .  

S U B R O U T I N E  LEROY/BALLPT 

PURPOSE:  To set  u p  t h e  parameters n e c e s s a r y  t o  accommodate p l o t t i n g  w i t h  t h e  l i q u i d  
i n k  pen. Once s e t ,  t h i s  mode w i l l  remain. 

USE: CALL LEROY - 

R E S T R I C T I O N S :  The CALL LEROY is o n l y  r e c o g n i z e d  by t h e  Ca lComp postprocessor; it i s  
i g n o r e d  by t h e  o t h e r  p o s t p r o c e s s o r s .  In a d d i t i o n  t o  r e d u c i n g  t h e  speed of  t h e  
p lo t t e r  f o r  a l l  p l o t t i n g  movements, t h e  number of p l o t  v e c t o r s  i n  any  a n n o t a t i o n  is 
c o n s i d e r a b l y  i n c r e a s e d .  

The CALL LEROY must be made p r i o r  t o  any p l o t t i n g  ca l l s ,  b u t  a f t e r  
t h e  CALL PSEUDO. 
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SUBROUTINE NUMBER 

PURPOSE: To c o n v e r t  a f l o a t i n g - p o i n t  number t o  BCD ( e x p r e s s e d  i n  F f o r m a t )  a n d  t o  
draw t h e  r e s u l t i n g  a lphanumer ic  c h a r a c t e r s .  

- USE: CAtL NUMBER(X,Y,HEIGHT, FPN,THETA,NODIGIT) 

where 

X , Y  are t h e  c o o r d i n a t e s  i n  f l o a t i n g - p o i n t  i n c h e s  of t h e  l e f t  lower c o r n e r  of t h e  
f i r s t  d i g i t  of o u t p u t .  

HEIGHT i s  t h e  h e i g h t  of t h e  p l o t t e d  number i n  f l o a t i n g - p o i n t  i n c h e s .  (See  NOTATE 
r o u t i n e .  1 

FPN i s  t h e  f l o a t i n g - p o i n t  number t o  be drawn. 

THETA i s  t h e  a n g l e  i n  f l o a t i n g - p o i n t  d e g r e e s  a t  which t h e  number i s  t o  be drawn. 
(See NOTATE r o u t i n e .  ) 

N O D I G I T  i s  t h e  number of dec ima l  d i g i t s  t o  t h e  r i g h t  of t h e  d e c i m a l  p o i n t  f o r  
o u t p u t  . 

N O D I G I T = - I  or  NODIGITzO b o t h  s p e c i f y  no  dec ima l  p l a c e s ;  however, -1 sup-  
p r e s s e s  t h e  d e c i m a l  p o i n t .  
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SUBROUTINE NOTATE 

PURPOSE: To draw a lphanumer ic  i n f o r m a t i o n  f o r  a n n o t a t i o n  and  l a b e l i n g  a n d  p r o v i d e  
s p e c i a l  c e n t e r e d  symbols f o r  a n n o t a t i o n  of d a t a  p o i n t s .  

USE: CALL NOTATE(X, Y, H E I G H T ,  BCD,THETA,NOCHAR) 

where 

X I  y 

HEIGHT 

BCD 

THETA 

NOCHAR 

3 6  

a r e  t h e  f l o a t i n g - p o i n t  c o o r d i n a t e s  of t h e  f i r s t  c h a r a c t e r .  

For a lphanumer ic  c h a r a c t e r s ,  t h e  c o o r d i n a t e s  of t h e  lower l e f t - h a n d  
c o r n e r  of t h e  c h a r a c t e r s  are s p e c i f i e d .  

s p e c i f i e s  c h a r a c t e r  s i z e  and  s p a c i n g  i n  f l o a t i n g - p o i n t  i n c h e s  f o r  a 
f u l l - s i z e  c h a r a c t e r .  

is  t h e  s t r i n g  of  c h a r a c t e r s  t o  be drawn and i s  u s u a l l y  w r i t t e n  i n  t h e  
form: nHXXXX--- ( t h e  same way a n  a l p h a  message i s  w r i t t e n  u s i n g  
FORTRAN f o r m a t  s t a t e m e n t s ) .  I n s t e a d  o f  s p e c i f y i n g  a l p h a  i n f o r m a t i o n  
as above,  t h e  b e g i n n i n g  s t o r a g e  l o c a t i o n  of  a n  a r r a y  c o n t a i n i n g  a l p h a -  
numeric  i n f o r m a t i o n  may be given.  

is  t h e  a n g l e  i n  f l o a t i n g - p o i n t  d e g r e e s  a t  which t h e  i n f o r m a t i o n  i s  t o  be 
drawn. Zero d e g r e e s  w i l l  p r i n t  h o r i z o n t a l l y  r e a d i n g  from l e f t  t o  
r i g h t ,  90° w i l l  p r i n t  t h e  l i n e  v e r t i c a l l y  r e a d i n g  from bo t tom t o  t o p ,  
180' w i l l  p r i n t  t h e  l i n e  h o r i z o n t a l l y  r e a d i n g  from r i g h t  t o  l e f t  
( i . e . ,  u p s i d e  down),  and 270° w i l l  p r i n t  v e r t i c a l l y  r e a d i n g  from t o p  
t o  bottom. 

is  t h e  number of  c h a r a c t e r s ,  i n c l u d i n g  b l a n k s ,  i n  t h e  label.  NOCHAR 
i s  l i m i t e d  t o  400 c h a r a c t e r s  i n  one  c a l l .  
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SUBROUTINE AXES 

PURPOSE: To draw a l i n e ,  t o  a n n o t a t e  t h e  v a l u e  of t h e  variable a t  s p e c i f i e d  i n t e r -  
vals w i t h  or w i t h o u t  t i c  marks, and t o  p r o v i d e  a n  a x i s  i d e n t i f i c a t i o n  label. 

- USE: CALL AXES(X, Y,THETA,S,ORG,SPX,TMAJ,TMIN,BCD,HEIGHT,NOCHAR,NDEC) 

where 

x, y a r e  t h e  c o o r d i n a t e s  i n  f l o a t i n g - p o i n t  i n c h e s  of t h e  s t a r t i n g  p o i n t  of 
t h e  ax is  w i t h  r e f e r e n c e  t o  t h e  p l o t t i n g  a r e a  o r i g i n  as e s t a b l i s h e d  by 
CALPLT. 

THETA is  t h e  a n g l e  of r o t a t i o n  measured c o u n t e r c l o c k w i s e  from t h e  X-axis i n  
f l o a t i n g - p o i n t  d e g r e e s .  Normally, THETA i s  Oo f o r  a n  X-axis and 90° 
f o r  a Y-axis. 

S 

ORG 

SEX 

TMAJ 

TMI N 

i s  t h e  l e n g t h  of t h e  a x i s  i n  f l o a t i n g - p o i n t  i n c h e s .  Should be  a m u l t i -  
ple o f  TMAJ. 

+S w i l l  g e n e r a t e  t i c  marks. 
-S w i l l  e l i m i n a t e  t i c  marks. 

is t h e  f u n c t i o n a l  v a l u e  t o  be  a s s i g n e d  t o  t h e  o r i g i n  ( i . e . ,  t h e  v a l u e  of 
t h e  f i r s t  sca le )  i n  f l o a t i n g  p o i n t .  

i s  t h e  a d j u s t e d  scale f a c t o r  f o r  t h e  a r r a y  t o  be p l o t t e d  (change i n  
v a l u e  p e r  i n c h ) .  
NOTE: Values of ORG and SEX which w i l l  produce a r e a s o n a b l e  scale may 
be c a l c u l a t e d  u s i n g  s u b r o u t i n e  ASCALE o r  BSCALE. 

is t h e  d i s t a n c e  i n  f l o a t i n q - p o i n t  i n c h e s  f o r  major  t i c  marks (0 .25  i n c h  
h i g h ) .  If t h e  v a l u e s  a r e  i n t e g e r  m u l t i p l e s ,  t h e  d e c i m a l  p o i n t  a n d  
d e c i m a l  places are e l i m i n a t e d .  A r iega t ive  TI.tnYJ w i l l  cause t h e  a c t u a l  
v a l u e  t o  be w r i t t e n  i n s t e a d  of t h e  a d j u s t e d  v a l u e .  

i s  t h e  number of d i v i s i o n s  per i n c h  i n  f l o a t i n g  p o i n t  f o r  minor t i c  
marks (0.125 i n c h  h i g h ) .  To e l i m i n a t e  minor t i c  marks t h e  f o l l o w i n g  
may be used:  

TMIN = 0. 

BCD i s  t h e  c h a r a c t e r  l a b e l  f o r  t h e  a x i s  (see NOTATE r o u t i n e ) .  

HEIGHT i s  t h e  h e i g h t  of t h e  f u l l - s i z e  c h a r a c t e r s  i n  t h e  BCD t i t l e .  Numbers a t  
t h e  t i c  marks w i l l  b e  ( 0 . 7 5  *HEIGHT) h igh .  HEIGHT i s  i n  f l o a t i n g -  
p o i n t  i n c h e s .  

I f  HEIGHT = O . ,  all a n n o t a t i o n  w i l l  be e l i m i n a t e d .  
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NOCHAR i s  a n  i n t e g e r  s p e c i f y i n g  t h e  number of c h a r a c t e r s  i n  BCD t i t l e .  A nega- 
t i v e  NOCHAR places t h e  a n n o t a t i o n  on t h e  c l o c k w i s e  s ide  o f  t h e  a x i s  
a n d  a pos i t i ve  NOCHAR places t h e  a n n o t a t i o n  on t h e  c o u n t e r c l o c k w i s e  
s ide o f  t h e  a x i q .  N0CFTA-P. = c! Is n o t  diiowed. ~t it  i s  d e s i r e d  t o  
have n o  label,  t h e n  t h e  RCD parameter s h o u l d  be lH, and  NOCHAR e i t h e r  
+1 o r  -1. Normally NOCHAR = + f o r  Y-axis and  NOCHAR = - f o r  X-axis. 

NDEC i s  t h e  number of d e c i m a l  places a f t e r  t h e  d e c i m a l  p o i n t  f o r  t h e  numbers 
p l a c e d  o n  t h e  a x i s  a t  t h e  major t i c  marks. NDEC may be o m i t t e d .  I f  
NDEC i s  o m i t t e d ,  t h e  d e f a u l t  v a l u e  of 2 i s  se t .  

ENTRY ASCALT? 

PURPOSE: To compute a s c a l i n g  f a c t o r  f o r  a n  a r r a y  of numbers t o  be p l o t t e d  o v e r  a 
c e r t a i n  area and  f i n d  t h e  minimum d a t a  v a l u e  w i t h  t h e  a r r a y .  

USE: CALL ASCALE(ARRAY,S,N,K,DV) - 

where 

ARRAY is t h e  name of t h e  a r r a y  c o n t a i n i n g  t h e  f l o a t i n g - p o i n t  v a l u e s  t o  be 
s c a l e d .  (See  RESTRICTIONS. ) 

S is  t h e  l e n q t h  ( f l o a t i n g - p o i n t  i n c h e s )  over which t h e  d a t a  are t o  h e  
p l o t t e d  ( u s u a l l y  t h e  l e n g t h  o f  one  o f  t h e  axes ) .  

N is t h e  number of d a t a  v a l u e s  i n  ARRAY from which p o i n t s  are t o  be p l o t -  
t e d  i n  acco rdance  w i t h  K. 

K is t h e  i n t e r l e a v e  f a c t o r  which s p e c i f i e s  t h e  s e q u e n c e  i n  which d a t a  are  
s t o r e d .  

= 1 i n d i c a t e s  t h e  v a l u e s  a r e  s t o r e d  s e q u e n t i a l l y .  

= 2 i n d i c a t e s  t h a t  v a l u e s  a r e  s t o r e d  i n  e v e r y  o t h e r  l o c a t i o n  i n  t h e  
a r r a y ,  etc. 

D V  is t h e  number of d i v i s i o n s  per i n c h  o f  t h e  p l o t t i n g  paper t o  be used  
( s h o u l d  be: 10 .0  o r  2 0 . 0 ) .  

RESTRICTIONS: The a r r a y  must  be d imens ioned  t o  i n c l u d e  s t o r a g e  space f o r  t w o  e x t r a  
e l e m e n t s  per i n t e r l e a v e  f a c t o r .  For example: N = 100, K = 1 ,  DIMENSION 
ARRAY ( 1  0 2 )  ; N = 75, K = 3, DIMENSION ARRAY ( 2 3 1 ) .  

METHOD: Th i s  r o u t i n e  s c a n s  t h e  e l e m e n t s  s t a r t i n g  a t  l o c a t i o n  L o f  t h e  a r r a y  t o  f i n d  
t h e  minimum and maximum. ( I f  t h e  s c a l i n g  h e q i n s  w i t h  f i r s t  l o c a t i o n  of a r r a y ,  
L = 1 ;  i f  s c a l i n g  b e g i n s  w i t h  t h i r d  l o c a t i o n  of a r r a y ,  L = 3.) ASCALE computes a n  
a d j u s t e d  minimum ( o r i g i n )  and s tores  i t  i n  ARRAY(L+(N*K)) and  computes  a sca le  
f a c t o r  and  s t o r e s  i t  i n  ARRAY(L+(N*K)+K). The scale  f a c t o r  w i l l  be ( A * l O * * J )  
where A i s  1 ,  2, 4, o r  5 and J i s  i n t e g e r  power. The d a t a  i n  t h e  a r r a y  may be 
s c a l e d  t o  f l o a t i n g - p o i n t  i n c h e s  by: 

S V  = ( A E  - AMV)/SF 
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where 

S V  = s c a l e d  va lue  
A E  = p r e s e n t  va lue  of a r r a y  e lement  

SF = scale f a c t o r  computed by ASCALE 
AMV = a d j u s t e d  minimum va lue  computed by ASCALE 
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SUBROUTINE BSCALE 

PURPOSE: To compute a s c a l i n g  f a c t o r  f o r  a n  a r r a y  of  numbers t o  be  p l o t t e d  o v e r  a 
c e r t a i n  a r e a  and t o  f ind .  sfi ~cceptc .ble  ii.Liilmum d a t a  v a l u e  f o r  t h e  a r r a y .  

USE: 1. S t o r e s  t h e  a d j u s t e d  minimum v a l u e  ( o r i g i n )  i n  ARRAY(L+(N*K)) and scale f a c -  - 
t o r  i n  ARRAY(L+(N*K)+K). If t h e  s c a l i n g  b e g i n s  w i t h  f i r s t  l o c a t i o n  of a r r a y ,  
L = 1 ;  i f  s c a l i n g  b e g i n s  w i t h  second  l o c a t i o n  of  a r r a y ,  L = 2,  etc.  

CALL BSCALE( ARRAY, S , N  , K, TMAJ, M,  ORG) 

where 

ARRAY i s  t h e  name of t h e  a r r a y  c o n t a i n i n g  t h e  f l o a t i n g - p o i n t  v a l u e s  t o  be 
s c a l e d .  (See  RESTRICTIONS. ) 

S i s  t h e  l e n g t h  ( f l o a t i n g - p o i n t  i n c h e s )  o v e r  which t h e  d a t a  a r e  t o  be 
p l o t t e d  ( u s u a l l y  t h e  l e n g t h  of  one of t h e  axes ) .  

N i s  t h e  number of d a t a  v a l u e s  i n  ARRAY from which p o i n t s  are t o  be p l o t -  
t e d  i n  acco rdance  w i t h  K. 

K i s  t h e  i n t e r l e a v e  f a c t o r  which s p e c i f i e s  t h e  sequence  i n  which d a t a  a r e  
s t o r e d .  

= 1 i n d i c a t e s  t h a t  v a l u e s  a r e  s t o r e d  s e q u e n t i a l l y .  

= 2 i n d i c a t e s  t h a t  v a l u e s  a r e  s t o r e d  i n  e v e r y  o t h e r  l o c a i i o n  i n  t h e  
a r r a y ,  e tc. 

TMAJ i s  t h e  d i s t a n c e  i n  f l o a t i n g - p o i n t  i n c h e s  f o r  major t i c  marks a l o n g  t h e  
a x i s  ( l e n g t h  o f  S ) .  

= 0. t h e  r o u t i n e  scales i n  a manner s imi la r  t o  r o u t i n e  ASCALE. 

M 

> 0. t h e  r o u t i n e  w i l l  a d j u s t  t h e  o r i g i n  a n d  s c a l e  f a c t o r  i n  o r d e r  t o  
g i v e  r e g u l a r  m u l t i p l e s  of  t h e  d e l t a  number t h a t  w i l l  be  w r i t t e n  a t  t h e  
t i c  marks by t h e  AXES r o u t i n e .  

i s  a n  i n t e g e r  t h a t  h a s  m u l t i p l e  u s e s .  

= 0 i f  M i s  z e r o  and TMAJ i s  z e r o ,  t h e  r o u t i n e  scales i n  a manner s i m i -  
l a r  t o  r o u t i n e  ASCALE. 

> 0 i f  M i s  p o s i t i v e  and  TMAJ i s  z e r o ,  t h e  d a t a  w i l l  be s c a l e d  o v e r  t h e  
f u l l  r a n g e  of  S ,  w i t h  no  a t t e m p t  t o  a d j u s t  t h e  s c a l e  f a c t o r  f o r  
appearance.  

< 0 i f  M i s  n e g a t i v e ,  t h e  v a l i d  v a l u e  c o n t a i n e d  i n  p a r a m e t e r  ORG w i l l  be  
used f o r  a f o r c e d  o r i g i n .  

40 



APPENDIX E 

0 RG i s  a f l o a t i n g - p o i n t  va lue  which w i l l  be used f o r  a f o r c e d  o r i g i n  i f  
parameter M is n e g a t i v e .  The v a l u e  i n  ORG may n o t  be e x a c t l y  the same 
on r e t u r n  from s u b r o u t i n e .  

- 

ORG may be o m i t t e d  i f  M i s  p o s i t i v e  or z e r o .  

RESTRICTIONS: The a r r a y  must be dimensioned t o  i n c l u d e  storage space f o r  two e x t r a  
e l emen t s  per i n t e r l e a v e  factor .  For example: N = 100, K = 1 ,  DIMENSION 
ARRAY (102); N = 7 5 ,  K = 3 ,  DIMENSION ARRAY (231). 
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A P P E N D I X  E 

S U B R O U T I N E  P N T P L T  

PURPOSE:  To draw NASA S tanda rd  Plot symbols c e n t e r e d  on  a g i v e n  c o o r d i n a t e  v a l u e .  

USE: CALT, PNTPLT(X,Y, XSYFi,iSj - 
where 

X i s  t h e  X c o o r d i n a t e  € o r  t h e  c e n t e r e d  symbol i n  f l o a t i n g - p o i n t  i n c h e s .  

Y i s  t h e  Y c o o r d i n a t e  f o r  t h e  c e n t e r e d  symbol i n  f l o a t i n q - p o i n t  i n c h e s .  

ISYM i s  a n  i n t e g e r  s p e c i f y i n g  t h e  symbol t o  be used.  (See  f i g s .  El  and  E2.1 

= 21 f o r  a p o i n t .  

= 2 2  f o r  a p l u s  s i g n  +. 

I S  i s  a n  i n t e g e r  v a l u e  s p e c i f y i n g  t h e  s i z e  symbol t o  be used. 

= 1 small 

= 2 medium 

= 3 l a r g e  

NASA STANDARD P L O T  SYMBOLS 

INTEGER S I Z E  INTEGER S I Z E  
REFERENCE SMALL MEDIUM LRRGE REFERENCE SiiRLL nEDIUfl LARGE 

1 

2 

3 

L i  

5 

6 

7 

8 

9 

10 

11 

12 

13 

111 

15 

16 

17 

18 

19 

20 

F i g u r e  E l  .- P l o t  symbols. 
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SUBROUTINE LINPLT 

PURPOSE: To draw a l i n e  between a n d / o r  draw a NASA s t a n d a r d  symbol a t  e a c h  succes- 
s i v e  d a t a  p o i n t  (stored i n  a n  a r r a y ) ,  or t o  draw a c o n t i n u o u s  l i n e  th rough  t h e  d a t a  
p o i n t s  and draw a s p e c i f i e d  symbol a t  t h e  end o f  t h e  l i n e .  

USE: CALL LINPLT( XARRAY, YARRAY, N, K ,  J, ISYM, I S ,  N G )  - 
where 

XARRAY, are t h e  names of a r r a y s  c o n t a i n i n g  t h e  X v a l u e s  and Y v a l u e s ,  respec- 
YARRAY t i v e l y ,  t o  be p l o t t e d .  Values must be  i n  f l o a t i n g  p o i n t .  ( S e e  

RESTRICTIONS.) 

N i s  t h e  number o f  p o i n t s  t o  be  p l o t t e d .  

K is t h e  i n t e r l e a v e  f a c t o r  which s p e c i f i e s  t h e  sequence  i n  which d a t a  are  
s t o r e d .  

= 1 i n d i c a t e s  t h a t  v a l u e s  are s t o r e d  s e q u e n t i a l l y .  

= 2 i n d i c a t e s  t h a t  v a l u e s  are s t o r e d  i n  e v e r y  o t h e r  l o c a t i o n  i n  t h e  
a r r a y ,  etc. 

J is  p o s i t i v e  f o r  l i n e  a n d  symbol p l o t ,  n e g a t i v e  f o r  symbol-only p l o t .  
The magnitude s p e c i f i e s  t h e  a l t e r n a t e  number of  d a t a  p o i n t s  a t  which 
t o  p lo t  a symbol. 

= 0 f o r  l i n e  p l o t  w i t h  a s p e c i f i e d  symbol a t  t h e  end of  t h e  l i n e .  

= 1 f o r  symbol f o r  e v e r y  d a t a  p o i n t .  

= 2 f o r  symbol f o r  e v e r y  o t h e r  d a t a  p o i n t ,  etc.  

ISYM i s  a n  i n t e g e r  d e s c r i b i n g  symbol t o  b e  u s e d ,  see PNTPLT r o u t i n e  f o r  list 
( f i g .  E l ) .  

= 0 n o  symbol w i l l  b e  drawn. 

I S  

NG 

1s a n  i n t e g e r  s p e c i f y i n g  t h e  s i z e  of t h e  symbol (see PNTPLT r o u t i n e ) .  

i s  a n  i n t e g e r  u sed  t o  s p e c i f y  d a t a  p o i n t s  which w i l l  be e n c l o s e d  by a 
I - i n c h  s q u a r e  g r i d ,  20 x 2 0  l i n e s  t o  t h e  inch .  NG may be o m i t t e d .  If 
NG i s  o m i t t e d ,  t h e  d e f a u l t  va lue  of 0 i s  set .  

= 0 no  g r i d s .  

= 1 f o r  e v e r y  d a t a  p o i n t .  

= 2 f o r  e v e r y  o t h e r  d a t a  p o i n t ,  e tc .  

RESTRICTIONS: LINPLT e x p e c t s  t h e  a d j u s t e d  minimums and scale f a c t o r s  as d e s c r i b e d  i n  
ASCALE. 
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SUBROUTINE DLINPLT 

PURPOSE: To draw a dashed  l i n e  between a n d / o r  draw a NASA s t a n d a r d  symbol a t  e a c h  
s u c c e s s i v e  data p o i n t  ( s tored  i n  a n  a r r a y )  , o r  t o  draw a c o n t i n u o u s  c?ashed l ine  
th rough  t h e  d a t a  pnl.n.ts m i :  d r a w  a s p e c i f i e d  symbol a t  t h e  e n d  o f  t h e  l i n e .  

USE: CALL DLINPLT(XARRAY,YARRAY, N,K, J, ISYM,IS,LP) - 

where 

XARRAY, a r e  t h e  names of a r r a y s  c o n t a i n i n g  t h e  X v a l u e s  a n d  Y v a l u e s ,  r e s p e c -  
YARRAY t i v e l y ,  t o  be p l o t t e d .  Values  must b e  i n  f l o a t i n g  p o i n t .  (See  

N 

K 

J 

I s m  

IS 

LP 

44 

RESTRICTIONS.) 

i s  t h e  number of  p o i n t s  t o  be p l o t t e d .  

i s  t h e  i n t e r l e a v e  f a c t o r  which s p e c i f i e s  t h e  s e q u e n c e  i n  which d a t a  a r e  
s t o r e d .  

= 1 i n d i c a t e s  t h a t  v a l u e s  are s t o r e d  s e q u e n t i a l l y .  

= 2 i n d i c a t e s  t h a t  v a l u e s  a r e  s t o r e d  i n  e v e r y  o t h e r  l o c a t i o n  i n  t h e  a r r a y ,  
e tc. 

i s  p o s i t i v e  f o r  l i n e  and  symbol p l o t ,  n e g a t i v e  f o r  symbol o n l y  p lo t .  The 
magnitude s p e c i f i e s  t h e  a l t e r n a t e  number o f  d a t a  p o i n t s  a t  which t o  p l o t  a 
symbol. 

= 0 f o r  l i n e  p l o t  w i t h  a s p e c i f i e d  symbol a t  t h e  end  o f  t h e  l i n e .  

= 1 f o r  symbol f o r  e v e r y  d a t a  p o i n t .  

= 2 f o r  symbol fo r  e v e r y  o t h e r  d a t a  p o i n t ,  etc. 

i s  a n  i n t e g e r  d e s c r i b i n g  symbol t o  be u s e d ,  see PNTPLT r o u t i n e  f o r  l i s t  
( f i g .  El). 

