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ABSTRACT 

Quadric  cyl inders  (QUACYLs) form a n  impor t an t  c l a s s  of canonical  shapes in 
ae rospace  engineer ing f rom t h e  su r face  modeling point of view. In designing and 
analyzing conformal  an tenna  a r r ays  ove r  ae rospace  bodies, a knowledge of t h e  
mutual  coupling be tween  individual e l emen t s  is  necessary. In this  paper ,  a 
c losed f o r m  Geodesic  Cons tan t  Method (GCM) is  developed t o  model  t h e  ray-  
geomet r i c  a spec t s  of confo rma l  a r r ays  on QUACYLs. The formulat ion incorporates  
a shaping pa rame te r ,  pe rmi t t i ng  modeling of su r faces  of d i f f e ren t  sharpness. 
iviutual coupling resul ts  fo r  t h e  gene ra l  parabol ic  cyl inder  a r e  presented t o  
i l l u s t r a t e  t h e  appl icat ion of t h e  formulat ion.  

Introduct ion 

It has  been suggested t h a t  t h e  use of dis t r ibuted an tennas  on a i r c ra f t  wing 
for  r ada r  appl icat ions has  a s ignif icant  advan tage  over t h e  convent ional  single 
an tenna  concep t  [I]. Dis t r ibuted an tennas  on wing su r faces  have also been 
suggested fo r  navigational appl icat ions using t h e  Global Positioning Systems 
(GPS). Such conformal  a r r ays  on convex su r faces  direct ly  use t h e  theory of 
planar  arrays.  In th i s  paper ,  w e  de r ive  t h e  su r face  r ay  geomet r i c  pa rame te r s  
over  gene ra l  quadric  cylinders (QUACYLs). Those pa rame te r s  c a n  b e  used t o  
de t e rmine  radiat ion cha rac t e r i s t i c s  of t h e  arrays.  As an example,  specif ic  
resul ts  on mutua l  coupl ing be tween  e l emen t  pa i r s  a r e  provided in t h e  paper .  
QUACYLs,  which include circular ,  e l l ipt ic ,  and gene ra l  parabol ic  and hyperbolic 
cyl inders ,  form convenient  canonical  su r f aces  to r  modeling many major  components  
of ae rospace  bodies, such a s  fuselage and wings. 

Formulation 

A gene ra l  quadric  cylinder (QUACYL) is  a regular quadric  su r face  and can be 
expressed in t h e  geodesic  coord ina te s  (u,v) in t h e  pa rame t r i c  t o rm 

x = f ( u )  y = g ( u )  z = v  ( 1 )  

which in t h e  par t icular  c a s e  of t h e  general  parabol ic  cyl inder  (GPCYL), c a n  be  
expressed a s  

x = au y = u  z = v  ( 2 )  2 

where  a is shaping pa rame te r  and de te rmines  t h e  "sharpness" of t h e  GPCYL. The 
effect of  a i s  i l l u s t r a t e d  in F ig .  I .  All t h e  q u a d r i c  c y l i n d e r s  c a n  b e  
general ized t o  inco rpora t e  t h e  shaping pa rame te r  in their  pa rame t r i c  equat ions 
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in t h e  geodesic  coord ina te  system. The equat ion f o r  t h e  r ight  mth-order  
geodesic  on a QUACYL in t h e  geodesic  coord ina te  is expressed a s  

T h e  subscr ipts  U and v r e fe r  t o  t h e  par t ia l  der ivat ives  w.r.t. U  and 
The ray geomet r i c  pa rame te r s  required in t h e  high frequency v respectively. 

mutual  coupling analysis  c a n  b e  convenient ly  c lassi f ied a s  [2] 

1. Surface-dependent ray geometric parameters which depend on t h e  n a t u r e  of t h e  
su r face  alone and a r e  expressed a s  a funct ion of t h e  coordinates  of t h e  point a t  
which they a r e  evaluated.  The  unit s u r f a c e  normal  vec to r  and t h e  principal 
cu rva tu res  a r e  examples  of these.  

