
@  Publication  number:  0 1 4 8   6 3 5  
A 2  

®  EUROPEAN  PATENT  APPLICATION 

®  Application  number:  84309059.8  ©  Int.  CI.4:  H  01  Q  1 5 / 2 0  

@  Date  of  filing:  21.12.84 

©  Priority:  12.01.84  GB  8400759  @  Applicant:  PLESSEY  OVERSEAS  LIMITED,  Vicarage 
Lane,  llford  Essex  IGI  4AQ  (GB) 

@  Date  of  publication  of  application:  17.07.85  @  Inventor:  Butler,  Dennis  Victor,  17  Ranvilles  Lane 
Bulletin  85/29  Catisfield,  Fareham  Hampshire  (GB) 

@  Representative:  Fish,  Norman  Ernest,  The  Plessey 
®  Designated  Contracting  States  :  AT  BE  CH  DE  FR  IT  LI  Company  pic  Intellectual  Property  Department  Vicarage LU  NL  SE  Lane,  llford  Essex  IG1  4AQ  (GB) 

(54)  Radar  reflector. 

  A  collapsible  radar  reflector  comprising  an  inflatable 
bladder  of  flexible  airtight  material  which  is  substantially trans- 
parentto  radar  signals  and  contained  within  the  bladder  a  radar 
reflector  element  of  flexible  radar  reflective  material  which  is 
secured  to  the  inside  of  the  bladder  so  as  to  be  deployed  conse- 
quent  upon  inflation  of  the  bladder. 



T h i s   i n v e n t i o n   r e l a t e s   to   r a d a r   r e f l e c t o r s   and  m o r e  

e s p e c i a l l y   i t   r e l a t e s   to   c o l l a p s i b l e   r a d a r   r e f l e c t o r s .  

R a d a r   r e f l e c t o r s   s u c h   as  c o r n e r   r e f l e c t o r s   a r e   u s e d   t o  

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

u s e d   i n t e r - a l i a   by  s m a l l   s h i p s   and  b o a t s   w h i c h   m i g h t  

o t h e r w i s e   be  i n v i s i b l e   to   r a d a r   or  at   l e a s t   be  d i f f i c u l t   t o  

d e t e c t   by  m e a n s   of   r a d a r .  

Known  r a d a r   r e f l e c t o r s   t e n d   to   be  h e a v y   and  b u l k y   w h i c h  

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

I t   is   an  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   to   p r o v i d e   a  

c o l l a p s i b l e   r a d a r   r e f l e c t o r   w h i c h   is  r e l a t i v e l y  l i g h t   a n d  

w h i c h   in  i t s   c o l l a p s e d   s t a t e   is  r e l a t i v e l y   s m a l l   and  e a s y   t o  

s t o w .  

A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   a  r a d a r   r e f l e c t o r  

c o m p r i s e s   an  i n f l a t a b l e   b l a d d e r   o f  f l e x i b l e   a i r   t i g h t  

m a t e r i a l   w h i c h   i s   s u b s t a n t i a l l y   t r a n s p a r e n t   to   r a d a r   s i g n a l s  

and  c o n t a i n e d   w i t h i n   t h e   b l a d d e r   a  r a d a r   r e f l e c t o r  o f  

f l e x i b l e   r a d a r   r e f l e c t i v e   m a t e r i a l   w h i c h   is  s e c u r e d   to  t h e  

i n s i d e   of   t h e   b l a d d e r   so  as  to   b e  d e p l o y e d   c o n s e q u e n t   u p o n  

i n f l a t i o n   o f   t h e   b l a d d e r .  

The  b l a d d e r   may  be  c o n s t r u c t e d   to   d e f i n e   an  o c t a h e d r o n  

h a v i n g   e i g h t   t r i a n g u l a r   s i d e s   of  s i m i l a r   s i z e .  

The  b l a d d e r   may  be  c o n s t r u c t e d   f r o m   e i g h t   p a n e l s   e a c h  

of   w h i c h   d e f i n e s   t h e   s h a p e   of  an  e q u i l a t e r a l   t r i a n g l e .  