= 0 no symbol  w i l l  b e  drawn. 

i s  a n  i n t e g e r  s p e c i f y i n g  t h e  s i z e  of t h e  symbol (see PNTPLT r o u t i n e ) .  

is  an i n t e g e r  u s e d  t o  s p e c i f y  t h e  l i n e  p a t t e r n .  

= 1  

= 2  - - _ - - - - - - _ - - -  

= 3  - 

= 4  - _ - _ _ _ _ _ _ _ _ _ _  

= 5  

= 6  ~ _ _ _ _ ~ ~  
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RESTRICTIONS: DLINPLT expects t h e  a d j u s t e d  minimums and  scale f a c t o r s  as d e s c r i b e d  
i n  ASCALE. 
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DETAILED FUNCTIONAL DESCRIPTION OF OVERLAYS , MAJOR SURROrJTINES , 
AND TDEN'I'IFICATION O F  KEY PARAMETERS 

I n  t h i s  appendix ,  a d e s c r i p t i o n  o f  t h e  f u n c t i o n s  o f  e a c h  o v e r l a y  a n d  i t s  major 
s u b r o u t i n e s  i s  g i v e n  i n c l u d i n g  d e f i n i t i o n s  of  k e y  i n p u t  and  i n t e r n a l l y  g e n e r a t e d  
parameters t h a t  c o n t r o l  program f low.  

Over l ay  M A I N  

Over l ay  M A I N  i s  t h e  STABCAR e x e c u t i v e .  Data a r e  i n p u t  h e r e  which d e t e r m i n e  t h e  
t y p e  o f  case t o  run ,  where t o  f i n d  a r r a y  d a t a ,  and  which o v e r l a y s  are  r e q u i r e d .  Key 
parameters a re  d e f i n e d  as  f o l l o w s  b u t  a re  d e f i n e d  more c o m p l e t e l y  i n  t a b l e  11: 

I CAS E I n t e g e r  i n d i c a t i n q  t y p e  o f  case ( i n t e r a c t i v e  or b a t c h )  t o  r u n  a n d  where 
t o  ge t  data.  

I SPLANE I n t e g e r  i n d i c a t i n g  whe the r  t o  make p-p lane  a p p r o x i m a t i o n  t o  aerodynamic  
forces . 

ISENSE I n t e g e r  i n d i c a t i n g  whe the r  t o  pe r fo rm i n t e r p o l a t i o n  f o r  modal 
d e f l e c t i o n  or  s l o p e s  a t  s p e c i f i e d  s e n s o r  l o c a t i o n s .  

I NTERP I n t e g e r  i n d i c a t i n g  whe the r  t o  compute g e o m e t r i c  c o e f f i c i e n t s  r e q u i r e d  
f o r  s u r f a c e  s p l i n e  i n t e r p o l a t i o n .  

IPLATE( I )  I n t e g e r  d e f i n i n q  whe the r  I t h  s t r u c t u r a l  s e c t i o n  i s  modeled a s  beam o r  
a s  p la te .  

ICSREAD I n t e g e r  d e f i n i n g  whe the r  s e n s o r  d a t a  a re  t o  be read f rom TAPES. 

ICONSYS I n t e g e r  d e f i n i n g  whe the r  c o n t r o l  s y s t e m  i s  t o  be i n c l u d e d .  

ICHSEN, ICHFI L, I n t e q e r s  d e f i n i n g  whe the r  changes  t o  p r e v i o u s l y  d e f i n e d  c o n t r o l  
and  ICHACT s y s t e m  a re  t o  be made i n  c u r r e n t  case; i f  n o t ,  o v e r l a y  CONTROL 

i s  n o t  needed. 

I SELECT I n t e g e r  d e f i n i n q  whe the r  s u b s e t  of  c u r r e n t  model i s  t o  be s e l e c t e d  a n d  
where d a t a  f o r  c u r r e n t  model c a n  be found.  

IFLUT I n t e g e r  d e f i n i n q  w h e t h e r  t o  p e r f o r m  s t a b i l i t y  a n a l y s i s  i n  c u r r e n t  case. 

IAPLT Integer  d e f i n i n g  whe the r  t o  make p lo t s  o f  ae rodynamic  f o r c e s .  

I PKPLT Integer d e f i n i n q  whe the r  t o  s a v e  da ta  f o r  makinq p l o t s  of  s t a b i l i t y  
c h a r a c t e r i s t i c s .  

IDELPLT I n t e q e r  d e f i n i n g  w h e t h e r  t o  d e l e t e  unwanted c h a r a c t e r i s t i c  roo t  d a t a  
from d a t a  s t o r a q e  f i l e  TAPE1. 

4 6  



APPENDIX F 

Over l ay  INTERP 

Geometry-related,  mode-independent c o e f f i c i e n t s  which a re  needed f o r  a s u r f a c e  
s p l i n e  f i t  f o r  l a te r  i n t e r p o l a t i o n  p u r p o s e s  i n  o v e r l a y  SENSOR f o r  p l a t e - t y p e  s e c t i o n s  
are computed by o v e r l a y  INTERP. Primary s u b r o u t i n e s  c a l l e d  are  INTEXT, SYMSURF, 
NONSURF, a n d  MATINV. Key p a r a m e t e r s  a r e  d e f i n e d  as f o l l o w s :  

NNODES ( o r  NNODS) T o t a l  number of  nodes a t  which modal d a t a  a r e  a v a i l a b l e .  

NPMX Maximum number of nodes i n  one s t r u c t u r a l  s e c t i o n .  

NSECTNS Number of s t r u c t u r a l  s e c t i o n s  v e h i c l e  i s  d i v i d e d  i n t o .  

I PLATE NSECTNS X 1 a r r a y .  

= 1 I t h  s e c t i o n  i s  modeled as a p l a t e .  

= 0 I t h  s e c t i o n  i s  modeled as a beam. 
IPLATE ( I )  

TAB 

ISS 

NNODS X 4 a r r a y  which, f o r  p l a t e - t y p e  s e c t i o n s ,  d e f i n e s  x ,y  c o o r d i n a t e s  
( g l o b a l )  a n d  z - d e f l e c t i o n ;  f o u r t h  column i s  n o t  employed f o r  p l a t e  
s e c t i o n s .  For beam s e c t i o n s ,  a r r a y  e l e m e n t s  a re  d i s t a n c e s  a l o n g  a x i s  
of r o t a t i o n  a t  which d a t a  a r e  a v a i l a b l e ,  z - d e f l e c t i o n ,  r o t a t i o n  a b o u t  
swep t  Y-axis ( y '  ) and  r o t a t i o n  a b o u t  s w e p t  X-axis ( X I  ). (See 
f i g .  3. ) There is a TAB a r r a y  f o r  e a c h  e l a s t i c  mode shape.  

2 x NSECTNS a r r a y .  I S S ( 1 , I )  i s  node number of f i r s t  node of  I t h  
s t r u c t u r a l  s e c t i o n ;  I S S ( 2 , I )  i s  node number of  l a s t  node of I t h  
s t r u c t u r a l  s e c t i o n .  

R O , X O ,  a n d  YO NSECTN X 1 a r r a y s .  For  p l a t e - t y p e  modes, RO = 1 / B ,  where B i s  
one-half  r o o t  c h o r d  of I t h  s t r u c t u r a l  s e c t i o n ;  X O ( 1 )  i s  
x - c o o r d i n a t e  of I t h  s e c t i o n  r o o t  s emichord ;  and Y O ( 1 )  i s  
y - c ~ c r d i n a t e  a t  r o o t  semichord. For Seam-type s e c t i o n s ,  
IPLATE = 0, ( X O ( I ) , Y O ( I ) )  i s  e l a s t i c  a x i s  i n t e r c e p t  w i t h  I t h  
s t r u c t u r a l  s e c t i o n  r o o t  chord ;  RO i s  sweep a n q l e  of e l a s t i c  
a x i s  of I t h  s t r u c t u r a l  s e c t i o n  i n  r a d i a n s .  

H+ Array of geometry c o e f f i c i e n t s .  

S u b r o u t i n e  INTEXT.- S u b r o u t i n e  INTMT i s  a n  e x t e n s i o n  of  INTERP and it is h e r e  
Sub- t h a t  t h e  TAB a r r a y s  are a c t u a l l y  r e a d  a n d  geometry c o e f f i c i e n t s  a re  o b t a i n e d .  

r o u t i n e s  c a l l e d  are SYMSURF a n d  NONSURF. Key parameters u s e d  are a l l  t h o s e  p r e -  
v i o u s l y  d e f i n e d  f o r  o v e r l a y  INTERP. 

S u b r o u t i n e s  SYMSURF and  N0NSURF.- S u b r o u t i n e s  SYMSURF and NONSURF compute t h e  
mode-independent geometry c o e f f i c i e n t s  f o r  symmetric a n d  a n t i s y m m e t r i c  o r  nonsym- 
metric p l a t e  s e c t i o n s ,  r e s p e c t i v e l y .  S u b r o u t i n e  c a l l e d  i s  MATINV. Key p a r a m e t e r s  
u s e d  are  TAB and  H. 

___ ~~~ 

' I n t e r n a l l y  g e n e r a t e d  pa rame te r s .  
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S u b r o u t i n e  MAT1NV.- S u b r o u t i n e  MATINV per forms t h e  m a t r i x  i n v e r s i o n  needed  i n  
computing H ,  t h e  geometry c o e f f i c i e n t s .  

Over l ay  SENSOR 

Over l ay  SENSOR d e t e r m i n e s  s u r f a c e  s p l i n e  c o e f f i c i e n t s  fo r  f i t t i n g  mode s h a p e s  
over p l a t e - t y p e  s e c t i o n s .  
o f  beam and  p l a t e  modal da ta  i s  pe r fo rmed  t o  o b t a i n  modal c o e f f i c i e n t s  d e f i n i n g  
e i t h e r  l i n e a r  o r  a n g u l a r  d i s p l a c e m e n t s  t h a t  would be measured by s e n s o r s  a t  s p e c i f i e d  
l o c a t i o n s .  These modal c o e f f i c i e n t s  a r e  s tored  f o r  s u b s e q u e n t  u s e  a n d  d e f i n e  t h e  
H m a t r i x  i n  e q u a t i o n  ( 1 )  o r  ( 2 ) .  Pr imary  s u b r o u t i n e s  are SENCTL, DEFLECT, CSIUNI, 
I U N I ,  SPLDER, Z F U N 2 ,  AFUN2, ZFUN, AFUN, ZDER, a n d  ADER. Key p a r a m e t e r s  are  d e f i n e d  
as  f o l l o w s :  

Beam-type modal d a t a  a re  a l so  i n p u t  h e r e .  I n t e r p o l a t i o n  

NS Number of s e n s o r s .  

XS and  YS N S  X 1 a r r a y  o f  s e n s o r  l o c a t i o n s .  

= 1 L i n e a r  measurement. 

= 2 Angular  measurement. 
ITYPE 

NSS 

ISS 

NS X 1 a r r a y  i d e n t i f y i n g  s t r u c t u r a l  s e c t i o n  where e a c h  s e n s o r  i s  
l o c a t e d .  

2 X NSECTNS a r r a y  d e f i n i n g  b e g i n n i n g  a n d  e n d i n g  node numbers f o r  e a c h  
s t r u c t u r a l  s e c t i o n ;  see s e c t i o n  "Over lay  INTERP" f o r  a d d i t i o n a l  
i n f or m a  t i on. 

= 1 Ith s t r u c t u r a l  s e c t i o n  i s  modeled as  plate .  

= 0 I t h  s t r u c t u r a l  s e c t i o n  i s  modeled as  beam. 
IPLATE(1) 

TAB,RO,XO, and  YO Defined i n  s e c t i o n  "Over lay  INTERP." 

NR 

XCG 

Number o f  r ig id-body modes. In t h i s  o v e r l a y  NR must  be e i t h e r  0, 1, 
o r  2. If NR = 1, t h e  r ig id -body  mode ms t  be t h e  n e g a t i v e  of 
p lunge ;  the u s e r  may i n p u t  h i s  own r ig id -body  modes by s e t t i n g  
NR = 0 and  t r e a t i n g  h i s  r i q i d  modes as i f  t h e y  w e r e  e l a s t i c .  

x -coord ina te  of  a i r p l a n e  c e n t e r  of mass. S i n c e  f i r s t  r i g id -body  mode 
is assumed t o  be t h e  n e g a t i v e  of p l u n g e ,  a n d  s e c o n d ,  p i t c h  a b o u t  
c e n t e r  of mass, t h i s  i s  o n l y  r e q u i r e d  i f  NR = 2. 

U and  V Sensor  l o c a t i o n  w i t h  respect t o  s w e p t  a x i s .  

cs 

I W 
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S u b r o u t i n e  SENCTL.- In  s u b r o u t i n e  SENCTL, t h e  d a t a  r e q u i r e d  f o r  modal i n t e r p o -  
l a t i o n  are r e a d  i n  f rom f i l e  TAPEl0, a n d  a f t e r  l i n e a r  o r  a n g u l a r  d i s p l a c e m e n t s  are  
c a l c u l a t e d ,  r e s u l t i n g  modal c o e f f i c i e n t s  a r e  w r i t t e n  t o  d a t a  s t o r a g e  f i l e  TAPE1 . 
Primary s u b r o u t i n e  c a l l e d  i s  DEFLECT. Key p a r a m e t e r s  u s e d  a r e  a l l  t h o s e  d e f i n e d  f o r  
o v e r l a y  SENSOR. 

S u b r o u t i n e  DEFLECT.- In  s u b r o u t i n e  DEFLECT, t h e  a c t u a l  modal c o e f f i c i e n t s  d e f i n -  
i n g  l i n e a r  or a n g u l a r  d i s p l a c e m e n t  i n p u t s  t o  s e n s o r  a re  o b t a i n e d .  Pr imary subrou-  
t i n e s  c a l l e d  are CSIUNI, I U N I ,  SPLDER, ZFUN2, AFUN2, ZFUN, AFUN, ZDER, a n d  ADER. Key 
p a r a m e t e r s  u sed  are a l l  t h o s e  d e f i n e d  f o r  SENSOR e x c e p t  NS a n d  NSS. 

S u b r o u t i n e s  I U N I  and  CSIUN1.- S u b r o u t i n e s  I U N I  and  CSIUNI are u s e d  t o  p e r f o r m  
i n t e r p o l a t i o n  o f  modal d a t a  used  i n  c a l c u l a t i n g  b o t h  l i n e a r  a n d  a n g u l a r  d i s p l a c e m e n t s  
f o r  beam-type s e c t i o n s  (IPLATE = 0 ) .  I U N I  performs l i n e a r  a n d  q u a d r a t i c  i n t e r p o l a -  
t i o n  when t h e r e  are  less t h a n  f o u r  t a b u l a r  v a l u e s  a n d  CSIUNI pe r fo rms  a c u b i c  s p l i n e  
i n t e r p o l a t i o n  when t h e r e  are f o u r  o r  more t a b u l a r  v a l u e s .  Key p a r a m e t e r s  u sed  are  
TAB and  V. 

S u b r o u t i n e  SPLDER.-.Subroutine SPLDER i n t e r p o l a t e s  f o r  Ry' a n d  estimates 
dRy' /dy '  f o r  beam-type s e c t i o n s  (IPLATE = 0 )  u s e d  i n  computing a n g u l a r  d i s p l a c e m e n t s  
(ITYPE = 2 ) .  Key parameters used  a r e  TAB and V. 

S u b r o u t i n e s  ZFUN2 and  AFUN2.- I n  s u b r o u t i n e s  ZFUN2 a n d  AFUN2, s p l i n e  c o e f f i -  
c i e n t s  are  d e t e r m i n e d  f o r  symmetric (ISYM = l ) ,  nonsymmetric or a n t i s y m m e t r i c  
(ISYM # 1 )  p l a t e - t y p e  sect ions (IPLATE = 1) .  Key p a r a m e t e r s  u s e d  are  TAB and  W .  

S u b r o u t i n e s  ZFUN and  AWN.- In  s u b r o u t i n e s  ZFUN and AFUN, modal c o e f f i c i e n t s  
f o r  l i n e a r  d i s p l a c e m e n t - t y p e  s e n s o r s  a r e  de t e rmined  f o r  symmetric (ISYM = 1 )  and  
nonsymmetric or a n t i s y m m e t r i c  (ISYM # 1 )  p l a t e - t y p e  s e c t i o n s  (ITYPE = 1 and 
IPLATE = 1 ) .  Key parameters u s e d  are  TAB, W ,  XS,  and  YS. 

S u b r o u t i n e s  ZDER a n d  ADER.- In  s u b r o u t i n e s  ZDER and  ADER, modal c o e f f i c i e n t s  
f o r  a n g u l a r  d i s p l a c e m e n t  or r o t a t i o n a l - t y p e  s e n s o r s  are d e t e r m i n e d  f o r  symmetric 
(IS\?.? = 1 )  a n d  nonsymmetric o r  a n t i s y m m e t r i c  ( Ism # 1 )  p l a t e - t y p e  s e c t i o n s  
(ITYPE = 2 a n d  IPLATE = 1 ) .  Key p a r a m e t e r s  u s e d  a r e  TAB, W ,  X S ,  Y S ,  a n d  RO. 

Over l a y  MATINPT 

Large d a t a  a r r a y s  such  as t h e  aerodynamic d a t a ,  g e n e r a l i z e d  masses, g e n e r a l i z e d  
s t i f f n e s s e s ,  and  c o n t r o l  sys t em dynamics d e f i n i t i o n s  are i n p u t  i n  o v e r l a y  MATINPT. 
I n  a d d i t i o n ,  t h e  s e l e c t i o n  f e a t u r e  i s  a v a i l a b l e  which e n a b l e s  one t o  choose a mathe- 
matical  model t h a t  is a s u b s e t  of a p r e v i o u s l y  d e f i n e d  model. Primary s u b r o u t i n e s  
called are  MATEXD, CSINPUT, and  SELECTS. Key p a r a m e t e r s  a re  d e f i n e d  a s  f o l l o w s :  

= 1 , 2 Read p -p lane  c o e f f i c i e n t s .  

= 0,3 Read aerodynamic c o e f f i c i e n t s .  
ISPLANE 
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< 0 Read modal d a t a  f r o m  da t a  storage f i l e  TAPE1 ( s e l e c t  from 
p r e v i o u s l y  u s e d  d a t a ) .  

> 0 Read modal d a t a  as f o r m a t t e d  i n p u t  f rom f i l e  TAPE5 ( se lec t  from 
nri yLlr*IILIL -4 m - 1 data;. 

0 N o  s e l e c t i o n  of a r r a y  d a t a ;  f o r  i n i t i a l  case, d a t a  f rom f i l e  TAPE5 
a re  u s e d ;  i n  s u b s e q u e n t  cases, a r r a y  da t a  f rom p r e c e d i n g  case a re  
u s e d  f o r  c u r r e n t  case. 

1 ISELECT 

ICONSYS 

KASEt 

ICSREAD 

INTERAC 

ICHSEN 

ICHFIL 

ICHACT 

NM and  
NMODES 

= 1 C a l l  s u b r o u t i n e  CSINPUT t o  i n p u t  s e n s o r  a n d  c o n t r o l  sys t em d a t a .  

(= o NO c o n t r o l  sys t em i n p u t .  

Number o f  cases run  d u r i n g  c u r r e n t  program e x e c u t i o n .  

= 0 Read s e n s o r  d a t a  f rom da ta  s t o r a g e  f i l e  TAPEI, record 1 6  a s  
computed and  s tored  i n  o v e r l a y  s e n s o r .  

= 1 Read s e n s o r  da t a  as i n p u t  f rom f i l e  TAPE5. 

1 I n t e r a c t i v e  run  i s  b e i n g  made ( a d d i t i o n a l  i n p u t  a f t e r  i n i t i a l  
i z a t i o n  case i s  r e q u e s t e d  f rom k e y b o a r d ) .  

0 Run i s  i n  b a t c h  mode ( a d d i t i o n a l  i n p u t  a f t e r  i n i t i a l i z a t i o n  case 
must a l s o  be on  TAPE2. 

= 1 Change i n  s e n s o r  dynamics. 

= 0 N o  change  i n  s e n s o r  dynamics. 

= 0 N o  change  i n  f i l t e r  dynamics. 

= 1 Change i n  f i l t e r  numerator .  

= 2 Change i n  f i l t e r  denominator .  

= 3 Change i n  b o t h  numera to r  a n d  denomina to r .  

= 0 N o  change  i n  a c t u a t o r  dynamics. 

= 1 Change i n  a c t u a t o r  numera tor .  

= 2 Change i n  a c t u a t o r  denominator .  

= 3 Change i n  b o t h  numera to r  a n d  denomina to r .  

Number of  modes employed i n  model b e f o r e  s e l e c t i o n  and  number t o  be 
s e l e c t e d  (ISELECT # 0) .  

t I n t e r n a l l y  g e n e r a t e d  parameter. 
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N R  a n d  Number of  r igid-body modes employed i n  model b e f o r e  s e l e c t i o n  a n d  
NRNEW number t o  be  selected (ISELECT # 0) .  

NC and  Number of c o n t r o l s  employed i n  model b e f o r e  s e l e c t i o n  a n d  number t o  be 
NCNEW s e l e c t e d  (ISELECT # 0) .  

N K  a n d  Number of  r educed  f r e q u e n c i e s  a t  which aerodynamic t a b u l a r  v a l u e s  
NKNEW are employed i n  model b e f o r e  s e l e c t i o n  and  number t o  be s e l e c t e d  

(ISELECT # 0 ) .  If NKNEW = 0 ( d e f a u l t ) ,  a l l  w i l l  be  u s e d  a n d  no  
s e l e c t i o n  p e r  f r e q u e n c y  w i l l  be  performed.  

NOC Array of  mode numbers i n d i c a t i n g  which modes t o  s e l ec t  (ISELECT # 0 ) .  

NOK Array o f  f r e q u e n c y  i n d i c e s  i n d i c a t i n g  which r educed  f r e q u e n c y  d a t a  t o  
se lect  (ISELECT f 0 and  NKNEW f 0 ) .  

NS N u m b e r  of s e n s o r s .  

S u b r o u t i n e  MATEXD.- . A l l  n o n c o n t r o l  a r r a y  d a t a  are  r e a d  i n  s u b r o u t i n e  MATEXD and 
a l l  a r r a y  d a t a  are  r e w r i t t e n  t o  d a t a  s t o r a g e  f i l e ,  TAPE1, i n  form t o  be used  by o t h e r  
o v e r l a y s .  Pr imary subrout ines  c a l l e d  are CSINPUT a n d  SELECTS. Key parameters u s e d  
are ISPLANE, ISELECT, ICONSYS, KASE, INTERAC, NM, NR, N C ,  NS, a n d  a l l  a r r a y s  d e f i n i n g  
a e r o e l a s t i c  model a n d  c o n t r o l  system. 

S u b r o u t i n e  CS1NPUT.- A l l  c o n t r o l  sys t em d a t a  are r e a d  i n  s u b r o u t i n e  CSINPUT, o r  
d e f a u l t  v a l u e s  s e t ,  i n c l u d i n g  s e n s o r  d e f l e c t i o n  c o e f f i c i e n t s .  Key p a r a m e t e r s  u s e d  
are  ICSREAD, ICHSEN, ICHFIL, ICHACT, NS, NC, a n d  a r r a y s  d e f i n i n g  c o n t r o l  system. 

S u b r o u t i n e  SELECTS.- A l l  modal a n d  f r e q u e n c y  s e l e c t i o n  of d a t a  i s  pe r fo rmed  i n  
s u b r o u t i n e  SELECTS. Key p a r a m e t e r s  u s e d  a r e  ISPLANE, INTERAC, KASE, NM, NMODES, NR,  
NRNEW, NC, NCNEW, NK,  NKNEW, NOC, NOK, NS, and a l l  a r r a y s  d e f i n i n g  basic a e r o e l a s t i c  
mode 1. 

Over l ay  PPLANE 

The p -p lane  c u r v e  approx ima t ions  t o  t h e  o s c i l l a t o r y  aerodynamic f o r c e s  are  com- 
p u t e d  i n  o v e r l a y  PPLANE c o r r e s p o n d i n g  t o  a s p e c i f i e d  s e t  of denominator  c o n s t a n t s  
({b,} (eq. ( 3 ) ) ) .  
o s c i l l a t o r y  aerodynamic f o r c e  d a t a  a t  a number of  r educed  f r e q u e n c i e s  are  de te rmined  
i n  a least-squares s e n s e .  
n a t o r  c o n s t a n t s  are  s t o r e d  f o r  s u b s e q u e n t  u se  i n  o v e r l a y s  PKE'LUT and  AEROPLT. 
mary s u b r o u t i n e s  c a l l e d  a re  SET a n d  AERCOEF. Key p a r a m e t e r s  a re  d e f i n e d  a s  f o l l o w s :  

The best  c o e f f i c i e n t s  t o  employ i n  e q u a t i o n  ( 3 )  f o r  a g iven  se t  of 

The r e s u l t i n g  c o e f f i c i e n t s  and  t h e  c o r r e s p o n d i n g  denomi- 
P r i -  

N K  Number  of  r educed  f r e q u e n c i e s  a t  which aerodynamic d a t a  are a v a i l a b l e .  