2. Geodesic-dependent ray geometric parameters depend on t h e  individual space  
curves t r aced  on these  quadric  su r faces  in addi t ior l  $0, t h e  n a t u r e  of t h e  
surface,  for example t h e  F rene t - f r ame  field vec to r s  (t,n,b) and t h e  radius  of 
cu rva tu re  along t h e  geodesic. 

3. Interaction-dependent ray geometric parameters which can  be  descr ibed only if 
t h e  geodesic  coord ina te s  of t h e  sou rce  and observat ion points  a r e  given. The 
a r c  length, t h e  general ized torsion f ac to r  and Fock  pa rame te r ,  and t h e  blending 
funct ions a r e  examples  of interact ion-dependent  r a y  g e o m e t r i c  pa rame te r s .  

All t h e s e  ray geomet r i c  pa ra ,ne t e r s  c a n  be  der ived in t h e  closed fo rm using 
t h e  def ini t ion given in [3]. One of t h e  highlights of our  me thod  is  t h a t  a l l  
t hese  expressions a r e  now a funct ion of t n e  F i r s t  Geodesic  Cons tan t  h and the i r  
accu racy  depends on t h e  accu racy  of I alone.  For  th i s  reason,  w e  ca l l  t h i s  
method t h e  Geodesic  Constant  Idethod (GCM). 

However, serious diff icul t ies  ex i s t  in der iving many of t h e  in t e rac t ion -  
dependent  pa rame te r s ;  t hese  pe r t a in  t o  t h e  integrat ion of t h e  a r c  length and 
general ized Fock pa rame te r .  W e  have  been ab le  t o  de r ive  der ived t h e s e  
pa rame te r s  analytically fo r  t h e  c a s e  of t h e  QUACYLs. For  t h e  specif ic  c a s e  of 
CPCYLs,  t hese  a r e  expressed in t h e  closed f o r m  as 

Mutual coupling be tween  finite-dimensional (0.5 x 0.2 A) slots ove r  
GPCYLs of varying shaping pa rame te r  has been computed  and t w o  specif ic  resul ts  
a r e  presented he re  a s  a n  i l lustrat ion of  t h e  ma themat i ca l  model  p re sen ted  in 
this paper. Figures  2 and 3 show t h e  mutual  a d m i t t a n c e  magnitude and phase 
plots for increasing separat ion be tween  t h e  two s lo t s  a long u-axis. The  z-axis 
separat ion between t h e  centroids  of t h e  slots in t h e  Figures  2 and 3, is t aken  
a s  z e r o  and 0.5 A, respect ively.  
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Summary 

For t h e  cases  of t h e  circular  cyl inder  and t h e  GPCYL, t h e  expressions 
obtained fo r  t h e  ray pa rame te r s  a r e  in t h e  closed fo rm,  s ince t h e  geodesic  
cons t an t  h is a lso der ivable  in t h e  closed form. On t h e  o the r  hand, for t h e  
coord ina te  su r faces  of t h e  Elliptic-cylinder Coord ina te  System, such a s  t h e  
e l l i p t i c  a n d  g e n e r a l  h y p e r b o l i c  c y l i n d e r s ,  t h e  e x p l i c i t  n a t u r e  of  t h e  r a y  
pa rame te r s  a s  a funct ion of h remains s ince  c a n  be  expressed explicitly in 
t e r m s  of t h e  a sympto t i c  s e r i e s  expansions of t h e  incomplete  e l l ipt ic  integral  
functions. 

h 

Using d i f f e ren t  shaping pa rame te r s  one c a n  gene ra t e  family of QUACYLs of 
d i f f e ren t  f la tness .  The shaping pa rame te r  is employed a s  a control  pa rame te r  in 
Sur face  Modeling for  matching t h e  quadrics  t o  t h e  a c t u a l  surfaces  considered.  
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Fig. I Gene ra l  parabol ic  cyl inders  (GPCYLs) for  d i f f e ren t  value of t h e  shaping 
p a r a m e t e r  a (s imulated on a n  IBM PC-XT compatible) .  
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