The  r a d a r   r e f l e c t o r   may  be  f a b r i c a t e d   to   d e f i n e   a  

c o r n e r   r e f l e c t o r .  

The  c o r n e r   r e f l e c t o r   may  when  t h e   b l a d d e r   is  i n f l a t e d  

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

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

The  f o u r   s i d e d   p a n e l s   of   t h e   c o r n e r   r e f l e c t o r   may  b e  

f o r m e d   by  t w e l v e   t r i a n g u l a r   p a n e l s   w h i c h   d e f i n e   i s o s c e l e s  

t r i a n g l e s   h a v i n g   two  45°  i n t e r n a l   a n g l e s .  

The  r a d a r   r e f l e c t o r   may  be  s t r e n g t h e n e d   by  m e a n s   o f  

c o r d s   w h i c h   a r e   a r r a n g e d   to   e x t e n d   b e t w e e n   a d j a c e n t   a p e x e s  

and   o p p o s i n g   a p e x e s   o f   t h e   e i g h t   t r i a n g u l a r   s i d e s   w h i c h  

d e f i n e   t h e   o c t a h e d r o n ,   t h e   l e n g t h   of   t h e   c o r d s   b e i n g   s u c h   a s  

to   c o n s t r a i n   t h e   b l a d d e r   when  i n f l a t e d   to   d e f i n e   a n  

o c t r a h e d r a l   s h a p e .  

A n c h o r a g e   m e a n s   f o r   t h e   c o r d s   may  be  p r o v i d e d   a t   e a c h  

of   t h e   a p e x e s .  

The  a n c h o r a g e   m e a n s   may  c o m p r i s e   t r u n c a t e d   p y r a m i d a l   o r  

c o n i c a l   a n c h o r a g e   d e v i c e s   h a v i n g   a  h o l e   f o r m e d   in  t h e  

t r u n c a t e d   end  f o r   c o r d   a n c h o r a g e   p u r p o s e s .  

The  a n c h o r a g e   d e v i c e s   may  be  made  f r o m   t w o  

c o m p l e m e n t a r y   p a r t s   w h i c h   s t a c k   one  w i t h i n   t h e   o t h e r   w h e r e b y  

t h e   m a t e r i a l   of   t h e   b l a d d e r   can   be  s a n d w i c h e d   b e t w e e n   t h e m .  

In  one  e m b o d i m e n t   of   t h e   i n v e n t i o n   t h r e e   d i a m e t r a l l y  

a r r a n g e d   c o r d s   may  be  u s e d   c o n n e c t e d   b e t w e e n   o p p o s i n g   a p e x e s  

of   t h e   e i g h t   t r i a n g u l a r   s i d e s   and  t w e l v e   c h o r d a l   c o r d s   m a y  

be  u s e d   c o n n e c t e d   b e t w e e n   a d j a c e n t   a p e x e s   of   t h e   e i g h t  

t r i a n g u l a r   s i d e s   w h i c h   d e f i n e   t h e   o c t r a h e d r o n .  

The  i n f l a t a b l e   b l a d d e r   may  embody   an  i n l e t   v a l v e .  



The  i n f l a t a b l e   b l a d d e r   may  h a v e   a s s o c i a t e d   w i t h   i t   a  

c o m p r e s s e d   gas   b o t t l e   w h i c h   can   be  u s e d   to   i n f l a t e   t h e  

b l a d d e r .  

The  r a d a r   r e f l e c t o r   may  f o r m   a  p a r t   of   a  m a r k e r   b u o y .  