N K K  ( J) J t h  e l e m e n t  o f  NM x 1 a r r a y  i n d i c a t i n g  t h a t  o n l y  f i r s t  NKK r educed  
f r e q u e n c i e s  of aerodynamic d a t a  are  t o  be employed i n  l e a s t - s q u a r e s  
f i t  f o r  J t h  column o f  aerodynamic f o r c e s .  

NCOEF Number of  c o e f f i c i e n t s  d e s i r e d  i n  p-plane f i t ,  i n c l u d i n q  po lynomia l  a n d  
denomina to r  ( l a g )  terms (Max = 10) .  

NPOLYC (J) The number of Dolvnomial c o e f f i c i e n t s  f o r  column J. 
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I n t e g e r  i n d i c a t i n q  whe the r  t o  i n c l u d e  n t h  c o n s t r a i n t  (as  d e f i n e d  below) when 
f i t t i n g  J t h  column of  aerodynamic  forces. (See append ix  A . )  I t  i s  assumed t h a t  
k l  = 0 a n d  k2 i s  s m a l l .  

e f a u l t )  Nth c o n s t r a i n t  nct  ezplcie3 i 1 1  J t h  coiumn ot 
aerodynamic  forces. 

> 0 Employ Nth c o n s t r a i n t .  

ICOF(N, J )  

ICOF (1  , J) > 2 Force  agreement  w i t h  f i r s t  t a b u l a r  v a l u e  a t  k l  = 0 ;  
Q. . ( 0 )  = Q. . ( 0 )  

1 3  1 3  

I C O F (  2 ,  J )  > 0 For  k l  = 0, f o r c e  slope,  

ICOF(3, J )  > 0 For  k l  = 0, Force  slope = - R e { Q i 2 ( O ) } / ( b e n ) .  

ICOF ( 4 ,  J )  > 0 For k l  = 0, Force  slope = 0. 

ICOF(5, J )  = !t + 1 Force  A I ,  = 0. 
3 

I C O F (  6, J )  > 0 Force  4 ( k o )  = Q ( k 0 )  f o r  some k o r  where Qj ( k O )  i s  i n t e r p o l a t e d  
v a l u e  of J t h  aerodynamic  f o r c e  a t  k o r  o b t a i n e d  w i t h  a piecewise 

q u a d r a t i c  f i t  t o  Q j ( k i ) ,  i = 1 ,  ..., "k' 

B N ( I , J )  C o n s t a n t  i n  I t h  denominator  term of  form P/(BN + P )  c o r r e s p o n d i n q  t o  
J t h  column ( p r e s s u r e  mode); i f  same se t  of  BN i s  u s e d  f o r  s e v e r a l  
columns t h e y  need  o n l y  be i n p u t  once. (See  NCOL.) 

THETAN Normal iz ing  f a c t o r  employed when a p p l y i n g  c o n s t r a i n t  number 3, 
I C O F ( 3 , J )  = 1 ;  D e f a u l t  = 1. 

SPKO Value o f  r educed  f r e q u e n c y  f o r  which  p-p lane  approx ima t ion  m s  t 
p r e c i s e l y  f i t  d a t a .  

NM Number of  modes b e i n g  employed i n  model. 

NC Number of  c o n t r o l s  b e i n g  employed i n  model. 

NOC 

NCOL( J )  

Array o f  mode numbers i n d i c a t i n g  which  modes are  i n c l u d e d  i n  c u r r e n t  
mode 1. 

B N ( 1 , J )  = B N ( 1 , N )  ( d e f a u l t  i s  1 ) .  
= N I n t e g e r  i n d i c a t i n g  p r e c e d i n g  column number, i f  any ,  f o r  which i 

(= 0 BN terms f o r  J t h  column a re  t o  be i n p u t .  
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NBN ( J ) t Number of nonzero BN f o r  column J. 

C ( I r  J , K )  I t h  p-plane c o e f f i c i e n t  f o r  ( J , K )  e l e m e n t  of g e n e r a l i z e d  aerodynamic 
f o r c e  matrix.  

= 1 Write p e r c e n t  errors f o r  p-plane f i t  a t  t abu la r  v a l u e s  t o  TAPEG. 

= 0 Do n o t  w r i t e .  
I ERPRT 

S u b r o u t i n e  SET.- The number of  l a g  terms i s  de te rmined  f o r  e a c h  column of  t h e  
aerodynamic f o r c e s  b a s e d  upon i n p u t  p a r a m e t e r s .  The l o g i c  i n  s u b r o u t i n e  SET was 
deve loped  t o  r e d u c e  t h e  i n p u t  r e q u i r e d  of  t h e  u s e r .  ?he p a r a m e t e r  N C O L ( J )  i s  
employed t o  i n d i c a t e  whe the r  l a g  terms f o r  column J w e r e  r e a d  i n  ( N C O L ( J )  = 0 )  o r  a r e  
t h e  same as t h o s e  f o r  column JJ = N C O L ( J ) .  Key p a r a m e t e r s  u s e d  a r e  NCOEF, BN, NM, 
NC, NOC, NCOL, a n d  NBN. 

S u b r o u t i n e  AERC0EF.- S u b r o u t i n e  AERCOEF s o l v e s  f o r  t h e  c o e f f i c i e n t s  t h a t  y i e l d  
t h e  minimum error i n  t h e  l e a s t - s q u a r e s  s e n s e  i n  t h e  p -p lane  f i t  t o  t h e  aerodynamics.  
A l i b r a r y  s u b r o u t i n e  MATOPS is  employed t o  s o l v e  t h e  set of  l i n e a r  e q u a t i o n s  which 
r e s u l t .  (See  a p p e n d i x  A. ) Key p a r a m e t e r s  used a re  a l l  f o r  o v e r l a y  PPLANE. 

Over l a y  CONTROL 

For o v e r l a y  CONTROL, a m a t r i x  of  t r a n s f e r  f u n c t i o n s  TATATs i s  c o n s t r u c t e d .  
( S e e  eq. ( 9 ) . )  %e ( )i e l e m e n t  r e l a t e s  t h e  o u t p u t  of a c t u a t o r  i t o  t h e  i n p u t  
of  s e n s o r  j, e x c l u d i n g  i G ) i j  a n d  a n y  s c h e d u l i n g  o r  phase  e r r o r .  The po lynomia l  
c o e f f i c i e n t s  f o r  s e n s o r ,  compensat ion,  and  a c t u a t o r  dynamics are c o n s t r u c t e d  s e p a -  
r a t e l y  a n d  t h e n  combined and  a common denominator  i s  found. m c h  e l e m e n t  of t h e  
r e s u l t i n g  m a t r i x  c a n  t h e n  be m u l t i p l i e d  by a d i s t i n c t  feedback g a i n  and  s c h e d u l i n g  
component i n  o v e r l a y  PKFLUT. Primary s u b r o u t i n e s  c a l l e d  are  CONTEXT, SENDYN,  CLOGIC , 
F I L D Y N ,  ACTDYN, PMULT, NCOF, a n d  EQUATEP. Key p a r a m e t e r s  are  d e f i n e d  a s  f o l l o w s :  

NC Number o f  c o n t r o l s .  

NS Number of s e n s o r s .  

= 0 P e r f e c t  s e n s o r  ( d e f a u l t ) .  i = 1 Senso r  dynamics inc luded .  
ISDYN ( I ) 

(= o P o s i t i o n  s e n s o r .  

= 1 Rate s e n s o r .  

= 2 A c c e l e r a t i o n  s e n s o r .  

J t h  c o e f f i c i e n t  of numerator  po lynomia l  f o r  I t h  s e n s o r .  

I O R D ( 1 )  

XKs ( J ,  1) 

I n t e r n a  1 l y  gene r a t e d  parame t e  r. 
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= 1 If J = I O R D ( 1 )  + 1 and  ISDYN(1) = 0. 

= 0 If J # I O R D ( 1 )  + 1 and  ISDYN(1) = 0. 

L= x~s<JJ,ij w h e r e  J = JJ + IOm(1) + 1 i f  ISDYN(1) = 1. 

1 I f  ISDYN(1) = 0 and  J = 1 .  

A S N ( J , I ) +  

ASD( J, I 1 = 0 I f  ISDYN(1) = 0 and  J > 1. 

J t h  c o e f f i c i e n t  o f  denomina to r  po lynomia l  f o r  I t h  s e n s o r  i f  
ISDYN(1) = 1. 

ISN( I )  a n d  Number of c o e f f i c i e n t s  i n  numerator and  denominator ,  r e s p e c t i v e l y ,  
ISD( I )  o f  t r a n s f e r  f u n c t i o n  model inq  I t h  s e n s o r  dynamics. 

= 0 I t h  a c t u a t o r  i s  modeled a s  p e r f e c t  a c t u a t o r .  

= 1 A c t u a t o r  dynamics are i n c l u d e d  f o r  I t h  actuator.  
IACT(I)  

AACTN(J,I)  and J t h  c o e f f i c i e n t  o f  numera to r  a n d  denominator  o f  po lynomia l ,  
AACTD( J, I r e s p e c t i v e l y ,  o f  t r a n s f e r  f u n c t i o n  u s e d  t o  model I t h  a c t u a t o r .  

I A N ( 1 )  and  Number of  c o e f f i c i e n t s  i n  numera tor  a n d  denomina to r  of I t h  a c t u a t o r  
I A D ( I )  t r a n s f e r  f u n c t i o n .  

A C L N ( K ,  I ,  J )  and Kth c o e f f i c i e n t  of numera tor  a n d  denominator  po lynomia l ,  respec- 
A C L D ( K ,  I ,  J )  t i v e l y ,  o f  t r a n s f e r  f u n c t i o n  which re la tes  I t h  a c t u a t o r  i n p u t  

t o  J t h  s e n s o r  o u t p u t  e x c l u d i n q  q a i n ,  s c h e d u l i n g ,  and  p h a s e  
error  c o n t r i b u t i o n s .  

ILN(I , J )  and  Number of  numera tor  and  denomina to r  c o e f f i c i e n t s  i n  t r a n s f e r  func -  
ILD( I ,  J) t i o n  r e l a t i n g  I t h  ac tua to r  i n p u t  t o  J t h  s e n s o r  o u t p u t .  

IFILTERij(K) I n d i c a t e s  which t y p e s  of f i l t e r s  a r e  t o  be combined t o  d e f i n e  
o v e r a l l  f i l t e r  t r a n s f e r  f u n c t i o n  r e l a t i n q  a c t u a t o r  i i n p u t  t o  
s e n s o r  j o u t p u t .  Maximum of 1 2  f i l t e r s  f o r  e a c h  c o n t r o l -  
s e n s o r  pa i r .  IFILTER(K) i s  Kth f i l t e r  t y p e  ( sequence  must e n d  
w i t h  1 ) .  

(= 1 NO f i l t e r i n g .  

= 2 Notch f i l t e r .  

= 3 I n t e g r a l  f i l t e r .  

= 4 P r o p o r t i o n a l  p l u s  d e r i v a t i v e  f i l t e r .  

= 5 Lead-lag (or  l a g - l e a d )  f i l t e r .  

= 6 G e n e r a l  f i l t e r  compr i sed  o f  numera to r  a n d  denominator  I PO lynomia Is. 

IFILTER(K) 

- _ _ _  
' I n t e r n a l l y  q e n e r a t e d  parameter. 
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W N I ( K )  a n d  
SNI (K) IFILTER(K) = 2. 

N a t u r a l  f r equency  and  damping r a t i o  of n o t c h  f i l t e r  i f  

KIBDO ( K )  Gain employed i n  i n t e g r a l  f i l t e r  i f  IFILTER(K) = 3. 

K I B D 1  (K) and  Gains  employed f o r  p r o p o r t i o n a l  p l u s  d e r i v a t i v e  f i l t e rs ,  respec- 
K I B D 2 (  K )  t i v e l y ,  i f  IFILTER(K1 = 4. 

A N I ( K )  a n d  Time c o n s t a n t s  of z e r o  and  p o l e  i n  l e a d - l a g  ( l a g - l e a d )  compensa tor  
AD1 ( K )  i f  IFILTER(K) = 5. 

A F N ( 1 , K )  a n d  Numerator a n d  denominator  c o e f f i c i e n t s  ( c o n s t a n t  term f i r s t )  o f  
AFD(1,K) g e n e r a l - t y p e  t r a n s f e r  f u n c t i o n  i f  IFILTER( K )  = 6. 

ACTLN(K, I ,  J )  a n d  K t h  computed c o e f f i c i e n t  of numera tor  a n d  denomina to r  po lynomia l ,  
ACTLD ( K ,  I , J) t r e s p e c t i v e l y ,  o f  o v e r a l l  t r a n s f e r  f u n c t i o n  

r e l a t i n g  a c t u a t o r  I o u t p u t  t o  s e n s o r  J i n p u t ,  e x c l u d i n g  
g a i n ,  s c h e d u l i n g ,  a n d  p h a s e  error c o n t r i b u t i o n s .  

( T ~ T L T ~ ) ~ ,  

ICLN( I, J )  a n d  Number of c o e f f i c i e n t s  i n  numera tor  and  denominator  of o v e r a l l  
t r a n s f e r  f u n c t i o n  (T T I T  ) . 

A L s i j  ICLD( I , J) 

DCT+ Array of c o e f f i c i e n t s  i n  common denominator  d of a l l  t r a n s f e r  
f u n c t i o n s  ( T  T'T ) i . e . ,  common m u l t i p l e  of a l l  ACTLD a r r a y s .  

A L s i j '  

NCT Number of c o e f f i c i e n t s  i n  DCT. 

CNTLN(K, I ,  J )  Kth c o e f f i c i e n t  of po lynomia l  c o r r e s p o n d i n g  t o  p r o d u c t  of 
ACTLN(1,J) a n d  common denominator  DCT = (1' TIT ) d. A L s i J  

S u b r o u t i n e  CONTEXT. - I n  s u b r o u t i n e  CONTEXT t h e  o v e r a l l  m a t r i x  p r o d u c t  of t h e  
s e n s o r ,  c o n t r o l  logic,  and  a c t u a t o r  matrices of t r a n s f e r  f u n c t i o n s  i s  formed a n d  a 
c ~ ? m r n o n  denomina to r  i s  found.  Pr imary  s u b r o u t i n e s  c a l l e d  a r e  SENDYN, CLOGIC, and  
ACTDYN. Key parameters u s e d  are  a i i  e x c e p t  IFILTER, W?!I, SXI, K I R O O ;  K I B O I ,  KIBO2, 
A N 1 ,  AD1, AFN, a n d  AFD. 

S u b r o u t i n e  SENDYN.- S u b r o u t i n e  SENDYN d e t e r m i n e s  t h e  numera to r  a n d  denomina to r  
polynomial c o e f f i c i e n t s  a n d  o r d e r  of t h e  t r a n s f e r  f u n c t i o n s  r e l a t i n g  s e n s o r  o u t p u t  t o  
s e n s o r  i n p u t .  The numera tor  c o e f f i c i e n t s  are a d j u s t e d  f o r  t h e  appropriate power of 
s t o  d e f i n e  a p o s i t i o n ,  v e l o c i t y ,  o r  a c c e l e r a t i o n  s e n s o r .  S u b r o u t i n e  c a l l e d  i s  
NCOF. Key parameters u s e d  a re  N S ,  ISDYN, IORD, XKS, ASN, ASD, ISN, and  ISD. 

S u b r o u t i n e  CLOG1C.- S u b r o u t i n e  CLOGIC se ts  u p  t h e  i n p u t  f o r  ca l l s  t o  FILDYN i n  
order  t o  o b t a i n  the numera tor  and  denominator  po lynomia l  c o e f f i c i e n t s  which make u p  
t h e  t r a n s f e r  f u n c t i o n s  r e l a t i n g  s e n s o r  o u t p u t  t o  a c t u a t o r  i n p u t .  
c a l l ed  i s  FILDYN. Key p a r a m e t e r s  u s e d  are ACLN, ACLD, ILN,  a n d  ILD. 

Pr imary  s u b r o u t i n e  

S u b r o u t i n e  F1LDYN.- S u b r o u t i n e  FILDYN c o n t a i n s  t h e  f i l t e r  t y p e s  t h a t  may be 
combined t o  c o n s t r u c t  c o n t r o l  logic  dynamics. The ma themat i ca l  e x p r e s s i o n s  t h a t  
r e p r e s e n t  the  v a r i o u s  f i l t e r  t y p e s  are  d e f i n e d  i n  t h e  s e c t i o n  "Control-System Repre- 
s e n t a t i o n . "  
ove ra l l  f i l t e r .  For  example,  i f  IFILTER(1) = 3, IFILTER(2) = 6, IFILTER(3) = 6, 

Any combina t ion  of t h e  f i l t e r  t y p e s  may be u t i l i z e d  t o  g e n e r a t e  a n  

~ 

t I n t e r n a l l y  g e n e r a t e d  parameter. 
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a n d  IFILTER(4) = 1 ,  t h e  overa l l  f i l t e r  i s  t h e  product of  one i n t e g r a l  a n d  t w o  general  
po lynomia l  f i l t e r s .  When IFILTER(K) = 1 i s  e n c o u n t e r e d ,  no f u r t h e r  f i l t e r  dynamics 
are computed f o r  t h e  p a r t i c u l a r  c o n t r o l  sensor  pa i r  u n d e r  c o n s i d e r a t i o n .  
t h e  IFILTER a r r a y  must e n d  w i t h  1. S u b r o u t i n e s  c a l l e d  a re  NCOF and PMULT. Key 
parametcrs u s e d  a r e  IF ILTER, W N L ,  SNI, K I B D O ,  K I B D 1 ,  KIBD2, A N I ,  A D I ,  AFN,  a n d  AE'D. 

T h e r e f o r e ,  

S u b r o u t i n e  ACTDYN.- S u b r o u t i n e  ACTDYN d e t e r m i n e s  t h e  o r d e r  o f  t h e  p o l y n o m i a l s  i n  
t h e  t r a n s f e r  f u n c t i o n  r e p r e s e n t i n g  t h e  ac tua to r  dynamics r e l a t i n g  a c t u a t o r  o u t p u t  t o  
ac tua to r  i n p u t .  S u b r o u t i n e  c a l l e d  i s  NCOF. Key parameters u s e d  are  IACT, AACTN, 
AACTD, I A N ,  and  IAD. 

S u b r o u t i n e  NC0F.- NCOF i s  a f u n c t i o n  s u b r o u t i n e  which r e t u r n s  t h e  number of 
c o e € f i c i e n t s  i n  a polynomia l ;  t h a t  i s ,  i t  d e t e r m i n e s  t h e  order +1 o f  a po lynomia l .  

S u b r o u t i n e  PMULT.- The u t i l i t y  s u b r o u t i n e  PMULT m u l t i p l i e s  t w o  po lynomia l s  
t o g e t h e r .  A l l  po lynomia l  a r r a y s  a re  assumed t o  have  c o n s t a n t  terms f i r s t .  

S u b r o u t i n e  EQUATEP.- The u t i l i t y  s u b r o u t i n e  EQUATEP sets one  po lynomia l  e q u a l  t o  
a n o  t h e  r. 

Over l ay  PKF'LUT 

The matr ix  i n  e q u a t i o n  ( 1 )  or ( 2 )  i s  formed by o v e r l a y  PKFLUT. A u s e r - s p e c i f i e d  
number of  c h a r a c t e r i s t i c  roo t s  a re  d e t e r m i n e d  as  a f u n c t i o n  of  v a r i a t i o n  i n  v e l o c i t y ,  
a l t i t u d e ,  d e n s i t y ,  or f eedback  g a i n s  a n d  t h e  r e s u l t i n g  o u t p u t  i s  s t o r e d  f o r  possible 
s u b s e q u e n t  p l o t t i n g  ( i f  IPKPLT # 0 ) .  (See  s e c t i o n  " C h a r a c t e r i s t i c  R o o t  Determina-  
t i o n . " )  By o p e r a t i n q  i n  a m u l t i c a s e  mode, t h e  e f f e c t  of v a r i a t i o n  i n  o t h e r  parame- 
te rs  such  as a c t u a t o r  or compensa tor  dynamics or s e n s o r  l o c a t i o n  c a n  a l so  be s t u d i e d .  
Pr imary  s u b r o u t i n e s  ca l led  are  PKEXT, MATIT, MNLOOP, DETIT, FINSCN, AT62, PREDICT, 
F U N ,  DEFINE, SCHEDUL, AERO, AEROSP, CXQR, MATINV, CXDEV, I U N I ,  and  CSIUNI. Key 
parameters are d e f i n e d  as fo l lows:  

= 1 U s e  m a t r i x  i t e r a t i o n  t o  o b t a i n  i n i t i a l  estimates of roots. 

= 0 Do n o t  c a l c u l a t e  i n i t i a l  roots u s i n g  m a t r i x  i t e r a t i o n .  
IOPT2 

ITRACE ( I ) Array o f  i n t e g e r s  i n d i c a t i n g  w h e t h e r  t o  t race I t h  r o o t  e i t h e r  f rom 
i n p u t  o r  u s i n g  IOPT1 or IOPT2 opt ions.  These parameters a l s o  
i n d i c a t e  t y p e  of  c u r v e  u s e d  i n  e x t r a p o l a t i n g  f o r  G i l  and  6 i 2 -  
( S e e  s e c t i o n  "De te rminan t  I t e r a t i o n .  I' ) 

= 1 L inea r .  

= 2 p l a d r a t i c .  

= 3 Cubic .  
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I n t e g e r  i n d i c a t i n g  t y p e  of v a r i a t i o n  t o  be performed. I f  n e g a t i v e ,  
any co r re spond ing  p l o t  o u t p u t  w i l l  be wi th  respect t o  dynamic pres- 
s u r e .  Can be reset i n t e r a c t i v e l y  a t  p lo t  t i m e  of IPKPLT > 0. 

= - tl V e l o c i t y  v a r i a t i o n .  

= +-2 A l t i t u d e  v a r i a t i o n .  

= +3  Dens i ty  v a r i a t i o n .  

= 0 N o  p lots .  

= +-1 Root loci. 

= f 2  C l W  p l o t s .  
n 

= +_3 Both r o o t  loci  and Clo  p l o t s .  

= + A l l o w s . a l t e r a t i o n  of t i t l e s ,  scales,  curve  d e l e t i o n ,  etc. ,  a t  

n 

p lo t  t i m e .  

N V  Number of i nc remen t s  i n  pa rame te r  b e i n g  va r i ed .  

= 0 N o  g a i n  v a r i a t i o n .  

= 1 Gain v a r i a t i o n .  

Increment  i n  parameter v a r i a t i o n  

I G A I N  

DV 

VO, HO, I n i t i a l  v a l u e s  of v e l o c i t y ,  a l t i t u d e ,  and d e n s i t y  
and RHO0 

DVEL+, _ D R H O ~ ,  I nc remen ta l  change i n  v e l o c i t y ,  d e n s i t y ,  and a l t i t u d e .  Only one 

D E L G A I N  ( I  , J) 

VVi H,  
and  DENS 

XVC and XV 

S1I  and  S21 

i s  s e t  t o  DV, depending  upon KVAR. Others  are  z e r o .  

C u r r e n t  va lue  of g a i n  on t r a n s f e r  f u n c t i o n  r e l a t i n g  a c t u a t o r  I o u t p u t  
t o  s e n s o r  J i n p u t .  

Increment  i n  g a i n  G N ( I , J )  f o r  g a i n  v a r i a t i o n .  

C u r r e n t  v a l u e s  of v e l o c i t y ,  a l t i t u d e ,  o r  d e n s i t y  d u r i n g  parameter 
v a r i a t i o n .  

C u r r e n t  va lue  of independent  parameter be ing  va r i ed .  

Array of i n i t i a l  estimates, sil and  si2,  of r o o t s  t o  be traced. 
A A 

These need t o  co r re spond  t o  i n i t i a l  va lue  of parameter ( v e l o c i t y ,  
a l t i t u d e ,  d e n s i t y ,  o r  g a i n )  v a r i a t i o n .  S21, o n l y ,  i s  used  i n i t i a l l y  
i n  MATIT i f  IOPT2 = 1 as a n  estimate ( n o t  r e q u i r e d )  of roots t o  be 
t r a c e d .  MATIT w i l l  r e t u r n  v a l u e s  f o r  bo th  S I 1  and S21 i n  t h i s  case. 
S21 i s  a lways  assumed t o  be t h e  b e t t e r  estimate i n  d e t e r m i n a n t  
i t e r a t i o n .  

t I n t e r n a l l y  g e n e r a t e d  parameter. 
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N F+ 

I T E S T ~  

CONFAC1 

CONFAC2 

CONFAC3 

IPH and  JPH 

PHASE 

IPRINT 

XMACH 

Q B A R ~  

KFIT 

P l t  a n d  P2t 

Number of c h a r a c t e r i s t i c  roots f o r  which t o  s o l v e .  

I n t e g e r  i n d i c a t i n g  whe the r  t h e r e  i s  a convergence  problem i n  
t r a c i n g  a s p e c i f i e d  root. 

= i i t e r a t i o n  p r o c e d u r e  converged .  

= 2 I t e r a t i o n  p r o c e d u r e  f a i l e d  t o  converge .  

Fac to r  f o r  c o n v e r t i n g  i n p u t  v e l o c i t y  t o  f e e t  per second  f o r  u s e  i n  
s u b r o u t i n e  AT6 2. 

F a c t o r  f o r  c o n v e r t i n g  i n p u t  a l t i t u d e  t o  f e e t  f o r  u s e  i n  s u b r o u t i n e  
AT62. 

F a c t o r  f o r  c o n v e r t i n g  d e n s i t y  o u t p u t  by s u b r o u t i n e  AT62 i n  s l u g s  
p e r  c u b i c  f o o t  i n t o  u n i t s  c o r r e s p o n d i n g  t o  i n p u t  model. 

C o n t r o l  ( IPH) and  s e n s o r  (JPH) pa i r  f o r  which p h a s e  error i s  t o  be 
i n t r o d u c e d .  

Phase error,  i n  d e g r e e s ,  t o  be i n t r o d u c e d  i n  IPH c o n t r o l ,  JPH 
s e n s o r  t r a n s f e r  f u n c t i o n .  

Opt ion  i n d i c a t i n g  how o f t e n  t o  p r i n t  c h a r a c t e r i s t i c  root d a t a  t o  
s c r e e n  (or  t o  f i l e  OUTPUT) durincj  i n t e r a c t i v e  s e s s i o n ;  
IPRINT = N ,  p r i n t s  e v e r y  Nth i t e r a t i o n .  A l l  d a t a  a re  w r i t t e n  t o  
f i l e  TAPE6, r e g a r d l e s s  o f  IPRINT. 

Mach number a t  which aerodynamic  da ta  w e r e  gene ra t ed .  

Dynamic pressure c o r r e s p o n d i n g  t o  c u r r e n t  v e l o c i t y  a n d  d e n s i t y .  

Type o f  i n t e r p o l a t i o n  t o  be pe r fo rmed  t o  o b t a i n  aerodynamic  force 
a t  p a r t i c u l a r  f r e q u e n c y  when k aerodynamic  t a b u l a r  data  a re  b e i n q  
used  r a t h e r  t h a n  p -p lane  aerodynamic  approx ima t ions .  

I f  KFIT i s  n e g a t i v e ,  t h e  i n t e r p o l a t i o n  w i l l  be f o r  R e ( Q ( k ) )  
and Q' (k) (see u n s t e a d y  aerodynamic  force s u b s e c t i o n )  

= f l  L inea r .  

= f 2  p l a d r a t i c .  

= +3 Cubic  s p l i n e .  

Nondimens iona l ized  estimates, G i  a n d  $i2 of  c h a r a c t e r i s t i c  
r o o t  p r i o r  t o  d e t e r m i n a n t  i t e r a t i o n  a t  e a c h  v a l u e  of i n d e p e n d e n t  
v a r i a b l e .  Upon r e t u r n i n q  f rom d e t e r m i n a n t  i t e r a t i o n ,  P2 i s  
c u r r e n t  converged  root, i f  found,  a n d  P1 i s  p r e c e d i n g  conve rged  
r o o t .  

t I n t e r n a l l y  g e n e r a t e d  parameter. 
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Value of estimate f o r  nond imens iona l i zed  root i n  MATIT c o r r e s p o n d i n g  
t o  root i n  d e t e r m i n a n t  i t e r a t i o n  p r o c e d u r e  for  which convergence  
d i f f i c u l t y  w a s  i n c u r r e d .  Upon r e t u r n  from MATIT, P i s  r e p l a c e d  by 
a c t u a l  root,  i f  found.  

P l l ( 1 ) t  P 2 2 ( I )  i s  v a l u e  of converged  I t h  root hi f o r  c u r r e n t  v a l u e  of 
a n d  P 2 2 ( I I t  i ndependen t  variable, and P l l ( 1 )  is  va lue  of  converged  I t h  root 

f o r  p r e c e d i n g  va lue  of  i ndependen t  variable. P22( I )  i s  employed 
t o  p r e v e n t  i t e r a t i o n s  f o r  I t h  root from converg ing  upon pre- 
v i o u s l y  de t e rmined  root  by d e f i n i n g  d e t e r m i n a n t  

i = l  

P P ( I , I N ) ~  
( 1 = 1 , 4 )  and  P11 ( I N )  i s  e q u i v a l e n t  t o  PP(4 , IN) .  Array i s  used  f o r  p r e d i c t i n g  
PPF(1)  new root estimates P1 and P2. 

Ar ray  of up  t o  f o u r  p r e c e d i n g  v a l u e s  of converged  INth  root.  

NORD+ Order of e x t r a p o l a t i n g  c u r v e  c u r r e n t l y  b e i n g  used  t o  p r e d i c t  
estimates P1 and P2. 

s TEPMX 

 SIGN^ 

N C H E C K ~  

ITRACK+ 

NFINE 

IDEF+ 

Maximum s tep  i n c r e a s e  allowed i n  ampl i tude  of c h a r a c t e r i s t i c  root 
i n  d e t e r m i n a n t  i t e r a t i o n .  

< 0 I n d i c a t e s  change i n  s t a b i l i t y  h a s  o c c u r r e d  i n  c u r r e n t  root  
be i n q trace d. i > 0 N o  change i n  s t a b i l i t y  has  occur red .  

NF x 1 vector r e c o r d i n g  s u c c e s s i v e  number of  t i m e s  noncoverqence  
h a s  o c c u r r e d  i n  roots b e i n g  traced. If NCHECK(1N) 2 5, t h e  INth 
root i s  no l o n g e r  traced. 

NF X 1 vector i n i t i a l l y  iiaV%rig 1 i r ,  a l l  e l emen t s .  I f  
NCHECK(1N)  > 5, ITRACK(1N) is se t  t o  0, and computa t ions  f o r  INth 
roo t  are bypassed  

Number of s u b i n t e r v a l s  i n t o  which inc remen t  i n  i n d e p e n d e n t  
variable is  d i v i d e d  i n  p e r f o r m i n g  f i n e r  s c a n  f o r  p a r t i c u l a r  
root. Number of v a l u e s  a t  which INth  root i s  de te rmined  i n  
f i n e r  s can .  N = NFINE + 1.  

= 1 Make precise d e t e r m i n a t i o n  of  p o i n t  where f i r s t  change i n  
s t a b i l i t y  occur s .  

= 0 Bypass precise d e t e r m i n a t i o n .  

I n t e r n a  1 l y  g e n e r a t e d  parameter . 
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Y t  Vector a r r a y  g i v i n g  f requency ,  f l u t t e r  speed ,  a l t i t u d e ,  d e n s i t y ,  
and  damping o b t a i n e d  by i n t e r p o l a t i n g  f o r  v a l u e  o f  i n d e p e n d e n t  
va r i ab le  a t  which damping i n  INth  mode i s  z e r o ;  i . e . ,  a t  which 
change  i n  s t a b i l i t y  o c c u r r e d .  

- -+ 
1.1'' a n d  NIT Number af  i t e r a t i o n s  employed i n  s e e k i n g  c h a r a c t e r i s t i c  root, a n d  

maximum number a l lowed .  

ICUTt a n d  NCUT I f  p r e d i c t e d  s t e p  i n c r e a s e s  magnitude of d e t e r m i n a n t ,  s t e p  s i z e  
i s  h a l v e d  u p  t o  NCUT t i m e s  i n  a t tempt  t o  improve estimate o f  
c h a r a c t e r i s t i c  root .  ICUT i s  number of  t i m e s  h a l v i n g  h a s  
o c c u r r e d .  

EPS I 

P R O O T ~  

SCHEDUL 

I DAMP 

I S  PLAN E 

ICONSYS 

IDMULT 

If e i t h e r  r e l a t i v e  or a b s o l u t e  change i n  estimate f o r  c h a r a c t e r i s t i c  
r o o t  i s  less t h a n  EPSI, conve rgence  i s  assumed. 

Estimate of  c h a r a c t e r i s t i c  root  a t  which d e t e r m i n a n t  i s  b e i n g  
e va l u a  t e  d. 

Complex number, f o r  e a c h  c o n t r o l  s e n s o r  pa i r ,  r e t u r n e d  f rom 
SCHEDUL f u n c t i o n  subprogram g i v i n g  c o n t r i b u t i o n s  o f  s c h e d u l i n g  
component and  any  p h a s e  error. 

L.= 3 91 = "1". g s ,  
i i  

= 0 Aerodynamic f o r c e s  are computed as  f u n c t i o n  o f  k = I m ( p ) .  

= 1 Ferodynamic f o r c e s  are  o b t a i n e d  f rom p-p lane  a p p r o x i m a t i o n  by  

= 2 p -p lane  a p p r o x i m a t i o n s  t o  u n s e l e c t e d  s e t  o f  modes i s  

u s i n g  c o e f f i c i e n t s  p r e v i o u s l y  g e n e r a t e d .  

de te rmined .  

= 3 p-p lane  a p p r o x i m a t i o n s  t o  s e l e c t e d  s u b s e t  of  modes i s  
de te rmine  d. 

= 1 C o n t r o l  sys t em i s  i n c l u d e d .  

= 0 N o  c o n t r o l  system. 

= 1 C o n t r o l  sys t em denomina to r  i s  c l e a r e d .  

= 0 C o n t r o l  sys t em denomina to r  p o l y n o m i a l  i s  n o t  c l e a r e d .  

I n  t e  r na 1 1 y ge ne rate d pa r ame te  r . 
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= 1 Aerodynamic and  i n e r t i a l  h inge  moments are n e g l e c t e d  i n  c o n t r o l  
r o w s  of e q u a t i o n s  of mot ion  

= 0 C o n t r o l  sur face  i s  i n c l u d e d  as  f u l l  deqree of freedom, a n d  
ICSACT 

e f f e c t s  of i n e r t i a l  and  aerodynamic h inge  moments are  
considered. 

S u b r o u t i n e  PKEXT. - I n  subrout ine  PKEXT, modal, s e n s o r ,  aerodynamic,  and  c o n t r o l  
sys t em data are read-in from data storage f i l e  TAPE1; the parameter va r i a t ion  loop is  
c o n t r o l l e d ;  and  character is t ic  root  da ta  are stored on  data storage f i l e  TAPE1 for  
p l o t t i n g  la te r  i f  IPKPLT f 0. Pr imary  s u b r o u t i n e s  cal led are  MATIT and MNLOOP. Key 
parameters used  are IOPT2, ITRACE, IPKPLT, ISPLANE, ICONSYS, KVAR, I G A I N ,  NV, DV, 
DVEL, DH, DRHO, DELGAIN, S11, S21, NF, and IPRINT. 

S u b r o u t i n e s  MATIT and  MATITX. - S u b r o u t i n e s  MATIT and MATITX, together,  pe r fo rm a 
matr ix  i t e r a t i o n  t o  de termine  the character is t ic  roots. They are  used t o  o b t a i n  
i n i t i a l  estimates s l i l  and  g i  of a l l  t he  roots a t  t h e  b e g i n n i n g  value of t h e  
parameter ( v e l o c i t y ,  a l t i t u d e ,  i e n s i t y ,  o r  g a i n )  being varied i f  and/or  
t o  a i d  i n  o b t a i n i n g  a specif ic  roo t  when the d e t e r m i n a n t  i t e r a t i o n  process h a s  con-  
vergence d i f f i c u l t i e s .  (See append ix  D. ) Primary subrout ines  cal led are AERO, 
AEROSP, SCHEDUL, CXQR, a n d  MATINV. Key parameters used  are VV, H ,  DENS, S21, P, a n d  
ITEST. 

IOPT2 = 1 

S u b r o u t i n e  MNLOOP. - I n  sub rou t ine  MNLOOP, t h e  independen t  var iab le  is i n c r e -  
mented, i n i t i a l  estimates, of character is t ic  roots b e i n g  traced are ob ta ined ,  a n d  
( fo r  e a c h  i n c r e m e n t )  , the  c h a r a c t e r i s t i c  r o o t s  are determined u s i n g  the  d e t e r m i n a n t  
i t e r a t i o n  method, if possible, or the m a t r i x  i t e r a t i o n  method i f  t h e  d e t e r m i n a n t  
i t e r a t i o n  process f a i l s  t o  converge.  Pr imary subrout ines  cal led are AT62, FREDICT, 
DETIT, MATIT, and FINSCN. Key parameters used  are ITRACE, KVAR, IPKPLT, I G A I N ,  DVEL, 
DH,  DRHO, DELGAIN, W, H,  DENS, NF, ITEST, P1, P2, P11, P22, PP, NORD, STEPMX, SIGN, 
NCHECK, ITRACK, NFINE, IDEF, IT, NIT, ICUT, NCUT, XMACH, CONFACl, CONFAC2, CONFAC3, 
XVC, and IPRINT. 

S u b r o u t i n e  DET1T.- S u b r o u t i n e  DETIT performs the  a c t u a l  d e t e r m i n a n t  i t e r a t i o n  t o  
o b t a i n  
"Determinant  i t e r a t i o n .  S u b r o u t i n e s  c a l l e d  are  FUN1 AND FUN. Key parameters used  
are ITEST, P1, P2, STEPMX, IT, NIT, ICUT, NCUT, EPSI, and PROOT. 

hIN, the  I N t h  character is t ic  roo t  c o r r e s p o n d i n g  t o  P2* See s e c t i o n  

S u b r o u t i n e  F1NSCN.- S u b r o u t i n e  FINSCN traces the I N  c h a r a c t e r i s t i c  root for 
smaller i n c r e m e n t s  i n  the  parameter being var ied  ( v e l o c i t y ,  a l t i t u d e ,  d e n s i t y ,  o r  
g a i n )  i n  the  same m n n e r  as MNLOOP i n  case of a change i n  s t a b i l i t y  or convergence 

The f i r s t  t i m e  a change  i n  d i f f i c u l t i e s .  A new value i s  r e t u r n e d  for P2 = h 
s t a b i l i t y  occurs, the precise p o i n t  where it o c c u r s  is ob ta ined .  S u b r o u t i n e s  cal led 
are AT62, DETIT, MATIT, DEFINE, and PREDICT. Key parameters used  are KVAR, I G A I N ,  
DEVEL, DH, DRHO, DELGAIN, W ,  H,  DENS, ITEST, P I ,  P2, PP, PPF, NORD, NFINE, IDEF, 
XMACH, CONFACl, CONFAC2, CONFAC3, XV, and IPRINT. 

I N :  

S u b r o u t i n e  AT62.- S u b r o u t i n e  AT62 determines the d e n s i t y  and speed of sound 
a t  a specif ied a l t i t u d e .  Key parameters used a re  H*CONFAC2, DENS/CONFAC3, and  
V"CONFAC1 /XMACH. 

S u b r o u t i n e  PREDICT.- S u b r o u t i n e  PREDICT f i t s  a polynomia l  of order n < 3 t o  
n + 1 p o i n t s  and  eva lua tes  the f u n c t i o n  a t  a specified value. I t  i s  u s e d  t o  extrap-  
olate  fo r  G i l  a n d  a t  t h e  c u r r e n t  v a l u e  of  t h e  independen t  parameter ( v e l o c -  
i t y ,  a l t i t u d e ,  d e n s i t y f 2 0 r  g a i n )  based upon the  v a l u e s  of the c o r r e s p o n d i n g  n + 1 
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conve rged  r o o t s .  
change  i n  s t a b i l i t y  occur s .  Key parameters u s e d  are P I ,  P2, X V C ,  XV, PP, PPF, a n d  
NORD. 

It i s  a l s o  u s e d  t o  i n t e r p o l a t e  f o r  t h e  precise p o i n t  a t  which a 

S u b r o u t i n e s  FUN1 and  FUN.- I n  s u b r o u t i n e  FUN1 and FIJN; the f i z z 1  m a t r i x  modei i s  
ferze:! 2nd the vdiue  of i t s  d e t e r m i n a n t  i s  o b t a i n e d  c o r r e s p o n d i n g  t o  t h e  c u r r e n t  
e s t i m a  t e  ($INn+l) of t h e  root 

CXDW, and  SCHEDUL. Key parameters u s e d  a r e  VV, DENS, PROOT, SCHEDUL, IDAMP, 
ISPLANE, ICONSYS, IDMULT, and  ICSACT. 

. Pr imary  s u b r o u t i n e s  c a l l e d  a re  AERO, AEROSP, 
' IN  

S u b r o u t i n e  DEFINE.- S u b r o u t i n e  DEFINE u s e s  PREDICT t o  i n t e r p o l a t e  f o r  t h e  pre- 
c i se  v a l u e  o f  t h e  i n d e p e n d e n t  v a r i a b l e  ( v e l o c i t y ,  a l t i t u d e ,  d e n s i t y ,  o r  g a i n )  a t  
which a change i n  s t a b i l i t y  occur s .  (See  s e c t i o n  " P r e c i s e  d e t e r m i n a t i o n  o f  p o i n t  a t  
which change  i n  s t a b i l i t y  o c c u r s . " )  S u b r o u t i n e  c a l l e d  i s  PREDICT. Key parameter 
u s e d  i s  V. 

S u b r o u t i n e  SCHEDUL.- S u b r o u t i n e  SCHEDUL p r o v i d e s  f o r  s c h e d u l e d  compensa t ion  of 
t h e  s i g n a l s  from t h e  s e n s o r s  p r i o r  t o  s e n d i n g  them t o  t h e  a c t u a t o r s .  I t  a l so  pro-  
v i d e s  f o r  t h e  i n c l u s i o n  of  a p h a s e  error i n t o  t h e  compensa t ion  f o r  one  c o n t r o l - s e n s o r  
pair .  See s e c t i o n  "Compensation Cp t ions"  a n d  a p p e n d i x  B. Key parameters u s e d  a r e  
PROOT, PHASE, IPH, JPH, XMACH, a n d  QBAR. 

S u b r o u t i n e  AERO.- For  ISPLANE = 0, aerodynamic  f o r c e s  as a f u n c t i o n  o f  
k = I m ( p )  a re  de te rmined  i n  s u b r o u t i n e  AERO. S u b r o u t i n e s  cal led are  I U N I  a n d  
CSIUNI. Key pa rame te r s  u s e d  a re  IM(PRO0T) and  KFIT. 

S u b r o u t i n e  AER0SP.- For ISPLANE f 0, t h e  aerodynamic  f o r c e s  a re  e v a l u a t e d  a t  
p i n  s u b r o u t i n e  AEROSP by u s i n g  t h e  p -p lane  a p p r o x i m a t i o n s  g e n e r a t e d  i n  o v e r l a y  
PPLANE. Key pa rame te r  u s e d  i s  PROOT. 

S u b r o u t i n e  CXQR.- The e i g e n v a l u e s  of a complex m a t r i x  are de te rmined  by subrou-  
t i n e  CXQR a l o n g  w i t h  s e l e c t e d  e i g e n v e c t o r s .  

S u b r o u t i n e  MAT1NV.- S u b r o u t i n e  MATINV d e t e r m i n e s  t h e  i nve r se  o f  a r e a l  ma t r ix .  

S u b r o u t i n e  CXDEV.- S u b r o u t i n e  CXDEV computes  t h e  d e t e r m i n a n t  o f  a complex 
ma t r ix .  

S u b r o u t i n e  I U N 1 . -  S u b r o u t i n e  I U N I  pe r fo rms  l i n e a r  o r  q u a d r a t i c  i n t e r p o l a t i o n  
needed t o  o b t a i n  t h e  aerodynamic  f o r c e s  a t  a p a r t i c u l a r  v a l u e  o f  k, depend ing  upon 
KFIT = * 1  o r  2 2 ,  r e s p e c t i v e l y .  

S u b r o u t i n e  CSIUN1.- S u b r o u t i n e  CSIUNI pe r fo rms  c u b i c  s p l i n e  i n t e r p o l a t i o n  needed  
t o  o b t a i n  t h e  aerodynamic f o r c e s  a t  a p a r t i c u l a r  v a l u e  o f  p i f  W I T  = 2 3 .  

Over l a y  AEROPLT 

P l o t s  a r e  c o n s t r u c t e d  which show how t h e  o s c i l l a t o r y  aerodynamic  f o r c e s  v a r y  
w i t h  r educed  f r equency  and d e p i c t  how t h e  p -p lane  a p p r o x i m a t i o n  f i t s  t h e  d a t a .  
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Primary s u b r o u t i n e s  c a l l e d  are APLOT, MULTPT, I U N I ,  and C S I U N I .  Key p a r a m e t e r s  are 
d e f i n e d  as f o l l o w s :  

0 P l o t  of p a r t i c u l a r  e l emen t  of aerodynamic f o r c e  m a t r i x  shows 
i n p u t  d a t a  and  c u r v e  d e f i n e d  by i n t e r p o l a t i n g  f o r  p o i n t s  between 
t h e s e  d a t a .  

0 A d d i t i o n a l  c u r v e  showing t h e  p -p lane  a p p r o x i m a t i o n  i s  
d i s p l a y e d .  

(1 MODEA ( I , J) 
1 P l o t  of (1,J) aerodynamic f o r c e  e l e m e n t  i s  made. 

0 ( d e f a u l t )  no  p lo t  i s  made f o r  ( 1 , J ) t h  e l emen t .  

K M I N t ,  m A X t  Minimum and  maximum reduced  f r e q u e n c i e s  f o r  which aerodynamic 
f o r c e s  are a v a i l a b l e .  n e s e  s e t  t h e  r ange  of r educed  f r e -  
q u e n c i e s  o v e r  which t h e  d a t a  a re  p l o t t e d .  

I APLT 

LWIT 

I n d i c a t e s  n o t  o n l y  t h a t  aerodynamic d a t a  are t o  be p l o t t e d  b u t  
a l s o  i n d i c a t e s  which t y p e  of c u r v e s  used  t o  f i t  d a t a  a r e  t o  b e  
p l o t t e d .  

= 1 P l o t  i n t e r p o l a t e d  c u r v e s ,  depend ing  upon KFIT, and p -p lane  
a p p r o x i m a t i o n  i f  ISPLANE f 0. 

= -1 P l o t  on ly  i n t e r p o l a t e d  c u r v e s  r e g a r d l e s s  of  ISPLANE. 

Indicates t y p e  of i n t e r p o l a t i o n  t o  be performed i n  o b t a i n i n g  
aerodynamic f o r c e s  a t  a p a r t i c u l a r  f r equency .  When KF'IT i s  
n e g a t i v e ,  k Q ' ( k )  w i l l  be p l o t t e d  f o r  t h e  imag ina ry  pa r t  of 
t h e  aerodynamic f o r c e  ( s e e  t h e  uns t eady  aerodynamic f o r c e  
s u b s e c t i o n ) .  

= k1 Linea r .  

= * 2  m a d r a t i c .  

= k3 Cubic s p l i n e .  

S u b r o u t i n e  APL0T.- K M I N  and  KMAX are d e t e r m i n e d  i n  s u b r o u t i n e  APLOT. Aero- 
dynamic f o r c e s  a t  50 i n t e r m e d i a t e  v a l u e s  of k between W I N  and  KMAX are a l s o  d e t e r -  
mined by u s i n g  i n t e r p o l a t i o n  a n d  PPLANE approx ima t ing  f u n c t i o n s  (if ISPLANE f 0 
a n d  IAPLT > 0) .  P l o t  r o u t i n e  MULTPT i s  c a l l e d .  S u b r o u t i n e s  c a l l e d  are I U N I ,  
C S I U N I ,  a n d  MULTPT. Key p a r a m e t e r s  u s e d  a r e  a l l  t h o s e  d e f i n e d  f o r  o v e r l a y  AEROPLT. 

S u b r o u t i n e  MULTPT.- S u b r o u t i n e  MULTPT a c t u a l l y  ca l l s  t h e  p l o t  l a b e l i n g  r o u t i n e s ,  
l i n e  p l o t  r o u t i n e s ,  a x e s  r o u t i n e s ,  e tc . ,  and  creates t h e  p l o t  v e c t o r  f i l e  which 
d e f i n e s  t h e  a c t u a l  p lots .  
immedia t e ly  f o r  i n t e r a c t i v e  p l o t t i n g  o r  s imply  s a v e d  and  p l o t t e d  a f t e r  e x e c u t i o n  via 
any  p l o t t i n g  d e v i c e  a v a i l a b l e .  S u b r o u t i n e s  c a l l e d  are l i b r a r y  p l o t t i n g  r o u t i n e s  f o r  
g e n e r a t i n g  a x e s ,  d rawing  l i n e s ,  l a b e l i n g ,  e tc .  

mese p l o t  v e c t o r  f i l e s  c a n  e i t h e r  be s e n t  t o  t h e  s c r e e n  

t I n t e r n a l l y  g e n e r a t e d  parameter. 
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S u b r o u t i n e  1 U N I . -  S u b r o u t i n e  I U N I  per forms l i n e a r  o r  q u a d r a t i c  i n t e r p o l a t i o n  f o r  
t h e  aerodynamic  f o r c e s .  

S u b r o u t i n e  CSIUN1.- S u b r o u t i n e  CSIUNI per forms c u b i c  s p l i n e  i n t e r p o l a t i o n  f o r  
t h e  aerodynamic  f o r c e s  i f  KFIT = 3 .  

Over l a y  PKPLOT 

P l o t s  a r e  c o n s t r u c t e d  which p o r t r a y  t h e  s t a b i l i t y  c h a r a c t e r i s t i c s  o f  t h e  a i r -  
c r a f t  by u s i n g  d a t a  g e n e r a t e d  i n  o v e r l a y  PKFLUT i f  IPKPLT f 0 d u r i n g  i t s  execu-  
t i o n .  A l l  a v a i l a b l e  s e t s  of da ta  a re  l i s t e d  i f  IPKPLT > 0. A l s o  i n  o v e r l a y  PKPLOT, 
t h e  o p t i o n  of removinq unwanted sets o f  c h a r a c t e r i s t i c  roo t  d a t a  i s  a v a i l a b l e .  P r i -  
mary s u b r o u t i n e s  c a l l e d  a re  PKPLT, PLOT, RLPLT, SCALE, and  DELPLOT. Key p a r a m e t e r s  
a re  d e f i n e d  as  f o l l o w s :  

I NTERAC+ I n d i c a t e s  whe the r  PKPLOT i s  b e i n q  e x e c u t e d  i n  i n t e r a t i v e  mode. 
INTERAC i s  t r u e  i f  ICASE > 0. 

.T. A l l  i n p u t  i s  f rom f i l e  INPUT and o u t p u t  i s  t o  f i l e  OUTPUT. 
These a re  u s u a l l y  a s s i g n e d  t o  t h e  keyboard  and  s c r e e n ,  
r e s p e c t i v e l y .  

.F.  A l l  i n p u t  i s  from f i l e  TAPE2, and  o u t p u t  e x c e p t  p l o t s  i s  t o  
f i l e  TAPE6. 

I PKPLT I n t e q e r  i n d i c a t i n q  which t y p e  of c h a r a c t e r i s t i c  root  p l o t s  t o  
qeneratc? and  whether  m o d i f i c a t i o n s  t o  l a b e l s ,  s c a l i n q ,  and  o t h e r  
p l o t  parameters a r e  t o  be a l l o w e d  on a p l o t - p e r - p l o t  basis.  

> O  Modi f i ca t ions  a r e  a l lowed .  

<O Only t h e  l a s t  s e t  of  d a t a  i s  p l o t t e d  and  n o  changes  t o  p l o t  
pa rame te r s  a re  a l l o w e d  d u r i n q  g e n e r a t i o n  o f  p l o t s .  

= + I  Gene ra t e  p l o t s  of  r o o t  l o c i  v e r s u s  v e l o c i t y ,  a l t i t u d e ,  or 
d e n s i t y  as  de te rmined  by KVAR = 1 ,  2 ,  o r  3, r e s p e c t i v e l y ,  
or v e r s u s  c o r r e s p o n d i n q  dynamic p r e s s u r e  i f  KVAR < 0 ,  or  
v e r s u s  q a i n  i f  I G A I N  = 1 d u r i n q  root  d e t e r m i n a t i o n .  

= +_2 Genera t e  p l o t s  of  c and  w v e r s u s  v e l o c i t y ,  a l t i t u d e ,  o r  
n d e n s i t y  dependinq  upon KVAR d u r i n g  root  d e t e r m i n a t i o n  ( o r  corre- 

sponding  t o  dynamic p r e s s u r e  i f  KVAR < 0 )  o r  v e r s u s  q a i n  i f  
I G A I N  = 1 d u r i n q  r o o t  d e t e r m i n a t i o n .  

= 23 Genera te  b o t h  ( c , w  ) a n d  r o o t  l oc i  p l o t s .  
n 

= 1 Delete unwanted c h a r a c t e r i s t i c  root  d a t a  f rom d a t a  s t o r a q e  
f i l e  TAPE1. 

= 0 D o  n o t  d e l e t e  any  d a t a .  

IDELPLT 

6 4  

' I n t e r n a l l y  q e n e r a t e d  parameter. 
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ICOUNT 

I P L T  and  
IPLT2 

I COMB1 N 

PTLTLE 

IDASH 

I SAME 

KVAR 

Number of sets of c h a r a c t e r i s t i c  r o o t  d a t a  t o  be  p l o t t e d  c o n c u r r e n t l y  
o u t  of t o t a l  number of sets of d a t a  g e n e r a t e d  d u r i n g  d i f f e r e n t  
c a s e s .  

Array of numbers i n d i c a t i n g  which sets of c h a r a c t e r i s t i c  r o o t  d a t a  
a r e  t o  be  p l o t t e d  o r  s a v e d ,  r e s p e c t i v e l y .  

I n t e g e r  i n d i c a t i n g  whether  t o  combine p l o t s  of d i f f e r e n t  se ts  of 
c h a r a c t e r i s t i c  r o o t  d a t a  i n t o  one p l o t  ( a l l  on same p a g e )  o r  t o  
g e n e r a t e  p l o t s  f o r  s e p a r a t e  pages.  

= 1 Combine p l o t s .  

= 0 Do n o t  combine p l o t s .  

8 0 - c h a r a c t e r  d e s c r i p t i o n  of d a t a  b e i n g  p l o t t e d .  When p l o t s  are 
b e i n g  combined, t h i s  w i l l  appear  on p l o t  b e i n g  g e n e r a t e d  i n  l i e u  
of t h e  o r i g i n a l  p l o t  t i t l e s .  

I n d i c a t e s  t y p e  of l i n e  used  t o  c o n n e c t  p o i n t s  i n  d a t a  c u r r e n t l y  
b e i n g  p l o t t e d .  This may be changed f o r  e a c h  s e t  of d a t a  b e i n g  
p l o t t e d .  

= o  ( s o l i d  l i n e )  

I n t e g e r  i n d i c a t i n g  how many of n e x t  s e t s  of c h a r a c t e r i s t i c  
r o o t  d a t a  are t o  be p l o t t e d  by u s i n g  same PLOTP n a m e l i s t  
d a t a  as c u r r e n t l y  b e i n g  r ead - in ,  i n c l u d i n g  c u r r e n t  s e t .  
( D e f a u l t  = 1 ) .  Program w i l l  n o t  r e q u e s t  a n o t h e r  PLOTP 
n a m e l i s t  t o  be i n p u t  u n t i l  n = ISAME sets of d a t a  have been 
p l o t t e d .  

S ign  of KVAR i n d i c a t e s  whether  d a t a  a r e  t o  be p l o t t e d  v e r s u s  
v e l o c i t y ,  a l t i t u d e ,  o r  d e n s i t y  (KVAR > 0 )  o r  v e r s u s  dynamic 
p r e s s u r e  (KVAR < 0 ) .  
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~ MODEPK( I )  I n t e g e r  i n d i c a t i n g  w h e t h e r  t o  g e n e r a t e  a p l o t  showing I t h  c h a r a c t e r -  
i s t i c  root  v a r i a t i o n .  

= 1 Genera t e  p l o t  of  d a t a  ( D e f a u l t )  

= U Bypass I t h  roo t  i n f o r m a t i o n .  

XRLORG, XRLEND, L o w e r  l i m i t ,  u p p e r  l i m i t ,  i nc remen t  between major t i c  marks,  and  
XRLDEL, and  number o f  minor d i v i s i o n s  between major t i c  marks f o r  abscissa  
NDXRL i n  r o o t - l o c u s  p lo t s .  ( O p t i o n a l )  

YRLORG, YRLEND, Lower l i m i t ,  uppe r  l i m i t ,  i n c r e m e n t  between major t i c  marks,  a n d  
Y RLD EL, and  number of minor  d i v i s i o n s  between major t i c  marks f o r  o r d i n a t e  
NDYRL i n  r o o t - l o c u s  p lo ts .  ( O p t i o n a l )  

VORG, VEND, Lower  l i m i t ,  u p p e r  l i m i t ,  i nc remen t  between major t i c  marks, a n d  
VDEL, and  NDV number o f  minor d i v i s i o n s  between major t i c  marks fo r  abscissa 

i n  and  w plots .  ( O p t i o n a l )  
n 

FORG, FEND, 
FDEL, and  NDF 

GORG, GEND, 
GDEL, and  NDG I 

I I OP 

NFR+ 

N V R t  

I D Y N A M ~  

L o w e r  l i m i t ,  u p p e r  l i m i t ,  i nc remen t  between major t i c  marks,  and  
number of minor  d i v i s i o n s  between major t i c  marks f o r  o r d i n a t e  
i n  w plots .  ( O p t i o n a l )  

n 

L o w e r  l i m i t ,  u p p e r  l i m i t ,  i nc remen t  be tween major t i c  marks, a n d  
number o f  minor d i v i s i o n s  between major t i c  marks f o r  o r d i n a t e  
i n  p lo t s .  

I n t e g e r  i n d i c a t i n g  whe the r  t o  c o n t i n u e  p l o t t i n g .  T h i s  o p t i o n  
a l lows  u s e r  t o  g e n e r a t e  a d d i t i o n a l  p l o t s  w i t h  c h a r a c t e r i s t i c  
root d a t a  t h a t  e i t h e r  were n o t  i n c l u d e d  b e f o r e  or f o r  which 
changes  i n  p l o t s  a re  d e s i r e d .  

= 1 Con t inue  p l o t t i n g .  

= 0 Re tu rn  t o  main program a n d  c o n t i n u e  w i t h  new case or t e r m i n a t e  
e x e c u t i o n .  

T o t a l  number of roots t raced i n  c u r r e n t  d a t a  se t  b e i n g  p l o t t e d .  

T o t a l  number of i n c r e m e n t s  i n  i n d e p e n d e n t  v a r i a b l e  f o r  c u r r e n t  
d a t a  se t  

I n d i c a t e s  whe the r  t o  c o n v e r t  t o  dynamic p r e s s u r e  r a t h e r  t h a n  p l o t  
o r i g i n a l  i n d e p e n d e n t  variable.  

= 1 Conver t  t o  dynamic p r e s s u r e .  

= 0 D o  n o t  c o n v e r t .  

_ _ _ ~  

'In t e r n a  1 l y  gene r a t e d  parame t e  r. 
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S u b r o u t i n e  PKPLT.- S u b r o u t i n e  P K P L T  a c t u a l l y  reads i n  t h e  p l o t  
t h e  i n d e p e n d e n t  v a r i a b l e  t o  dynamic p r e s s u r e ,  i f  d e s i r e d ,  a n d  ca l l s  
t o  g e n e r a t e  d e s i r e d  p l o t s .  S u b r o u t i n e s  c a l l e d  a re  P L O T  a n d  R L P L T .  
u s e d  a r e  I P K P L T ,  N F R ,  NVR, MODEPK, a n d  IDYNAM. 

d a t a ,  c o n v e r t s  
p l o t  t i n  g r o u  ti ne s 
Key p a r a m e t e r s  

S u b r o u t i n e  P L O T  - Ent ry  p o i n t s  PLOT1 and P L O T 2 . -  S u b r o u t i n e  P L O T  g e n e r a t e s  t h e  
p l o t s  of C and  on v e r s u s  t h e  c o r r e s p o n d i n g  i n d e p e n d e n t  v a r i a b l e  d e s i r e d  ( v e l o c -  
i t y ,  a l t i t u d e ,  d e n s i t y ,  dynamic p r e s s u r e ,  o r  g a i n ) .  S u b r o u t i n e s  c a l l e d  a re  S C A L E  and  
l i b r a r y  p l o t t i n g  r o u t i n e s  f o r  g e n e r a t i n g  a x e s ,  d rawing  l i n e s  , l a b e l i n g ,  e tc .  Key 
p a r a m e t e r s  u s e d  are I C O M B I N ,  I D A S H ,  MODEPK, N F R ,  NVR, VORD, VEND, VDEL, NDV, FORG, 
FEND,  F D E L ,  NDF,  GORG, GEND, GDEL,  and  NDG. 

S u b r o u t i n e  R L P L T .  - S u b r o u t i n e  R L P L T  g e n e r a t e s  t h e  r o o t  l o c u s  plot .  I n i t i a l  
p o i n t s  a re  i d e n t i f i e d  w i t h  t h e  mode number, Every 1 0 t h  p o i n t  i s  i d e n t i f i e d  w i t h  a t 
f o r  nonga in  v a r i a t i o n  p l o t s .  Gain p o i n t s  a r e  i d e n t i f i e d  on t h e  g a i n  v a r i a t i o n  p l o t s ,  
which a r e  0, .5, l . ,  a n d  2. times t h e  nominal g a i n  i n c o r p o r a t e d  by i n p u t  i n t o  . S u b r o u t i n e s  c a l l e d  a r e  I U N I ,  SCALE,  and  l i b r a r y  p l o t t i n g  r o u t i n e s  f o r  

g e n e r a t i n g  a x e s ,  d rawing  l i n e s ,  l a b e l i n g ,  etc. Key p a r a m e t e r s  u s e d  are  I C O M B I N ,  
I D A S H ,  MODEPK, N F R ,  NVR, XRLORG, XRLEND, XRLDEL, NDXRL, YRLDRG, YRLEND, YRLDEL,  a n d  
NDYRL. 

S u b r o u t i n e  SCALE.- S u b r o u t i n e  S C A L E  d e t e r m i n e s  a n  a p p r o p r i a t e  power of 1 0  t o  be 
u s e d  f o r  t i c  marks on a x e s  which are 2., 4., 5., or  10.  i n .  i n  l e n g t h  and  r e t u r n s  t h e  
c o r r e s p o n d i n g  scale f a c t o r  r e q u i r e d  t o  s c a l e  t h e  d a t a .  

S u b r o u t i n e  D E L P L 0 T . -  S u b r o u t i n e  D E L P L O T  deletes unwanted sets o f  c h a r a c t e r i s t i c  
roo t  d a t a ,  g e n e r a t e d  by u s i n g  o v e r l a y  PKFLUT,  f rom d a t a  s t o r a g e  f i l e ,  T A P E l .  Key 
parameter u s e d  i s  IPLT2. 
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INPUTS FOR SAMPLE CASES 

Tne 'TWE2 i n p u t s  requi red  t o  g e n e r a t e  t h e  p l o t s  shown i n  f i q u r e s  8 t o  1 6  a r e  
p r e s e n t e d  i n  t h i s  appendix .  These i n p u t s  e x e r c i s e  t h e  major o p t i o n s  o f  STABCAR. 
They a re  p r e s e n t e d  t o  s e r v e  a s  a g u i d e  f o r  u s e r s  t o  f o l l o w  i n  p r e p a r i n g  i n p u t  data. 
Refe rence  s h o u l d  be made t o  t a b l e  I1 f o r  t h e  d e f i n i t i o n s  o f  t h e  i n p u t  v a r i a b l e s .  

Cases 1 t o  4 ( F i g s .  8 t o  1 1 )  

?he i n p u t s  f o r  sample cases 1 t o  4 ( f i q s .  8 t o  1 1 )  a r e  p r e s e n t e d  as a u n i t  i n  
t a b l e  G I .  These cases a re  run  i n  a b a t c h  mode (ICASE < 0 ) .  C a s e  1 ,  which q e n e r a t e s  
t h e  d a t a  f o r  f i q u r e  8, h a s  ICASE = -2. Th i s  means t h a t  TAPE5 ( t a b l e  111) m s t  be 
l o c a l  i n  o r d e r  t o  make t h e  a i r p l a n e  g e n e r a l i z e d  aerodynamic  forces a v a i l a b l e .  I n  
cases 2 t o  4, ICASE = -1 means t h a t  a b a t c h  mode of  o p e r a t i o n  i s  i n  e f f e c t  a n d  a l l  
d a t a  must be o b t a i n e d  from TAPE1 ( t ab le  V ) ,  which w a s  g e n e r a t e d  i n  t h e  p r e v i o u s  case 
and  from TAPE2. N o t e  t h a t  i n  case 3 t h e  a r r a y  S21 ( G  ) h a s  been  s e t  t o  z e r o .  T h i s  

w a s  done because ,  w i t h  IPS = 0 ( t h e  d e f a u l t ) ,  S21  c o n t a i n s  t h e  roots found a t  t h e  
e n d  o f  t h e  l a s t  c a s e  h a v i n q  IFLUT = 1. That  s e t  o f  roots i s  f o r  h = 0 ( h i g h  
dynamic pressure) ,  whereas  case 3 b e q i n s  a t  a low dynamic p r e s s u r e .  S e t t i n g  S21 
t o  zero  res ta r t s  t h e  e s t i m a t i o n  p r o c e s s ;  t h e r e b y  , converqence  d i f f i c u l t i e s  a r e  
a v o i d e d  t h a t  would have o c c u r r e d  s i n c e  S21 i s  u s e d  i n  s t a r t i n q  t h e  m a t r i x  i t e r a t i o n  
(IOPT2 = 1 s e a r c h  f o r  i n i t i a l  estimates. (See a p p e n d i x  D . )  These cases c o u l d  h a v e  
been r u n  i n t e r d c t i v e l y  w i t h  t h e  p l o t s  b e i n g  r e t u r n e d  d u r i n q  job e x e c u t i o n  by making 
ICASE > 0 and  l o a d i n g  LIBFTEK and  T e c h t r o n i x  i n t e r f a c e  p l o t t i n g  r o u t i n e s ,  which 
s u p p o r t  i n t e r a c t i v e  q r a p h i c s ,  o r  t h e i r  e q u i v a l e n t .  

1 2  

Case 5 ( F i g .  1 2 )  

T a b l e s  G I I ,  G I I I ,  and  G I V  c o n t a i n  t h e  i n p u t s  r e q u i r e d  t o  g e n e r a t e  f iqure 1 2 .  

The modal d e f l e c t i o n s  a t  t w o  accelerometer l o c a t i o n s  a r e  needed  t o  implement  
t h e  f l u t t e r  c o n t r o l  l a w .  TAPE10 ( t a b l e  I V )  which c o n t a i n s  t h e  mode s h a p e  d a t a ,  
TAPE5, and  TAPE2 a r e  made local.  For c l a r i t y  a new TAPE2 i s  g e n e r a t e d ;  i t  i s  shown 
i n  t a b l e  G I I .  A l t e r n a t i v e l y ,  one c o u l d  have  mod i f i ed  t h e  i n i t i a l  TAPE2 c o r r e s p o n d i n q  
t o  case 1 .  

The modal d e f l e c t i o n s  de t e rmined  i n  t h i s  r u n  a re  d i f f e r e n c e d  a n d  t h i s  d i f f e r e n c e  
i s  read o n t o  TAPES. None of t h e s e  opera t ions  a r e  shown. Next a r u n  i s  made which  
d e f i n e s  t h e  c o n t r o l  l a w .  The i n p u t s  are  shown i n  table  G I I I .  

A t  t h i s  p o i n t  t h e  u s e r  saves TAPE1 which now c o n t a i n s  t h e  c o n t r o l - l a w  dynamics 
and  s e l e c t e d  s e n s o r  da t a .  T h i s  TAPE1 w i l l  be  employed n o t  o n l y  t o  complete case 5 
b u t  a l s o  a s  p a r t  of t h e  i n p u t  f o r  cases 6, 8, and  9. Table G I V  p r e s e n t s  TAPE2 i n p u t  
r e q u i r e d  t o  comple te  case 5. 'Ihese r u n s  c o u l d  have  been done i n t e r a c t i v e l y  by s e t -  
t i n g  ICASE = 1. Note t h a t  ISCHEDUL ( 3 , l )  = 1 which means t h a t  t h e  s c h e d u l e d  con-  
t r o l  l a w  f ac to r  d e f i n e d  i n  append ix  B and  f i g u r e  7 w i l l  be employed. 
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Case 6 (F ig .  13)  

The i n p u t  r e q u i r e d  t o  q e n e r a t e  f i q u r e  1 3  i s  now shown. The TAPE1 employed i s  
as  i t  e x i s t e d  p r i o r  t o  making t h e  l a s t  two r u n s  i n  case 5. Thus, t h e  a i r c r a f t  i s  
modeled i n c l u d i n g  t w o  r i g i d - b o d y ,  s i x  e las t ic ,  a n d  one  c o n t r o l  mode, t h e  c o r r e s p o n d -  
i n g  s e n s o r  d e f l e c t i o n s ,  and  t h e  d e f i n i t i o n  of t h e  f l u t t e r  s u p p r e s s i o n  sys t em c o n t r o l  
law. ICASE i s  s e t  t o  +1 i n  a n y  c o n v e n i e n t  TAPE2. For ICASE = +1 none o f  t h e  res t  
o f  TAPE2 i s  employed. The v a l u e s  of a l l  p a r a m e t e r s  are c o n t a i n e d  on t h e  TAPE1 which 
must be l o c a l .  The i n t e r a c t i v e  s e s s i o n  then  p r o c e e d s  as  shown i n  t a b l e  GV. 

Case 7 (F ig .  1 4 )  

The i n t e r a t i v e  s e s s i o n  d u r i n g  which f i g u r e  1 4  w a s  g e n e r a t e d  i s  shown i n  
t ab le  GVI .  T h i s  f i g u r e  shows t h e  e f f e c t  of p h a s e  e r r o r s  i n  t h e  c o n t r o l  sys t em upon 
t h e  e l a s t i c  mode g a i n  root loci .  The TAPE1 c r e a t e d  i n  case 6 i s  employed as  t h e  
p r imary  s o u r c e  of i n p u t .  Three r u n s  are made. The f i r s t  t w o  of t h e s e  r u n s  d e t e r -  
mine s t a b i l i t y  c h a r a c t e r i s t i c s  by u s i n g  t h e  p-p method a f t e r  p h a s e  e r r o r s  have been 
i n t r o d u c e d .  'Ihe t h i r d  r u n  combines t h e  r o o t  l o c i  p l o t s  from t h e s e  two r u n s  w i t h  
p h a s e  e r r o r s  w i t h  t h e  c o r r e s p o n d i n q  p lo t  from c a s e  6 which had  n o  phase  e r r o r s .  

C a s e  8 (F ig .  1 5 )  

F i q u r e  15  p r e s e n t s  g a i n  r o o t  l o c i  f o r  t h e  c o n t r o l - l a w  p o l e s  (see f i q .  7 )  a n d  o n e  
o f  t h e  open-loop a c t u a t o r  p o l e s  ( s  = -401 rad/sec). The l o c i  a r e  shown a t  t h e  open- 
l o o p  f l u t t e r  p o i n t  f o r  mble G V I I  shows t h e  i n t e r a c t i v e  s e s s i o n  which 
c r e a t e d  t h e  f i g u r e .  The TAPE1 saved  p r i o r  t o  r u n n i n g  t h e  l a s t  two segments of  c a s e  5 
is  t h e  p r i m a r y  s o u r c e  o f  i n p u t .  M o d i f i c a t i o n s  are made w i t h  t h e  TAPE2 shown a t  t h e  
top of t h e  table. 

NMa = 0.86. 

The i n i t i a l  segment  of t h i s  s e s s i o n  traces one e l a s t i c  r o o t ,  mode 8, one a c t u a -  
to r  root ,  mode 13,  a n d  t h r e e  c o n t r o l - l a w  r o o t s  f rom z e r o  g a i n  t o  a q a i n  of  0.07. !&e 
s c h e d u l e d  p o l e  i s  n o t  traced because  t h i s  denominator  i s  n o t  c l e a r e d  and, f o r  a g a i n  
of z e r o ,  would r e s u l t  i n  d i v i s i o n  by z e r o  i n  e q u a t i o n  ( 2 ) .  Xate t h a t  1QMrJL.T = 1 i n  
TAPE2 which means t h a t  t h e  nonscheduled c o n t r o l - l a w  denominator ,  a c t u a t o r  denom- 
i n a t o r ,  a n d  s e n s o r  denomina to r s  a r e  c l e a r e d  i n  e q u a t i o n  ( 2 ) .  The c a r d  image c o n t a i n -  
i n g  t h e  t h r e e  z e r o s  te l ls  t h e  program, when IPKPLT = 1 ,  t h a t  no p l o t s  are  t o  be 
g e n e r a t e d  i n  t h i s  i n i t i a l  b a t c h  ( ICASE = - 1 )  run .  This f i r s t  segment i s  g e n e r a t e d  
k n m i n g  i n  advance t h a t  a series of r u n s  w i l l  be r e q u i r e d  w i t h  t h e  r e s u l t i n g  p l o t s  
combined i n t o  one compos i t e  p l o t .  The mode number i d e n t i f i e r s  ( f i g .  1 5 )  are o n l y  
p l a c e d  on t h e  f i r s t  p l o t  set .  Consequent ly ,  one p l o t  s e t  - t h e y  can  be  p l o t t e d  i n  
a n y  order - s h o u l d  c o n t a i n  a l l  t h e  modes s t a r t i n g  from t h e  i n i t i a l  v a l u e  of  t h e  i n d e -  
p e n d e n t  variable. The +1 e n d i n g  TAPE2 makes ICASE > 0 s o  t h a t  t h e  i n t e r a c t i v e  mode 
of o p e r a t i o n  i s  invoked.  

A series of i n t e r a c t i v e  r u n s  are made t o  g e n e r a t e  t h e  q a i n  l o c i  by u s i n g  t h e  
p-k method. Note t h e  f i r s t  i n t e r a c t i v e  r u n  where I P S  = 1. This  v a l u e  f o r  I P S  means 
t h a t  t h e  i n i t i a l  estimates a t  t h e  s t a r t  of t h e  l a s t  e x e c u t i o n  w i t h  IFLUT = 1 w i l l  
be employed as i n i t i a l  estimates i n  t h e  c u r r e n t  run.  Note a l so  t h e  r u n s  where 
r o o t  1 2  is b e i n g  d e t e r m i n e d  as a f u n c t i o n  of  ga in .  T h i s  i s  a n  i l l u s t r a t i o n  of t h e  
c a s e  where t w o  r ea l  r o o t s  combine t o  form a complex p a i r .  The n e x t  t o  l a s t  r u n  i s  a 
b a t c h  r u n  where r o o t s  1 1  a n d  1 4  are found w i t h  t h e  p-p method. F i n a l l y ,  t h e  l a s t  
case combines t h e  p l o t  sets t o  form figure 15. 
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Case 9 (F ig .  1 6 )  

The i n p u t s  r e q u i r e d  t o  g e n e r a t e  f i g u r e  16  a r e  shown i n  t a b l e  G V I I I .  F igu re  1 6  
i s  a n  open-loop l o c u s  of t h e  s h o r t  p e r i o d  r o o t  w i t h  a l t i t u d e .  Three i n t e r a c t i v e  r u n s  
are made. The T A P E 1  g e n e r a t e d  i n  c a s e  2 i s  made I n c a 1  2nd ICASE is set t o  +i i n  a 
I ' W L L .  'lhe f i r s t  two runs  o b t a i n  t h e  r o o t  l o c u s  € o r  t h e  p-k and t h e  p-p method. The 
t h i r d  run  combines t h e  two p l o t  sets t o  produce f i g u r e  16. 
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T A B L E  GI.- INPUT FOR SAMPLE CASES 1 TO 4 

-2 
C A S E  1. P-PLANE F T T  AND AERODYNAMIC FORCES P L O T S .  ( F I G  8) 
$ I N P U T  W=16 , N R = 2  , N C = 4  , I C S A C T = l  , N K = 1 2  ,KFTT=2, 
T S P L A N E = 3 , N C O E F = 7  ,NKK( 1 ) = 2 * 5 , T C O F (  l , l ) = O , O ,  1 , O , l  , J C O F ( 1 , 2 ) = 1 , 1 ,  
NC0L(1)=0,BN(1.1)=0.0939.0.188.0.2816.0.376. 
C S U R F E F (  3j= 1. , T S E L E C P  1,  f A P L P  1 ,C= . S 9 6 1 3 8 ,  
MODEA( 3,3)=1 ,MODEA( 5 ,3)=1 ,MODEA( 8 ,3 )=1 ,  
MODEA( 3 ,!I)= 1 ,MODEA( 5 , 5 ) = 1  ,?ZODEA( 8, 5 ) =  1 ,  
MODEA(3,8)=1,MODEA(5,8)=l,MODEA(8,8)=1, 
M O D E A ( 3 , 1 5 ) = 1  ,MODEA( S , 1 5 ) = 1  , M O D E A ( 8 , 1 5 ) = 1 $  
$ S E L E C T  NMODES=9,NRNEW=2,NCNEW=l,NOC(l)=1,2,3,4,5,6,7,8,15$ 
-1 
C A S E  2. O P E N  LOOP S T A B J L I T Y  C H A R A C T E R I S T I C S  V E R S U S  A L T I T U D E  
$ I N P U T  TAPLT=O,ISPLANE=O,IFLUT=1,NV=60,ICSACT=1, 
T S E L E C P - 1 ,  
DV=O. 5 , H O = 3 0 .  ,KVAR=2 , E P S I =  
XMACH=O .86 , C O N F A C 1 = 3 . 2 8 0 8 4  , C O N F A C 2 = 3 2 8 0 . 8 4  , C O N F A C 3  

, N C U P 2  5 , N F I N E = 4  , I DAMP= 2 N I P 2 6  
T O P T Z = l  , I P R I N T = S  , I P K P L T = - 3  ,MODEPK( 
VORG=O . ,VEND=30. , V D E b  10 , N D V = 1 0  
F O R G O  , F E N D = 6 0  , F D E L = 2 0  , N D F = 4  
GORG=-1. , G E N D = l  .O , G D E L i O .  5 , N D G 5  
XRLORG=-300.  , X R L E N D = 1 0 0 .  , XRLDEL= 100. , N DXRL= 5 
Y R L O R G O .  , Y R L E N P 4 0 0 .  , Y R L D E P 1 0 0 .  , NDYRL=4 

$ S E L E C T  NMODES-8 ,NRNEW=2 ,NCNEW=O ,NOC( 1)=1,2,3,4,5 , b  ,7,8$ 
-1 

' 

I T R A C E (  1)=8*1 $ 

. E - b ,  
515.3787, 

) = 8 * 1  , 

C A S E  3. O P E N  L O O P  C H A M C T E R I S T I C  R O O T S  V E R S U S  D E N S I T Y , D V = 0 . 0 2 5  ( F I G  10) 
$ I N P U T  N V = 2 8  , D V = 0 . 0 2 5  , R H 0 0 = 0 . 0 5  , V 0 = 2 6 9 . 6 4  , S 2 1 = 2 5 * ( 0 , 0 ) ,  
KVAR= 3 , V O R G O . O  , V E N D = 0 . 8 0  , V D E b 0 . 2 0  , 
NDV= 10 , G O R G - 0 . 2  ,GEND=O.6  , G D E L = 0 . 2  , 
N D G  10 ,XRLORG=-120 ,XRLENB20 ,XRLDEI ; -20  , 
NDXRL=4 $ 
-1 
C A S E  4. O P E N  L O O P  S T A B I L I T Y  C H A R A C T E R I S T I C S  V E R S U S  DYNAMIC PRESSLIRE.  ( F T C ,  11) 
SINPUT JFiiiT=O,IC'iAR=-? ,Vf2RC=n, ,VFND=3000P.. V D F L = 5 0 0 0 . ,  N D V = 1 0  $ 
0 

TABLE G I 1  .- MODAL DEFLECTIONS AT ACCELEROMETER L O C A T I O N S  

-2 
C A S E  5A.  MODAL D E F L E C T I O N S  A T  ACCELEROMETER L O C A T I O N S  
$ I N P U T  NM=16 , N R = 2  , N C = 4  , N S = Z , I F L U T = O  , I P K P L T = O ,  
I S E N S B  1, I N T E W -  1 ,  Ism= 1 ,NPMX=bO, T P L A T E (  1 )= 1, 
N S E C T N S = 3  , N N O D E S = 1 0 0  , I S S (  1 , 1 ) =  1 ,60 ,6  1 , 9 2 , 9 3 , 1 0 0 ,  
X C G = 6 . 7 1 5 7 6  , X O  ( 1 ) = 6 . 4 4 7 0  ,O. 0 , 9 . 1 3 2 8 , Y O  ( 3 ) = .  25 15, 
R 0 ( 1 ) = 1 .  7 7 9 9 , l .  570796, .  5 1 7 5  $ 
S S E N L O C  XS(l)=7.1438,7.3363,YS(1)=2.083,2.134, 
I T Y P E ( l ) = l , l , N S S ( l ) = l , l  $ 
0 
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TABLE G I I 1 . -  SELECTION OF SENSOR DATA AND DEFINITION OF CONTROL LAW 

-2 
CASE 5K. SELECTTON OF SENSOR DATA, AND DEFINTTTON OF CONTKOL L A W .  
$INPUT N?I=16,NR=2,NC=4,TCSACT=l,NK=12,KFTT=2,NS=I, 
~SPLANE=3,NCOEF=7,NKK(1)=2*5,TCOF(1,1)=O,0,1,0,1,TCOF(1,2)=1,I, 
KCOL(1)=0,BN(1,1)=0.0939,0.188,~.28l6,0.376, 
CSURFEF(3)=l.,TSELECTSl,TAPLFO,C=.596138, 
bIODEh( 3 , 3 ) = 1  ,MODE!\( 5 , 3 ) =  1 ,MODEA(X , 3 ) = l ,  
YODEA( 3 , 5 ) =  1 , MODEA( 5 , 5 ) =  1 , MODEA( 8 , 5 ) = 1 ,  
MOI)EA( 3 , a ) =  1 ,MODEA( 5 , 8 ) =  1 ,MOL)EA( 8,8)= 1, 
MODEA( 3 , 1 5 ) =  1 ,MOI)EA( 5 , 1 5 ) =  1 ,NODELI(  8 , 1 5 ) =  1 ,  

XMACH=O .86 ,CONFAC1=3.28084 ,CONFAC2=3280.84 ,CONFAC3=515.3787, 
NTT=26 

,MOI)EPK( 1)=8* 1 , TOPT2= 1 , I PRI N P 5  , T PKPLP-3 

DV=0.5 ,NV=1 ,H0=4.572 , KVAR= 2 , EP s T =  1 . E-6 , 

,NCUT=2S ,NFTNE=4 , T  DA?IP=2 

V O K G O .  , VEND=30. , V DEL= 10 , ~ ~ v = i n  
FOKGO , F E N B  6 0 , F DEL= 2 0 ,NDF=4 
GOKC=- 1.  , G E N D =  1 .0 , GI)EL= ( I .  5 ,NDG=5 
XRLORG-300. ,XRLENB 100.  , XKLDElr 100. , N D X K L =  5 
YKLORG-0. , Y KLEND=4UO. , Y KLDEL= 1 0 0. ,NDYRL=4 , 
TTKACE( 1 )=8* 1 , 
ICONSYS=I ,GN(3,1)=0. , TSCHDUL(3,1)=1, 
ISENSE=O ,TFLUTSO ,IPKPLT=O ,TNTEKP=U , ISYM=1 ,NPMX=hO ,TCSKEABl, 
NSECTNS=3 , NNODES= 1 0 0  , 
X C G = 6 . 7 1 5 7 h , X O ( l ) = h . 4 4 7 0 , 0 . 0 , 9 . 1 3 2 8 ,  
Y O  (3)=0.2515 ,KO( I ) = 1 . 7 7 9 9 , 1 . 5 7 0 7 9 6 , .  5 175  S 
SSENLOC XS( 1)=7.1438,7.3363,YS( 1)=2.083,2 .134 ,  
TTYPE(I)=I,I  , N S S ( I ) = I , I  $ 

3 1  
$ F T LTT N 1 F I LTEK= 6 , h , 6 , h , I , 
A V N (  1 , 1 ) = 2 5 O .  ,AE'I)( 1,1)=25O. , I . ,  
RFN( 1 , 2 ) = 2 . 0 7 9 6 5 , 2 2 0 .  , I .  ,AFl)( 1,2)=2.704E5,400. ,1 . ,  
AFN(1,3)=7.841hE4,40.,1. , A F U ( 1 , 3 ) = 7 . 8 6 1 2 E 4 , 1 0 0 . , 1 . ,  
AFN( 2,4)=-1.1554 ,AFI)( 1 , 4 ) = 2 . ,  I .  $ 

I SS( 1 , I  ) =  1 ,hO, 6 1 , 9 2 , 9 3 , 1 0 0 ,  TPLATE( 1 ) = I  , 

S S E N I N P  TSI)YN=O , I O K I ) ( I ) = Z  s 

n o 
SACTINP TACT(3)=1,AACTN(1,7)=6.583E14, 
MCTD( 1,3)=6.583E14 ,2.34HE12 ,2.9939E9,3.607Eh, 1.7373B3, I .  
$SELECT NMODES=9,NRNEW=2 ,NCNEW=l ,NOC( 1 ) = 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 1 5 $  
0 

$ 

TABLE G1V.- INPUT FOR SAMPLE CASE 5 

-1 
CASE 5C. OPEN LOOP STARTLITY VERSUS VELOCTTY ( REDUCED ORDER MODEL, FTGUKE 1 2 A )  
$INPUT TSELECF-1 ,TCSKERI)=O,KVAR=l ,IFLUT=I ,ISPLANE=O, 
KHOO=U. 6 10 1, VO= 50. , NV=7 5 ,  DV=4, TAPLF0 , TPS=O , S L T = 2  5" (0,O) , 
TPKPLTz-3 , V O K G O .  ,VENU=350,VI)EL=50., 
NDV=10 ,COKCF-I . ,GENE= 1 .O ,GI)EI.=O. 5 ,  N D G  5 
$SELECT NMOL)ES=4 ,NKNEW=O ,NCNKW=l , N O C (  1 ) = 3 , 5 , 8 , 1 5  $ 

$ 

-1 
CLOSEI) LOOP STAHILTTY VS VELOCITY (KEI)UCEI) O K D E K  MODEL, FIGURE 128)  

$INPUT G N (  3 , l  ) = I .  , V0=50., I PS=O, S21=25* (0,O) $ 
0 
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TABLE GVII1.-  INTERACTIVE EXECUTION OF SAMPLE CASE 9 

7 1  

2 CASE 9 LOCUS OF SHORT PERIOD ROOT WITH ALTITUDE ( P - K ,  FIGURE 16) 
TYPE IN TITLE 

TYPE IN /INPUT/ 
' SINPUT ISPLANE=O,IFLUT=l,IPKPLT=-l,KVAR=2,HO=l6,DV=l,NV=lO,IPRINT=lO, 
9 ITRACE=O,1,6*O,IOPT2=1S 
1 DETERMINATION OF STAB1 LITY CHARACTER1 STI CS - -  )STABCAR<-- DATE 83 / 09 I 1  2 
TIME 1 1  33 04 
CASE 9 LOCUS OF SHORT PERIOD ROOT WITH ALTITUDE ( P - K ,  FIGURE 16) 
MACH X =  8600 

FIELD LENGTH-OVERLAY(4, 0 )  IS 104264 P - K  FLUTTER ANALYSIS 
INITIAL ROOTS DETERMINED BY MATRIX ITERATION 

FIELD LENGTH INCREASED T O  104320 
lTHIS CASE IS FOR 

AN INITIAL DENSITY OF 1664707E+00 
AN INITIAL VELOCITY OF 2537597E+03 
AN INITIAL ALTITUDE OF 1600000E+02, AND 
AN INITIAL DYNAMIC PRESSURE OF 5359857E+04 

DO NOT TRY T O  DETERMINE ROOTS CORRESPONDING T O  GAIN SCHEDULING DENOMINATORS 
FOR GAINS=O 

0 INITIAL s1 52 
MODE 

2 (  - 33806443E+OO, 29525551E+01) ( - 34147922E+OO, 2982 
3789E3+01) 

X -  ITER ROOT NBR ALTITUDE ZETA OMEGA-N 
ROOT PRESSURE 

2 2 1600000E+02 1137569E+OO 4777617E+00 ( 

4 2 6000000E+01 2078029E+00 9194466Et00 ( 

- 3414830E+00, 2982379E+01) 5359857E+04 

- 1200489E+Ol, 5650944E+Ol) 2444549E+05 
CURRENT PLOT TITLE IS 

CASE 9 LOCUS OF SHORT PERIOD ROOT WITH ALTITUDE ( P - K ,  FIGURE 16) 

HIT RETURN OR TYPE SAME, IF O K ,  OTHERWISE TYPE IN NEW TITLE 
' SAME 
DO YOU WISH T O  GENERATE PLOTS OF STABILITY CHARACTERISTICS AT THIS TIME' 
' 0  

C ONT I NU E 
' 1  

' CASE 9 LOCUS OF SHORT PERIOD ROOT WITH ALTITUDE ( P - P , F I G U R E  16) 
TYPE IN TITLE 

TYPE IN /INPUT/ 
' SINPUT I S P L A N E = l , I P S = O , S l I = 2 5 * ~ O , O ~ , S 2 I ~ Z ~ * ~ O , O ~ , I O P T 2 = 1 S  
1 DETERMINATION OF STABILITY CHARACTERISTICS --)STABCAR(-- DATE 83/09/12 
TIME 1 1  4 4  53 
CASE 9 LOCUS OF SHORT PERIOD ROOT WITH ALTITUDE (P-P,FIGURE 16) 
MACH X =  8600 

P - K  FLUTTER ANALYSIS FIELD LENGTH-OVERLAY(4,O) IS 101750 
INITIAL ROOTS DETERMINED BY MATRIX ITERATION 

UNSTABLE ROOT 

FIELD LENGTH INCREASED T O  102004 
lTHIS CASE IS F O R  

AN INITIAL DENSITY OF 1664707E+OO 
AN INITIAL VELOCITY OF 2537597E+03 
AN INITIAL ALTITUDE OF 1600000E+02, AND 
AN INITIAL DYNAMIC PRESSURE OF 5359857E+04 
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TABLE GVIII a- Concluded 

nn N C T  T!?V TZ "UTERflINE ROOTS CORRESPONDING TO GAIN SCHEDULING DENOMINATORS 
FOR CAINS=O 

0 INITIAL si S 2  
MODE 

Z (  - 41972234E+00. 27741750E+01) ( - 42396196E+00, 2802 
1970E+01) 

#-ITER ROOT NBR ALTITUDE ZETA OMEGA-N 

4510590E+00 
ROOT PRESSURE 

( 1495938E+00 1 2 1600000E+02 
- 4239619E+@O, 2802197E+01) 5359857E+04 

- 1613783E+01, 51590@8E+01) 2444549E+05 
CURRENT PLOT TITLE IS 

3 2 6000000E+01 2985435E+00 8603155E+00 ( 

CASE 9 LOCUS OF SHORT PERIOD ROOT WITH ALTITUDE (P-P,FIGURE 16) 

HIT RETURN OR TYPE SAME, I F  OK. OTHERWISE TYPE IN NEW TITLE 
' SAME 

DO YOU WISH T O  GENERATE PLOTS OF STABILITY CHARACTERISTICS AT THIS TIME' 
' 0  

CONT I NUE 
' 1  

' CASE? LOCUS OF SHORT PERIOD ROOT WITH ALTITUDE (FIGURE 16) 
TYPE IN TITLE 

TYPE IN /INPUT/ 
3 SINPUT IFLUT-0,IPKPLT-15 
1 DETERMINATION OF STAB I L ITY CHARACTER1 STI CS - -  )STABCAR ( - -  DATE 83 I 0 9  I 1  2 
TIME 1 1  5 0  35 
CASE? LOCUS OF SHORT PERIOD ROOT WITH ALTITUDE (FIGURE 16) 
MACH x =  8600 

DO YOU WISH T O  GENERATE PLOTS OF STABILITY CHARACTERISTICS A T  THIS TIME' 
' 1  
PLOT SET TYPE OF VARIATION x MODES PLOT TITLE 

1 ALTITUDE 8 OPEN LOOP STABILITY CHARACTERISTICS VER 

2 ALTITUDE 1 CASE 9 LOCUS OF SHORT PERIOD ROOT WITH 

3 ALTITUDE 1 CASE 9 LOCUS OF SHORT PERIOD ROOT WITH 

SUS ALTITUDE,DV=O 5 (FIG 9) 

ALTITUDE (P-K, FIGURE 16) 

ALTITUDE (P-P,FIGURE 16) 
" TYPE IN NUMBER OF PLOT SETS TO BE PLOTTED," 
8 1  CORRESPONDING PLOT SET n o s ,  AND WHETHER TO COMBINE THEM" 

' 2  
2 3 1  
CURRENT PLOT TITLE IS 
CASE9 LOCUS OF SHORT PERIOD ROOT WITH ALTITUDE (FIGURE 16) 
HIT RETURN OR TYPE SAME, IF O K ,  OTHERWISE TYPE IN NEW TITLE 

TYPE IN /PLOTPI -KVAR,IDASH,MODEPK, ETC FOR PLOT SET # 2 
' SAME 
' SPLOTP I D A S H = @ , X R L O R G = - 2 , X R L E N D = O , X R L D E L = l , N D X R L = 2 ,  
' Y R L O R G = O , Y R L E N D = 6 , Y R L D E L = 2 , N D Y R L = 4 S  

FIELD LENGTH OVERLAY(5,O) IS 077256 PK FLUTTER PLOTS 
TYPE IN /PLOTP/ -KVAR,IDASH,MODEPK, ETC F O R  PLOT SET # 3 
' SPLOTP IDASH=iS 

FIELD LENGTH OVERLAY(5,O) IS 077256 PK FLUTTER PLOTS 
" DO YOU WISH T O  CONTINUE PLOTTING' (110)'' 

' 0  

CONT I NUE 
' 0  
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TABLE I.- OUTLINE O F  DATA ON TAPE2 AND/OR TAPE3 ( I N P U T )  

S e t  

1 

2 

D a t a  type When required V a r i a b l e  or 
name li s t name 

( a )  ICASE Free-f i e l d  i n t e g e r  

( a  1 HEADER E i g h t - w o r d  ( A 1 0 1  alphanumeric a r r a y  

(a) I $INPUT.. .$ 1 N a m e l i s t  
3 1  

4 

5 

6 

7 

I S E N S E  = 1 SSENLOC.. .$ N a m e l i s t  

ICONSYS = 1 & I C A S E  = f2 $SENINP. . .$  N a m e l i s t  

ICHSEN = 1 & ICASE = f 1  

ICONSYS = 1 & I C A S E  = f2 I & J  Free-f i e l d  in tegers  

I C H F I L  = 1 & I C A S E  = f l  

or 

or  

ICONSYS = 1 & I C A S E  = +2 $FILTIN. . . $  N a m e l i s t  
o r  

I C H F I L  = 1 & I C A S E  = f l  

8 ICONSYS = 1 & I C A S E  = f 2  
or 

ICHACT = 1 & I C A S E  = f1 

9 I S E L E C T  f 0 

10 I D E L P L T  f 0 

11 I P K P L T  > 0 

1 2  I P K P L T  > 0 

~ 

13 I P K P L T  > 0 

1 4  I P K P L T  > 0 & ICOMBIN = 1 

$ACTINP.. .$ N a m e l i s t  

$SELECT..  .$ N a m e l i s t  

I P L T 2  ' Free-field in t e r Je r  a r ray  

ICOUNT Free-f i e ld  integer  

IPLT Free-f ie ld  i n t e g e r  array 
( S i z e  = ICOUNT) 

ICOMBIN Free-f i e l d  i n t e g e r  

P T I T L E  E i g h t - w o r d  ( A 1 0 )  a l p h a n u m e r i c  array 

R e p e a t  sets 10 t o  16 a s  des i red ,  te rmina te  w i t h  I O P  = 0 

R e p e a t  sets 1 t o  1 6  as desired for  each case, end w i t h  I C A S E  = 0 

1 5  

a R e q u i r e d  i n  a l l  cases. 

I P K P L T  < 0 I $PLOTP.. .$ N a m e  l i s t  
1 
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TABLE 11.- DESCRIPTION OF TAPE2 INPUT D A T A  

N a m r  11s t 

+ I N P I I T  

When required  

xlways 

Always  

:CASE = _+2 

Alqehraic 
v a r i a b l e  

I 

FORTRAN v a r i a b l e  

ICASE 

= f_2  

= tl 

= o  

I4ERL)EH 

NM 

N H  

N(' 

NK 

Nl: 

o r s c r i p t i o n  

I n t e q e r  i n d i c a t i n q  t y p e  o f  case t o  b e  r u n  
( I n i t i a l i z a t i o n  o r  c o n t i n u a t i o n )  a n d  which 
v e r s i o n  o f  proqram i i n t e r , > c t i v r  o r  n o n l n t e r -  
a c t i v e )  t c  I n v o k e .  

I n l t l a l l z a t l o n  case. A l l  d a t a  are  ( r e l l n i t i a l -  
i z e d  hy n a m e l i s t  and o p t i o n  p a r a m e t e r s  from 
TAPE% a n d  a l l  a r r a y  d a t a  ( s u c h  a s  a e r o d y -  
namic-, qeneralized masse-, a n d  mode s h a p e s )  
f r o m  TAPES a n d  TAPElO.  

C o n t i n u a t i o n  (-.%SF.. C ~ s e  h r i n q  r u n  will use 
d<st,* p r c v i o u - l y  s t o r r d  o n  TAPEl, d a t a  StorBqC 
f i  11. cre, i tr i i  a n d  used by proqram d u r i n q  
e x e c n t ~ o n .  Chanqrs  o n l y  t o  n a m r l l s t  and 
n p t i  o n  p a r a m e t e r s  a r e  rend-, n f r o m  k r y h o a r d  
i f  IC'ASE = +1 and from TAPE2 i f  - 1 .  ChanqPs 
t k ,  drr .ry  d a t a  ,are made a c c o r d i n q  t o  ISELECT. 

EXC(.,I t 1 0 "  s topp(1,i. 

A l p h a n u w r l c  d e s c r i p t i o n  of c a s e  h e i n q  r u n .  

T o t a l  number o f  modes: r i q l d ,  rlastlc, dnii  
r o n t r u 1 .  

N i t m h e r  of r i q l d - h o d y  modrs ( s t % ?  s e i - t l u n  011 

" s n s o r  i n p u t  d e f i n i t i o n s "  1. 

Numhrr o f  cn r t r ,> !  modes. 

R u m h e r  o f  reduccd t r r q u r n c i r s  , it  w h i c h  d ~ r o d y -  
n a m i c  d a t a  h a w  hct,n computx-d. 

hbmbrr of qust forces  L n c l n d P d  as column. ;  ~n 
a r r o d y n a r m c  a r r a y  I n p u t .  P r o v i s i o n  h a s  been 
made t o  read-in ae rodyndmic  m i s t  force.; which 
may b e  i n c l u d e d  a s  a d d i t i o n a l  ( N G l  c o l u m n s  in 
ae rodynamic  d a t a .  ' Ihese d a t a  are n o t  used by 
t h e  proqram. i c e f a u l t  = 01 

Number o f  sensors.  ( k f a i l l t  = 0 )  



TABLE 11.- Con t inued  

l a m e l i s t  

INPUT 

When r e q u i r e d  

CASE = +2 

Alqe b r a i  c 
v a r i a b l e  

b or c 

' 4 a  

FORTRAN v a r i a b l e  

CSllRfEF I I )  

C 

m A C H  

KFIT 

= +1 

= t 2  

= k3 

I S T I F F  

= o  

ISPLANF 

= o  

= 1  

= 2  

- 3  

INTFRP 

= 1  

= f l  

D e s c r i p t i o n  

lode1 d e f i n i t i o n  a r r a y s  are r e a d - i n  f rom TAPEl 
( a  data s t o r a g e  f i l e  c r e a t e d  a n d  u s e d  by p r o -  
qram d u r i n q  e x e c u t i o n ) .  These  d a t a  r e p r e s e n t  
modpl  as i t  was a t  e n d  o f  p r e c e d i n q  cas?,  
i n c o r p o r a t i n q  any modal a n d / o r  f r e q u e n c y  
s e l e c t i o n s  u p  t o  t h a t  p o i n t .  New modal a n d /  
o r  f r e q u e n c y  s e l e c t i o n s  are f r o m  t h i s  input. 

lode1 d e f l n i t i o n  a r r a y s  d i l l  n o t  br a l t e r e d  f o r  
t h i s  case. ( D e f a u l t )  If ICASE = t l ,  t h e  
a r r a y s  w i l l  b e  p r e c i s e l y  t h o s e  i n  e f f e c t  a t  
t h e  end o f  t h e  p r e c e d l n q  case.  

I u l t i p l i e r  which m o d i f i e s  column o f  aerodynamic 
f o r c e  matrices c o r r e s p o n d i n q  t o  i t h  control 
mode. h e  m u l t i p l i c a t i o n  i s  only per fo rmed  
w h e n  ICASE = +_2 o r  ISELECT > 0. 
( D e f a u l t  = 1 . 0 )  

leference chord l e n q t h  

l a c h  number a t  which aerodynamlc forces  W e r e  

q e n e r d t e d .  

rype of t i t  t o  br employed when i n t e r p o l d t i n q  
i n p u t  aerodynamic f o r m  4ata t o  o b t a i n  aero- 

l lsrd when  ISPLANF = 0.  Whpn KFIT < 0 ,  
t h e  i n t e r p o l a t i o n  1- f o r  R e ( ? ( k l )  and 
p '  !k\ k e P  S P C t l " "  " u n s t e a d y  a e r u a y n a m i r  
f o r r e S "  1. 

:Linear f l t .  

a a d r a t i c  f i t .  ( D e f a u l t )  

X h i c  f i t .  

I n t e q e r  i n d i c a t i n q  how s t i f f n e s ~  m a t r i x  i s  

fcrc-s at d Part lcrr l . i r  f r e q u P n r y .  ~ 

o h t a l i l e a .  

r o m p u t r  d i a q o n a l  s t i f f n e s s  matrix: 
KI1 = M l l ( 2 T [ r N ,  1'. ( ? e f l U l t )  

V a < - l ?  f h l l  c t l f f n e q s  matrix. 

I n t r q P r  i n , i i c . i t i n q  whpt r i r r  t o  cmplux- F ;?a?- 
a p p r o x i m d t i a n s  to a ~ r o d v n a m l c s .  f u r i c t l o n s  
n s r d  f o r  t h i s  f i t  have t h r  f o r m :  

DO n o t  compute or use p - p l a n p  f i t .  ( % f a u l t )  

mploy p-plan-  curve f i t ,  u s i n q  c o e f f i c i e n t s  
whlch have h e e n  ; ' r e v i o u s l y  computed a n d  
s t o r e d  o n  TAPEl. 

Compute a n d  employ p - p l a n e  a p p r o x i m a t i o n s  f o r  
f u l l  s e t  of ae rodynamlcs  f r o m  TAPES, 
r e w i n d i n q  TAPE5 a u t o n a t i c a l l y .  

Compute anti  employ p -p lane  a p p r o x i m a t l o n s  f o r  
s e l e c t e d  se t  o f  aerodynarmcs f r o m  'rAPE1.  

Cornpnte a n d  s t o r e  geometric C o r f f I c l e n t s .  u sed  
when compiitlnq s e n i o r  , ief  l e c t i o n s  f o r  p l a t e -  
t y p e  s r c t 1 a n s .  

Do n o t  compute.  

' I n d i v i d u a l  p a r a m e t e r s  a r e  o p t i o n a l  i f  d r f a u l t  v a l u e s  a r c  a c c e p t a b l e .  

9 7 



Name 1 LS t 

+ I N P ~ J I .  

A l q e h r a l c  
variable 

'ORTRAN v a r i a b l e  
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TABLE 11.- Cont inued  

i a m e l i s t  when r e q u i r e d  

SPLANE f 0 

A l q e h r a l c  
v 6 r i a h l e  

ORTRAN v a r i a h i i  

= t 2  

= i3 

= o  

DELPLT 

= 1  

= o  

lC0EF 

4POLYC ( J I 

3N (L, Jl 

NKK(J) 

NCOL( J) 

= N  

= o  

ICOF(N, ,l) 

= o  

> o  

1 C O F L l . J )  = 1 

ICOF(2 , J )  = 1 

ICOF(3.J)  = 1 

ICOF(4 , J )  = 1 

ICOF(5,J) = P i  

ICOF(6 , J )  = 1 

D e s c r i p t i o n  

e n e r a t e  p l o t s  o f  5 and  o versus velocity, 
a l t i t u d e ,  
d u r i n g  r o o t  d e t e r m i n a t i o n  (or c o r r e s p o n d i n g  
dynamic p r e s s u r e  i f  KVAR < 0) or v e r s u s  g a i n  
i f  ISAIN = 1 d u r i n q  r o o t  d e t e r m i n a t i o n .  

e n e r a t e  b o t h  ( S , w  I and r o o t  l o c i  p l o t s .  

o n o t  q e n e r a t e  any c h a r a c t e r i s t i c  root 

o r  d e n s i t y  de&nding  upon KVAR 

p l o t s .  ( D e f a u l t )  

e l e t e  unwanted c h a r a c t e r l s t l c  rwt d a t a  used 
f o r  p l o t t i n g  from d a t a  s t o r a q e  f i l e  TAPEl. 

b n o t  d e l e t e  anv d a t a .  

umber of  c o e f f i c i e n t s  d e s i r e d  c u r r e n t l y  f o r  

Maximum = 10. 

hlmher of  po lynomia l  c o e f f l c l e n t s  I n  p-p lane  
f i t  o f  j t h  column o f  ae rodynamic  f o r c e s .  
( D e f a u l t  = 3) 

p-p lane  f i t ,  i n c l u d i n q  r a t l o n a l  t e r m  
p / ( p  + b a j ) .  

' o n s t a n t  d rnomina to r  c o e f f i c i e n t  ~n I t h  
p / ( p  + b ) c o r r e s p o n d l n q  t o  j t h  column mode. 
I f  same 5 J l u e s  of h 
o n e  mode, t h e y  s t i l ? j n a e d  o n l y  he i n p u t  oncc. 
See d e f i n i t i o n  of N C O L ( J ) .  

a r e  u s e d  f o r  more t h a n  

hhlmher of  r educed  f r e q u e n c i e s  t o  be used  f o r  
l t h  p r e s s u r e  mode f i t .  Program u s e 5  f i r s t  
n k k .  o f  t o t a l  number nk. If 0, t h c  proqram 
use2 a l l  nk f r e q u e n c i e s  f o r  t h e  j t h  mode. 
( D e f a u l t  = 01 

I n t e q e r  i n d i c a t i n q  whe the r  t o  u s e  a p r e c e d i n q  
s e t  of hl f o r  j t h  mode. 

( D e f a u l t  = 1 )  a, = b m *  j e t  e a c h  h 

I n p n t  nrw bp, c o e f t r c i e n t s  f o r  j t h  voiir. 

I n ~ r y ~ r  i r . , d i c a t i ~ . r  whe the r  t o  l n c i u i i r  ::kt 
c o n s t r a i n t  ( a s  defined be low)  when f i t t l n g  
t h e  J t h  column of d r r o d y n a a i c  f n r r e s .  [ S e e  
a p p c n d i x  & . )  

Nth c o n s t r a i n t  n o t  employed. ( D e f a u l t )  

mnploy Nth c o n s t r a i n t .  

Fo rce  a q r e e m e n t  w i t h  t a b u l a r  v a l u e  f o r  
kl = 0. Q,, (01 = Qll ( 0 ) .  

For k, = 0, 

fi I ~ [ Q ~ ~ ( E I ]  

E 

E = k  

For k, = 0, Force  s l o p e  = -F R e [ Q i 2 ( 0 ) I / b e n .  

F O ~  k l  = 0 ,  Force s l o p e  = 0. 

Force  A = 0. 
'j 

u s i n q  a p i e c e w i s e  
q u a d r a t i c  f i t  t o  Q . ( k . )  (i = 1 ,  ..., nk). 

3 1  

t I n d i v i d u a l  p a r a m e t e r s  a r e  o p t i o n a l  if d e f a u l t  va lues  a r e  a c c e p t a b l e .  
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TAB1.F 11.- Continued 

IFRPRT 

= 1  

SPKI)  



TARLE 11.- Continued 

g a m e  1 is  t 

'INPIIT 

When r e q u i r e d  

CONSYS = 1 

IFLUT = 1 

Alqehralc 
v a r i a b l e  

'ORTRAN v a r i a b l e  

[CSACT 

= 1  

= o  

:N( I, J) 

' H A S E  

[PH & . J P H  

[SCHDIlL(  I ,  ,T) 

= c  

= 1  

- _ _  - -  
ICHSEN 

= 1  

I C H P I L  

1 0  

= 1  

= 2  

= 3  

ICHACT 

f 0  

K M R  

D e s c r i p t i o n  

w t u d t o r  t r a n s f e r  f u n c t i o n  r e l a t e s  a c t u a l  con- 
t r o l  s u r f a c e  p o s i t i o n  t o  commanded p o s i t i o n .  
( D e f a u l t  I 

Z o n t r o l  s t i r f a c e s  a re  t r e a t e d  as f u l l  d e g r e e s  o f  
f r eedom a n d  a c t u a t o r  t r a n s f e r  f u n c t i o n s  c a n  
h e  c o n s i d e r e d  t o  r e l a t e  a c t u a t o r - p r o d u c e d  
h i n q e  moments  t o  a c t u a t o r  I n p u t s .  

;ai" f o r  I t h  c o n t r o l  a n d  J t h  sensor  p a i r .  me 
u s e r  w i l l  f i n d  i t  c o n v e n i e n t  ( v i r t u a l l y  
e s s e n t i a l  i n  p l o t t i n o  qain K O O t  l oc i )  t o  non- 
~ 3 i r e n s i o n a l i z e  G by i n c l u d i n q  d e s i r e d  
d i m e n s i o n a l  qainl!n ( T L ) ~ . .  
a t i o n s  w i l l  b e  i n  terns o? a m u l t i p l e  of 
a nomina l  or d e s i r e d  v a l u e .  ( k f a i i l t  = 0 )  

h e n  g a i n  v a r i -  

P h a s e  e r r \ > r  ( d e q r e e s )  i n  t r a n s f e r  f u n c t i o n .  
( E e f a t 1 l t  = 0 )  

Z o n t r o l  ( I P H )  a n d  sensor ( J P H I  p a l r  f o r  which 
p h a s r  e r r o r  13 i n t r o i l u c e d .  

NO s che r lu l inq  i n  c o n t r o l  i o q i c  f o r  c o i n t r o l  I ,  
sensor J. ( D e f a u l t )  

S c h e d u l i n g  is i n c l u d e d  ifi c o n t r o l  l ~ q l c  f o r  
control I ,  scnqor  J .  

- - - - - - -  

I n d i c a t e s  a c h a n q e  1s t o  h e  made i n  a denomi-  
n a t o r  c o r f f i c i e n t  f o r  sensor dynamics.  ( S r e  
n a m e l l s t  SFNINP. 

Sensor  dynamics R ~ P  unchanqed from p r r c e d i n q  
case. ( D e f a u l t )  

I n d i c a t e s  a chanqe 1 9  t o  he made i n  f i l w r  
4 "I ̂= ,, ._  (*e- n d r n ~ ' ~ ; : ?  CILTIN!. 

N o  chanqe  1 7  t o  h e  made i n  f i l t r r  dynamics.  
(DP f ilu 1 t 1 

Chanqe only o c c u r s  I n  numerator  c o e f f l c l ~ n t s .  

Chanqe c n l y  occur- i n  d r n o n i n a t o r  r o p f f i c i r n t s .  

Chanqe occurs i n  b o t h  numerator  a n d  denomina to r .  

I n d i r a t e s  a change 1 s  t r ,  he made i n  a c t u a t u r  
riyndmlcs ( s e e  n a m e l l s t  ACTINP) .  

N o  c h a n q e  i s  t o  b e  made i n  a c t u a t o r  dynamics.  

Chanqr  o n l y  occurs i n  numera to r  c o e f f i c i - n t s .  

manue o n l y  occur s  ~n denomina to r  c o e f f i c i e n t s .  

C l a n y e  o c c u r s  i n  b o t h  numera to r  and 
denomina to r .  

I n t r q e r  i n d i c a t i n q  t y p e  of v a r i a t i o n  t o  he 
performed i n  f l u t t r r  a n a l y s i s .  I f  n e g a t i v e ,  
a n y  c o r r e s p o n d i n s  p l o t  o u t p u t  w i l l  h e  w i t h  
respect  to r d y n m i c  p r e s s u r e .  Can h? chanser l  
a t  p l o t  t i m e  ~n i n t e r a - t i v e  r x r c ' i t i o n .  

' I n d i v i d u a l  p a r a m e t e r s  a r e  o p t i o n a l  i f  d e f a u l t  v a l u e s  a r r  d c c e ~ t a h l e .  
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TABLE 11.- C o n t i n u r d  

lame l i s t  

INPUT 'LUT = 1 

4 l q ~ h r a i  c 
va r i a h l e  

~- 
FORTRAN v a r i a h l ?  

K V A R  

z t i  

= t 2  

~ i 3  

I G A I N  

= I  

= o  

I 1)MIIL ' I '  

= I  

- I 1  

NV 

EPS I 

NIT 

NVIIT 

NFINE 

I IlAM1' 

~l 

- I  

D e s c r i p t i o n  



TABLE 11.- Continued 

a m e l i s t  

INPUT 

When r e q u i r e d  

FLUT = 1 

FLUT = 1 6 
KVAR = +_2 

FLUT = 1 6 

I G A I N  = 0 

FLUT = 1 6 
I G A I N  = 1 

A l q e h r a i <  
v a r i a b l e  

FORTRAN v a r i a b l e  

IDAMP 

= 3  

ITRACE ( I )  

= 1 ,  2, O r  

= o  

IPRINT 

= N  

- 
vn  

RHO0 

- _ _  
HO 

CONFACl 

CONFACZ 

CONFAC3 

_ _ _  
DV 

S l I ( 1 I  6 S 2 I ( I l  

IOPTl 

= 1  

IOPTZ 

= 1  

D e s c r i p t i o n  

I n d i v i d u a l  p a r a m e t e r s  are  o p t i o n a l  i f  d e f a u l t  v a l u e s  a r e  a c c e p t a b l e .  

Dampinq i s  ( ~ j O , , ~ l q , ,  ( i f  wn,  f 0) 
1 

a n d  0 (if un, = 0:. c o r r e s p o n d s  t o  v i s c o u s  
darnpinq 25. 

I n t e q e r  i n d i c a t i n g  w h e t h e r  to  t race  I t h  
r o o t ,  p r o n d e d  I t h  i n i t i a l  que53 i n  nonzero.  

T r a c e  r o o t .  lJse l i n e a r  ( 1 1 .  q u a d r a t i c  ( 2 1 ,  o r  
c u b i c  ( 3 1  c u r v e  f i t  t o  e x t r a p o l a t e  f o r  e s t i -  
mate o f  I t h  r o o t  a t  n e w  v a l u e  o f  i n d e p e n d e n t  
v a r i a b l e .  ( D e f a u l t  = 1 1  

DO n o t  trace r o o t .  

P r i n t  c h a r a c t e r i s t i c  r o o t  ,data t o  s c r e e n  (file 
OUTPIIT) e v e r y  N t imes  t h e y  are computed.  
( D e f a u l t  = 0) 

- - - - - _ - - - - - - - - 
I n i t i a l  v e l o c i t y  f o r  v e l o c i t y  v a r i a t i o n ;  

COns tan t  v e l o c i t y  f o r  d e n s i t y  v a r i a t i o n .  

I n i t i a l  d e n s i t y  f o r  d e n s i t y  v a r i a t i o n ;  c o n s t a n t  
d e n s i t y  f o r  v e l o c i t y  v a r i a t i o n .  

- - - - - - - - - - - - . 
~ 

l n i ~ i ~ l  n i t i t u ' i e  f o r  i l l . t i t i i r l ~  v a r i a t i o n .  

F a c t o r  f o r  c o n v e r t i n q  i n p u t  v e l o c i t y  t o  f e e t  
p e r  secnnA f o r  u s e  i n  s u b r o u t i n e  AT62. 
( D e f a u l t  = 0.0833 t o  c o n v e r t  i n c h e s  p e r  
s e c o n d )  

Fac to r  fo r  c o n v e r t r n q  i n p u t  a l t i t u d e  t o  f e p t  
f o r  u s e  i n  s u b r o u t i n e  AT62. ( D e f a u l t  = 1 1  

F a c t o r  f o r  c o n v e r t i n q  d e n s i t y .  o u t p u t  by s u b -  
r o u t i n e  AT62 i n  s l u q s  p e r  f o o t 3 ,  i n t o  t y p e  o f  
u n i t s  c o r r e s p o n d i n q  t o  i n p u t  model. 
( D e f a u l t  = 0.482258-04 f o r  c o n v e r t i n q  t o  i n c h  
unit51 

. - - - - - - - - - - - - 
S t e p  s i z e  f o r  e a c h  i n c r e m e n t  o f  i n d e p e n d e n t  

v a r i a b l e :  v e l o c i t y ,  a l t i t u d r ,  cor d e n s i t y ,  
c i i r r e s ~ o n d i n q  t o  K V A R  = f l ,  +2 ,  o r  i 3 ,  
r r s n e c t  1 v e  l y  . 

- -  - - - - _ -  - 
I n c r e m e n t  i n  G N ( 1 . J )  f o r  p r o p e r  r o o t  estlma- 

t l o n .  Fach nonze ro  DELGAIN s h o u l d  h e  e q u a l .  
( D e f a u l t  = 0) 

- - - - - - - - - - - - . 
Two i n i t i a l  estimates ( c o m p l e x )  f o r  I t h  c h a r a c -  

t e r i s t i c  root. S 2 I ( I )  s h o u l d  h e  best g u e s s .  
I n  Same cases, t h e s e  can he d e t e r m i n e d  a u t o -  
m a t i c a l l y  by proqram. See  d e f i n i t i o n  of 
IOPTl a n d  IOPT2. 

Compute i n i t i a l  est imates f o r  e l a s t i c  modes 
u s i n q  n a t u r a l  f r e q u e n c i e s  a n d  FS a n d  G S  
( d e f i n e d  s u b s e q u e n t l y ) .  ( S e e  eq .  ( 1 7 1 . )  

DO n o t  compute i n i t i a l  estimates i n  t h i s  
manner. 

U s e  m a t r i x  i t e r a t i o n  t o  o b t a i n  i n i t i a l  e s t i m a t r  
( a p p e n d i x  D ,  0 = 2 and 3 ) .  T h i s  method 
a t t e m p t s  to cof:verqe on e l a s t i c  and r i g i d -  
body c h a r a c t e r i s t i c  roots ( 0  = 21 u n l e s s  
some S 2 I ( I I  f 0. (0 
method will at tempt ' to  c o n v e r g e  on nonze ro  
roots n e a r e s t  t h o s e  i n p u t  i n  a r r a y  S 2 I l I ) .  
S e e  a l s o  d e f i n i t i o n  of OMR. 

= 3 ) ,  if: which case 
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T A B L E  11.- C o n t i n u e d  
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TABLE 11.- Continued 

game 1 is  t 

'INPUT 

'SENLOC 

'SENINP 

' FILTIN 

A l q e b r a i c  When r e q u i r e d  I v a r i a b l e  

IPKPLT = + 2 ,  + 3  I 

ISENSE = 1 

ICASE = + 2  & 

ICONSYS = 1 or 
ICASE = +1 & 

ICHSEN = 1 
( m a n g e s  o n l y )  

ICASE = t 2  & 

ICONSYS = 1 o r  
ICASE = +1 6 

ICHFIL = 1 

ICASE = +2 & 

ICONSYS = 1 o r  
ICASE = +1 & 

I C H F I L  = 1 

Sd 

"Sn 

i 

FORTRAN va r i  ah l i  

FURG, FEND, 
FQEL. 6 NDF 

GOQD, GENII, 
GDEL. & NDG 

XS(1)  6 

ITYPE( I )  

= l  

= 2  

NSS(1)  

ASD(1,J)  

XKS ( I ,  J )  

I f l R D ( J )  

= 0  

= 1  

= 2  

T4nYNI 1 )  

= 1  

= o  

I & J  

hW1 & S N 1  

K 1 BDO 

KlRDl 

K I R D 2  

AN1 & AN2 

D e s c r i p t i o n  

L o w e r  l i m i t ,  u p p e r  l i m i t ,  i n c r e m e n t  hetween 
ma jo r  t i c  marks ,  and  number of  minor d i v i -  
s i o n s  between major  t i c  marks f o r  o r d i n a t e  
i n  w p l o t s .  ( O p t i o n a l )  

Lower l i m i t ,  uppe r  l i m i t ,  i n c r e m e n t  between 
ma jo r  t i c  marks,  and  number of  minor  d i v i -  
sions between ma jo r  t i c  marks f o r  o r d i n a t e  
i n  5 p l o t s .  

Ar rays  d e f i n i n q  s e n s o r  l o c a t i o n s .  Tnese s h o u l d  
he u n r o t a t e d  c o o r d i n a t e s  I = 1,NS. 

I n t e q e r  i n d i c a t i n g  w h e t h e r  s e n s o r -  measure 
l i n e a r  o r  a n ~ p l l a r  motion.  

L i n e a r .  

Anqular .  

Number of t h e  s t r u c t u r a l  S e c t i o n  on which sensor 
is l o c a t e d .  

I t h  c o e f f i c i e n t  of  denomina to r  p o l y n o m i a l  of  
t r a n s f e r  f u n c t i o n  which models  s e n s o r  
dynamics f o r  J t h  sensor  ( c u n s t a n t  t e rm 
f i r s t ) .  I = 1 ,  ..., 11. 

I t h  c o e f f i c i e n t  of nomera to r  po lynomia l  of 
t r a n s f e r  f u n c t i o n  which models s e n s o r  
S y n a m c s  f o r  J t h  sensor ( c o n s t a n t  t e rm 
f i r s t ) .  I = 1 .  ..., 10. 

I n t e q e r  i n d i c a t i n q  t y p e  of  s e n s o r  t h a t  s e n s o r  J 
i s .  

P o s i t i o n  S e n s o r .  ( D e f a u l t )  

Ra te  s e n s o r .  

A c c r l e r a t i o n  s e n s o r .  

I n t t i q e r  i n d i c a t i n q  whe the r  t a  i n c i u d e  sen5ur 
lyn*s>L 113. 

I i s l n d e  s e n s o r  dynamics .  

P e r f e c t  s e n l j u r ;  do  not  i n c l u d e  dynamics.  
( D e f a u l t )  

I n t e q e r s  i n d i c a t i n g  c o n t r o l - s e n s o r  p a i r  f o r  
which s e n s o r  d a t a  a r e  t o  be f i l t e r e d .  
I and J r e f e r  t o  i d e n t i f i c a t i o n  p r i o r  t o  a n y  
s e l e c t i o n .  Only c o n t r o l - s e n s o r  p a i r s  f o r  
which d a t a  a r e  t o  he  f i l t e r e d  need he  I n p u t .  
End a l l  f i l t e r  i n p u t  w i t i ,  O , O .  

N a t u r a l  f r e q u e n c y  and  dampinq r a t i o  i n  s econd  
o r d e r  n o t c h .  See s e c t i o n  "Compensat ion 
o p t i o n s .  " 

G a i n  f o r  i n t e q r a l  f eedhack .  

G a i n  f o r  p r o p o r t i o n a l  f eedback .  

G a i n  f o r  d e r i v a t i v e  f eedhack .  

R m e  c o n s t a n t s ' o f  z e r o  and p o l e  i n  l e a d - l a g  
f i l t e r .  

' I n d i v i d u a l  p a r a m e t e r s  a r e  o p t i o n a l  i f  d e f a u l t  v a l u e s  a r e  a c c e p t a h l e .  
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' F I ;.TI N 

'ACT ! N1' 

When requ1re-l 

C A S E  = f_2 & 

I C O N S Y S  = 1 or 
I C A S E  = f_l 6 

IC!IFI!. = 1 

TAR1.F: 11.- Contlnurd 

A l c i r h r a l  c 
v a r i a h l e  

' A n  a A d  

"ORTRAN va r l a h l p  

4 F N ( K , I , l  6 
A F D ( K . I . 1  

I F  I!.TFR 

1 A<.I(( . I  I 

NMiIIIY5 

N HN FW 

N C N W  

NtX' 

N K N W  

= !I 
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TABLE 11.- Continued 

l ame l i s  t When r e q u i r e d  R l q e h r a i c  
v a r i a b l e  

'OUTRAN v a r i a b l e  D e s c r i p t i o n  

DELPLT Z 0 IPLT2 Wray of  numbers i n d i c a t i n g  which sets of  
c h a r a c t e r i s t i c  r o o t  d a t a  a r e  t o  h e  s a v e d  from 
f i l e .  I f  ICASE > 0 ( i n t e r a c t i v e  e x e c u t i o n )  
t h e n  t h e s e  c a n  he m o d i f i e d  b e f o r e  a c t u a l  
d e l e t i o n s  o c c u r .  

PKPLT > 0 ICOUNT iumber of se ts  of c h a r a c t e r i s t i c  r o o t  d a t a  
t o  he  p l o t t e d ,  c u r r e n t l y ,  o u t  of t o t a l  
number of g e t s  o f  d a t a  q e n e r a t e d  d u r i n g  
d i f f e r e n t  c a s e s .  Complete  l i s t  a v a i l a h l e  is 
p r i n t e d  o u t  b e f o r e  t h i s  i n p u t  is r e q u i r e d .  

PKPLT > 0 IPLT i r r a y  of  numbers i n d i c a t i n q  which S e t s  of 
c h a r a c t e r i s t i c  r o o t  d a t a  a r e  t o  be p l o t t e d .  

PKPLT > 0 ICOMRIN 

= 1  

= o  

[ n t e q e r  i n d i c a t i n q  whe the r  t o  combine p l o t s  o f  
d i f f e r e n t  s e t s  of  c h a r a c t e r i s t i c  r o o t  d a t a  
i n t o  one  p l o t  ( a l l  on same f r a m e )  or  g e n e r a t e  
p l o t s  on  s e p a r a t e  f r a m e s .  

b m b i n e  p l o t s .  

)o n o t  combine p l o t s .  

PKPLT > 0 5 
ICOMBIN = 1 

PTITLE 3 O s h a r a c t e r  d e s c r i p t i o n  of  d a t a  b e i n g  p l o t t e d .  
%is w i l l  a p p e a r  on p l o t  b e i n g  g e n e r a t e d  in- 
l i e n  of o r i q i n a l  p l o t  t i t l e s  when p l o t s  a r e  
b e i n g  comhined. 

PKPLT > 0 IDASH 

= o  

= 1  

= 2  

= 3  

= 4  

= 5  

= b  

= 7  

ISAME 

'PLOTP I n d i c a t e s  t y p e  of l i n e  used  t o  c o n n e c t  p o i n t s  
i n  d a t a  c u r r e n t l y  b r i n g  p l o t t e d .  n-iis may be 
chanqed f o r  e a c h  s e t  o f  d a t a  p l o t t e d .  

( s o l i d  l i n e )  

I n t e q e r  i n d i c a t i n g  h a ,  many of n e x t  s e t s  of 
C h a r a c t e r i s t i c  root d a t a  can  be  p l o t t e e  w i t h  
qame PLOTP n a m e l i s t  d a t a  c u r r e n t l y  h e i n q  
r e a d - i n ,  i n c l u d i n q  c u r r e n t  s e t .  me proqram 
w i l l  n o t  r e q u e s t  a n o t h e r  PLOTP n a m e l i s t  t o  he 
i n p u t  u n t i l  n = ISAME s e t s  of d a t a  have  been  
p l o t t e d .  ( D e f a u l t  = 1 )  

I n p u t  n e g a t i v e  of v a l u e  of  KVAR t h a t  was used  
when d e t e r m i n i n q  r o o t s  i f  you d e s i r e  t o  
change  t h e  i n d e p e n d e n t  v a r i a b l e  i n  t h e  
g r a p h i c s  o u t p u t  ( s e e  d e f i n i t i o n  of KVAR on 
p. 1 0 1 ) .  

I n t e g e r  i n d i c a t i n q  whe the r  t o  q e n e r a t e  p l o t  
showinq I t h  c h a r a c t e r i s t i c  r o o t  v a r i a t i o n .  

G e n e r a t e  p l o t  of d a t a .  ( D e f a u l t )  

Bypass  I t h  r o o t  i n f o r m a t i o n .  

KVAR 

MODEPK( I) 

= 1  

= o  

XRLORG, XRLEND, 
XRLDEL, L 
NDXRL 

IPKPLT = tl o r  + 3  Lower l i m i t ,  u p p e r  l i m i t ,  i n c r e m e n t  between 
major  t i c  marks, and number of minor  d i v i -  
s i o n s  be tween  major  t i c  marks for  a b s c i s s a  
i n  r o o t - l o c u s  p l o t s .  ( @ t i o n a l l  

' I n d i v i d u a l  p a r a w t e r s  a r e  o p t i o n a l  i f  d e f a u l t  va lues  are a c c e p t a b l e .  
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T A U L E  I I. - C o n c l u d e d  

N a m e  1 is t 

' PLOTP IPKPLT = + 1  O K  + 3  

IPKPI. ' r  = + J  or +3  

A l q e h r a i  c 
va r i a h l e  

FORTRAN v a r i a b l e  

YR LORG, Y R L  E N D ,  
YRLDBI., 6 
NIIYRI .  

vow), VENI),  
VDFL, & N l l V  

tionti, GENU,  
GDFT,, 6 NDG 

I O P  

= l  

= n  

D r s c r i p t i o n  

Lower l i m i t ,  u p p e r  l i m i t ,  i n c r e m e n t  h p t w e r n  
m a j o r  t i c  m a r k s ,  a n d  numher o f  m i n o r  c l i v i -  
s i o n s  b e t w e e n  m a l o r  t i c  marks f o r  o r d i n a t e  
i n  r o o t - l o c u s  p l o t s .  ( O p t i o n a l )  

[ n w e r  l i m i t ,  u p p e r  l i m i t ,  i n r r r m e r i t  b e t w e e n  
m a ~ o r  t i c  marks, a n d  number  o f  m i n o r  d i v i -  
s i o n ?  b e t w e e n  m a l o r  t i c  m a r k s  f o r  abscissa 
i n  i a n d  w p l o t s .  ( O p t i o n a l )  

Lower l i m i t ,  u p p e r  l i m i t ,  i n c r r m e n t  h r t w p e n  
m a l o r  t i c  m a r k s ,  a n d  number o f  m i n o r  d l v i -  
s i o n s  b e t w e e n  malor t l c  marks f o r  ord1nat.e 
i n  w plots. ( O p t i o n a l )  

Lower  l i m i t ,  upper limit, i n c r r m e n t  h r t w e t , n  
m a j o r  t i c  m a r k s ,  a n d  numher  of m i n o r  d i v i -  
s i o n s  h e t w r e n  m a j o r  t i c  m d r k s  f o r  o r d i n d t r  
i n  5 p l o t s .  

I n t e q e r  i n d i c a t i n q  w h e t h e r  t o  c o n t i n u e  
p l o t t i n q .  'This o p t i o n  a l l o w s  u s e r  t o  
q e n r r a t r x  a d d i t i o n d l  p l o t s  of  c h a r a c t e r i s t i c  
r c m t  d . i t n  t h d t  e i t h e r  were not included 
h e f o r r  <>r f o r  w h i c h  r h . i n q e s  i n  t h c  plots arc 
de-.;] rpd. 

Con t i n i i r  p1 ot t 1 n ii . 
K e t i i r n  t o  m i i n  p roq r , im  a n d  r o n t l n r l e  w i t h  n new 

c,1sr ,>r  t t . rmin .3 t r  *-x, .<-r l t ion.  

t I n d i v i d u a l  p a r a m r t e r s  arc  o p t i o n d l  i f  d e f a u l t  V a l I I P s  a r c  a c c e p t a b l e .  



When 
r e q u i r e d  

Z e n e r a l i z e d  s t i f f n e s s  m a t r i x ;  
r e a d - i n  by r o w s  

S t r u c t u r a l  damping  c o e f f i c i e n t s  

S e n s o r  d e f l e c t i o n s ;  r e a d - i n  by 
c o l u m n s  p e r  s e n s o r  

A c t u a t o r  e l o n g a t i o n  per u n i t  
g e n e r a l i z e d  c o o r d i n a t e ;  
r e a d - i n  by r o w s  p e r  c o n t r o l  

G e n e r a l i z e d  f o r c e  p e r  u n i t  
a c t u a t o r  h i n g e  moment; r e a d - i n  
by co lumns  p e r  c o n t r o l  

A l g e b r a i c  
v a r i a b l e  

FOR 1=1 ,NM 
FOR J= 1 , NM 
READ*,MOMSQ(I,J) 
w h e r e  MOMSQ( I, J )  =KI, J 

FOR 1=1 ,NM 
READ*, G ( I ) 
w h e r e  G(I)=gs 

FOR J=l ,NS 
FOR I=l,NM 
READ*,DS(I,J) 
w h e r e  DS ( I, J) =H 

I 

T 
IrJ 

FOR I=l,NC 
FOR J=l ,NM 
READ*,HE(I,J) 

FOR J=l ,NC 
FOR 1=1 ,NM 
READ*, FD ( I, J )  

ICASE = +-2 
a n d / o r  

ISELECT > C 

ICASE = +-2 
a n d / o r  

ISELECT > 

a n d / o r  
ISFLECT > 0 

ICASE = +2 { f n )  

ISELECT > 0 
a n d / o r  

ICASE&= +-2 1 {9:} 

ISELECT > 0 

ISTIFF = 1 

ICASE = +_2 
a n d / o r  

iSKLECT > 01 

a n d / o r  

ICASE = f2 H 
a n d / o r  

ISELECT > 0 
& 

ICSREAD = 1 

ICASE = 2 2  

ISELECT > 0 
& 

ICSACT = 0 

ICASE = 5 2  
a n d / o r  

ISELECT > 0 
& 

ICSACT = 0 

a n d / o r  

FD 

TABLE 111.- DESCRIPTION OF TAPE5 INPUT DATA 

[ A l l  d a t a  are r e a d - i n  u s i n g  f r e e - f i e l d  f o r m a t ]  

FORTRAN 
a r r a y  name 

KK 

RRDR & VARDI 
or 

AR & AI 

MAT1 

FREQ 

MOMSQ 

G 

DS 

HE 

FD 

D e s c r i p t i o n  READ s t a t e m e n t s  

a e r o d y n a m i c  d a t a  were READ*,KK(K) 
c o m p u t e d  w h e r e  KK(K)=kK 

Real a n d  i m a g i n a r y  p a r t s  o f  
a e r o d y n a m i c  m o t i o n  f o r c e s ;  
p a i r s  a r e  r e a d - i n  b 
( p e r  p r e s s u r e  mode)  p e r  
f r e q u e n c y  and t r a n s p o s e d  
i n t e r n a  1 l y  

T 

& n e r a l i z e d  m a s s e s ;  r e a d - i n  
by rms 

FOR K=l,NK 
FOR J=I ,NM(+NG)+ 
FOR 1=1 ,NM 
READ*,(VARDR(K,J,I),VARDI(K,J,I) 
w h e r e  VARDR(K,J,I)=Re{Q(kK)I,J} 

a n d  VARDI ( K ,  J, I )=Im{ Q( kK )I J} 

FOR I=l,NM 
FOR J= 1 , NM 
READ*,MATl (I, J )  
w h e r e  MAT1 (I,J)=MI, 

, 

V a t u r a l  f r e q u e n c i e s  (Hz ) FOR 1=1 ,NM 
READ*,FREQ(I) 
w h e r e  FREQ(I)=fnT 

'If g u s t  forces are i n c l u d e d  as las t  NG columns  of a e r o d y n a m i c  d a t a ,  p r o v i s i o n  h a s  b e e n  made t o  
r e a d  t h e s e  i n  (NGfO), a l t h o u g h  t h e y  are n o t  s t o r e d  i n  t h e s e  a r r a y s .  
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TABLE IV. - DESCRIPTION OF TAPE1 0 INPUT DATA 

~~ 

When 
r e q u i r e d  

INTERP = 1 o r  
ISENSE = 1 

CNTERP = 1 or 

[ A l l  d a t a  a re  r e a d - i n  u s i n g  f r e e - f i e l d  f o r m a t ]  

~ ~~ 

A1 ge  b r a i  c 
v a r i a b l e  

x or y '  

y Qr  z ! y ' )  

- 
S e t  
- 
1 

- 
2 

D e s c r i p t i o n  

x - c o o r d i n a t e s  i f  IPLATE = 1 
or  p o i n t s  a l o n g  y ' - a x i s  
i f  IPLATE = 0 a t  which 
modal d a t a  are a v a i l a b l e  

y - c o o r d i n a t e s  a t  which 
modal d a t a  are a v a i l a b l e  
i f  IPLATE = 1 or  b e n d i n g  
d e f l e c t i o n s  a l o n g  t h e  
y ' - a x i s  i f  IPLATE = 0 

3 

- 
4 

READ s t a t e m e n t s  

FOR I=l,NNODES 
READ*,TAB(I, 1 )  
where TAB(1,l )=xI or  y; 

FOR 1=1 ,NNODES 
READ*,TAB(I,2) 
where  TAB(I,2)=yI or  z ( y ; )  

INTERP = 1 or 
ISENSE = 1 

INTERP = 1 or 
ISENSE = 1 
and 
NDOF = 4 

ISENSE = 1 

z or R ' ( y ' )  
Y 

0 or %Cy' ) 

FORTRAN 
i r r a y  name 

TAB( I, 1 ) 

TAB ( I, 2) 

~~~ 

Modal d e f l e c t i o n s  a t  ( x , y )  
i f  IPLATE = 1 or ro ta t io i  
a b o u t  y '  a t  p o i n t s  a l o n g  
y ' - a x i s  i f  IPLATE = 0 

Zeros i f  IPLATE = 1 ,  or  
r o t a t i o n  a b o u t  x' a t  
p o i n t s  a l o n g  y ' - a x i s  i f  
IPLATE = 0 

FOR 1=1 ,NNODES 

where  TAB(I,3)=ZI or R ' ( Y ; )  
READ*,TAB(I, 3 )  

Y 

FOR 1=1 ,NNODES 
READ*,TAB(I, 4) 
where  TAB(I,4)=O or  R i ( Y '  ) 

Repeat  sets 1 t o  4 f o r  each  mode (1 t o  3 i f  NDOF = 3 )  
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T A B L E  V.-  DATA S T O R E D  ON DATA STORAGE F I L E  T A P E 1  BY PROGRAM 

3 R T R A N  a r r a y  name 
~ 

S i z e  D e s c r i p t i o n  A l g e b r a i c  v a r i a b l e  ~ 

M MAT1 NMODES**2 

Record 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

11  

1 2  , 2 0  

S e l e c t e d  g e n e r a l i z e d  masses  

N C O E F * N M O D E S * * 2 + 2 5 0  S e l e c t e d  p - p l a n e  c o e f f i c i e n t s  a n d  
b n j  a r r a y  

FD 

CS 

NMODES*NCNEW S e l e c t e d  q e n e r a l i z e d  f o r c e  per 
u n i t  a c t u a t o r  h i n g e  moment 

N S *  (NMODES-NCNFX) S e l e c t e d  s e n s o r  d e f l e c t i o n s  

DCT,  C N T L N ,  & I C L N  NCTM+(MPM+l)*NS*NCNEW C o n t r o l  l o g i c  common d e n o m i n a t o r  
( d ( s )  1, n u m e r a t o r  e l e m e n t s ,  
a n d  number of  c o e f f i c i e n t s  i n  
e a c h  n u m e r a t o r  e l e m e n t  

cs 

INDEX f o r  F I L T I N  

A S N , A C L N ,  . . . 

A l l  l a b e l e d  commons 

N S *  (NM-NC) F u l l  s e t  of  s e n s o r  d e f l e c t i o n s  

5 1  S u b i n d e x  u s e d  i n  s t o r i n g  f i l t e r  
d a t a  

Computed A l l  i n t e r m e d i a t e  c o n t r o l  d a t a  
u s e d  i n  c o m p u t i n g  d a n d  N .  

A l l  l a b e l e d  common d a t a  f r o m  
p r e v i o u s  case f o r  r e s t a r t  
c a p a b i l i t y  

I j  

MOMSQ NMODES I S e l e c t e d  Mun 2 a r r a y  

f n  F R E Q  NMDDES I S e l e c t e d  f r e q u e n c y  ( H z )  a r r a y  

S C O F  & BN 

I A l S U B  I 1 0 2  I S u b i n d e x  a r r a y  f o r  P K P L O T  d a t a  

k I T  & R e [ Q ( k i ) , i = l ,  ..., n k l  NK+NK*NMODES* *2 S e l e c t e d  r e d u c e d  f r e q u e n c i e s  a n d  I r e a l  p a r t  of a e r o d y n a m i c  d a t a  
R F R Q  & AR 

A I  NK*NMODES* *2 S e l e c t e d  i m a g i n a r y  p a r t  o f  I aerodynamic  d a t a  

S e l e c t e d  a c t u a t o r  e l o n g a t i o n  per I u n i t  g e n e r a l i z e d  c o o r d i n a t e  
NCN LW *NMODES I HE 

FD 

H 

NMODES I S e l e c t e d  s t r u c t u r a l  dampings G I 

S C O T  & E?? N C n R F * N M * * 2 + 2 5 0  I p u i i  s e c  of p-piane c o e f f i c i e n t s  I and b n j  a r r a y  
-~ ~ 

I N D E X 4  f o r  S P L I N E  51 Subindex  a r r a y  f o r  g e o m e t r i c  
c o e f f i c i e n t s  u s e d  i n  s u r f a c e  
s p l i n e  i n t e r p o l a t i o n  

H 

aSn I a R7, . . . 

1 1 1  



I n p u t s  o u t p u t s  

d - 
F i q u r e  1 .- STABCAR dynamic e lements .  

F i q u r e  2 .- C h a r a c t e r i s t i c  root d e t e r m i n a t i o n  with STABCAR. 
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U t 

F i g u r e s  3 .- Geometrical r e l a t i o n s h i p  between ( x , y )  

I I 

and 

F i g u r e  4.- STARCAR o v e r l a y  s t r u c t u r e .  
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1 
I 
7 

.- 

Figure  5.- Flow diaqram of program STABCAR. 



I f  !IPLA'IE:?. c a l l  SFLA!:I 
o v e r l a y  t o  d e t e r m n i n e  p- 
p l a n e  f i t  to a e r o d y n d m i c ,  
f o r  s e l e c t e d  rncdes. 

-(-) 5 P L P.N E r----+o .c 
P r o s r a m  %PLANE 

i e t s  u r  a r r a y  
s t o r a g e  a r e a s .  

Se lec t ed  aerc:,naric d a t a  e . ~ p l o y e C  

constrained l e a s t - s ~ j u a r e s  f i t  i s  
7 1 i r  f i t  a r e  r e a d - i n  f r o m  :APE! A 

p e r f c r t o e d  t n  ' ' e t e r m i n e  c o e f f i c 1 e n : s  

Determine f i : t e r  
d y n a m i c s .  

C v e r a l l  matrix o f  
t r a n s f e r  f u n c t i o n s  
l S  i ) " i d i ? , e l  by 
performing n a t r , x  
p r o d u c t  o f  senso r  
filter and 
a c t d a t o r  t r a n s f e r  
frr nc: 1 D R  ~d ?r I ces  . 
These d a t a  a r e  
S t o l e 6  o n  randon 
a c c e s s  f i l e  T f i P E I  
f o r  (use in sub-  
se,uent o v e r l a y  

d-) 
t r a i s f e r  f u n c t i o n  

eacn sens?' i q w  

Figure 5 .- Cont inued .  
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r 

-1 

F i q u r e  5 .- Continued. 



If IAPLT=!l, c a l l  AEROPL: 
o v e r l a y  t o  p l o t  ( s e l e c t e d  
a e r o d y n a m i c  m o t i o n  f o r c e s  

I f  I P K P L I 1 0 .  c a l l  PKPLOT 
OverlJy t o  p l o t  d a t a  
g e n e r a t e d  by o v e r l a y  
P K F L U T .  

Re tu rn  t o  b e g i i n l n q  t o  i n p u t  
d a t a  t o  e x e c i l t e  a n o t h e r  c a s e  
o r  t e r m i n a t e  execution. 

+-) AE ROP L I , 4-) 

s t o r a g e  a r e a s .  

f 
S u b r o u t i n e  A P L O I  

S e l e c t e d  ( M O O E A ( I , J ) = l ]  a e r o d y n a m i c  f o r c e  
e l e m e n t s  a r e  g e n e r a t e j .  

I f  I A P i ' = I .  i n t e r p o l a t e d  c u r v e  f i t s  ! h J s e d  
u p o n  C n o i c f  df K r I T )  d r e  q e n e r d t e d .  Ii 
I S P L A h E t O .  p - p l a n e  f i t s  a r e  a l s o  G e n e r a t e d  

If IAPLT-.! ( I S P L G t ~ C  m u s t  be nonze ro ! .  o n l  
t h e  p - p l a n e  f i t s  B W  q e n e r a t e d .  

R e a d - i n  p l o t  d a t a  f r o m  Tr lPE l .  7 N o 

' 1 ~ t  :a:a f rom s e v e r a l  p r e v i o u s l y  
j ? n r , ' d t @ d  C l o t  s e i , .  : ? p s +  ,#,,mber o f  
j e t s  t o  b e  p l a t t e a .  ~ ~ n . e 2 p ? n A l n a  Set  
? o s .  and w h e t h e r  t o  combine t h e m .  I n -  
u t  n a n e l i s t  PLOT?. ;See d e s c r i p t i o n  
i f  &t,j f c r  !PvPLT 0 I n  d e s c r i p t i o n  
if i n p u t . ]  

-(-) 
i. 

Sdbroh: i re  P i P L T  

' l o t  f l u t t e r  d a t a  
rer mode f o r  which 
lODCPI:=O. 

-Q M U L I P I  

t 
S u b r o u t i n e  MULTPT 

P l o t 5  , , ? " ? r a t e d  
c b r v e s .  

i 

c 

E n t e r  -(-) 
f 

S U b F O u t i n e  PLOT 

P l o t  , n Y S  
' v e l o c i t y ,  a l t i t u d e  
d e n s i t y ,  d y n a r n l c  
p r e s s u r e  or g a i n  
d e p e n d i n g  u p o n  
Y Y A R .  IGAIN. a n d  

I 

Figure 5 .- Concluded. 
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F i q u r e  6.- Pane l ing  of winq and h o r i z o n t a l  t a i l  €or aerodynamic  f o r c e  computa t ion .  

if N < 0.61, set N = 0.61 
b l s  Ma 

Figure  7.- C o n t r o l  l a w  and a c t u a t o r  dynamics. 
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2 p-plane f i t  

1 I n t e r p o l a t e d  

0 1 2 

R e d .  f req.  
t 

-50 

0 

t 
-1.00 --50 L 

0 

-.lo 

-.30 
0 1 2 

R e d .  f req.  

- 7n . L Y  

I 

- .40  tLLu 

x 

0 1 2 

R e d .  freq.  

5 z 
0 1 2 0 1 2 0 1 2 

R e d .  freq.  R e d .  f req.  R e d .  freq. 

( a )  Column 3 .  

Figure 8 . -  Selected generalized force matrix elements. 
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2 p-plane f i t  

1 Interpolated 

(3,5) 

-4 r r 

1 1 
0 1 2 

x 
id c 
.d 
D 

2 
H 

K e d .  f rcq.  

( 3 , 5 )  r 

.8 

4 
id 

2 

- 4  t- 
0 1 2 

Ked. f r cq .  

t 4t-  

0 1 

R e d .  f r e q .  

- . 2  

- . 6  

t 
-1.0 

0 1 2 

R e d .  f r eq .  

I 
0 

h 
id c 
-d 
0 

2 
H -1.0 

-2 .0  1 
U 1 2 

R e d .  f r cq .  

-2 
0 1 - 3 

Ked. f r cq .  

( b )  Column 5 .  

F i q u r e  8.- Con t inued .  



2 p-plane f i t  

1 Interpolated 

x 
LI 
ld c 
.4 
m 

H 
2 

0 

-2 

-4  
0 1 2 

Red. f req .  

0 1 2 

Red. f r e q .  

i 
I 

ri 
ld 

2 

15 

11 

7 
0 1 2 0 1 2 

Red. f req.  Red. f req .  

120 

x 8o 
k 
ld 
d 
4 
m 
ld 
E 
H 40 

0 
L 

1 2 

Red. f r e q .  

-80 

-120 

-40 

0 1 2 

Red. f req .  

( c )  Column 8. 

F i g u r e  8.- Continued. 
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2 p-plane fit 

1 interpolated 

0 

-. 01 x 
&4 
m 
c 
-4 
rn 
2 

-.02 H 

- . 0 3  

4 
m 
a, 
P; 

t 
2 V '  

0 1.0 2.0 

Red. freq. 

.18 

.14 F.. t 

.10 r , l l J  
0 1.0 2.0 

Red. freq. 

m 
2 

2o i1°-3 

l o b +  0 

t 
0 h 

h 
m 
G 
.r( 
rn 
2 
H -.lo 

-10 
0 1.0 2.0 0 1.0 2.0 

Red. f r e q .  Red. f r e q .  

(5,15) ( 8 , 1 5 )  r 
.10 

.09 

P ? 

-I 
m 
2 

.08 L 
0 1.0 2.0 0 1.0 2.0 

Red. f r e q .  Red. freq. 

( d )  C o l u m n  15. 
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