One  e m b o d i m e n t   of  t h e   i n v e n t i o n   w i l l   now  be  d e s c r i b e d  

s o l e l y   by  way  of   e x a m p l e   w i t h   r e f e r e n c e   to  t h e   a c c o m p a n y i n g  

d r a w i n g s   in  w h i c h ;  

F i g u r e   1  i s   a  p e r s p e c t i v e   v i e w   of  a  c o r n e r   r e f l e c t o r ;  

F i g u r e   2  is   a  p e r s p e c t i v e   v i e w   of   t h e   c o r n e r   r e f l e c t o r  

shown   in  F i g u r e   1  c o n t a i n e d   w i t h i n   a  t r a n s p a r e n t   i n f l a t a b l e  

o c t a h e d r a l   b l a d d e r ;  

F i g u r e   3  i s   a  s o m e w h a t   s c h e m a t i c   f r o n t   v i e w   of   a  b u o y  

on  w h i c h   a  r a d a r   r e f l e c t o r   is   s u p p o r t e d ;   a n d ,  

F i g u r e   4  i s   a  p e r s p e c t i v e   v i e w   of   an  a n c h o r a g e   d e v i c e  

f o r   u s e   w i t h   t h e   b l a d d e r   of   F i g u r e   3 .  

R e f e r r i n g   now  to   F i g u r e   1  a  c o r n e r   r e f l e c t o r   c o m p r i s e s  

t h r e e   m u t u a l l y   o r t h o g o n a l l y   d i s p o s e d   f o u r   s i d e d   p a n e l s   1,  2 

and  3  h a v i n g   m u t u a l l y   c o n t i g u o u s   d i a g o n a l s .   Each   of   t h e  

p a n e l s   1,  2  and  3  is  d e f i n e d   by  f o u r   t r i a n g u l a r   p a n e l s   w h i c h  

d e f i n e   i s o s c e l e s   t r i a n g l e s   h a v i n g   two  45°  i n t e r n a l   a n g l e s .  

Thus  t h e   p a n e l   1  f o r   e x a m p l e   is  d e f i n e d   by  t r i a n g u l a r   p a n e l s  

4,  5,  6  and  7.  The  t w e l v e   t r i a n g u l a r   p a n e l s   a r e   f a b r i c a t e d  

f r o m   f l e x i b l e   p l a s t i c s   m a t e r i a l   w h i c h   is  m e t a l   s p r a y e d   so  a s  

to   be  r e f l e c t i v e   to   r a d a r   s i g n a l s .   A l t h o u g h   in  t h e   p r e s e n t  

e m b o d i m e n t   t h e   t w e l v e   t r i a n g u l a r   p a n e l s   a r e   s p r a y e d   w i t h  

m e t a l   to   p r o v i d e   r a d a r   r e f l e c t i v i t y   i t   w i l l   be  a p p r e c i a t e d  

by  t h o s e   s k i l l e d   in  t h e   a r t   t h a t   o t h e r   m e t a l l i s a t i o n  

p r o c e s s e s   w i l l   a l s o   be  s u i t a b l e .  



As  shown  in  F i g u r e   2  t h e   c o r n e r   r e f l e c t o r   is  e n c l o s e d  

w i t h i n   and  s e c u r e d   to   t h e   i n s i d e   s u r f a c e   of  a  t r a n s p a r e n t  

p l a s t i c s   b l a d d e r   8  w h i c h   d e f i n e s   an  o c t a h e d r o n   and  w h i c h   h a s  

e i g h t   s i m i l a r   e q u i l a t e r a l   t r i a n g u l a r   s i d e s   9.  One  of   t h e  

t r i a n g u l a r   s i d e s   9  i s   p r o v i d e d   w i t h   an  i n l e t   t u b e   10  b y  

m e a n s   of   w h i c h   t h e   b l a d d e r   is   i n f l a t e d .  

In  o r d e r   to   s t r e n g t h e n   t h e   r a d a r   r e f l e c t o r ,   a n c h o r a g e  

d e v i c e s   11  a r e   u s e d   w h i c h   s e r v e   as  a n c h o r a g e   p o i n t s   f o r  

s t r e n g t h e n i n g   c o r d s   12  w h i c h   a r e   s t r e t c h e d   b e t w e e n   a d j a c e n t  

o n e s   o f   t h e   d e v i c e s   11  and  s t r e n g t h e n i n g   c o r d s   13  w h i c h   a r e  

a r r a n g e d   t o   e x t e n d   b e t w e e n   o p p o s i n g   o n e s   of   t h e   d e v i c e s   1 1 .  

Thus   t h e   s t r e n g t h e n i n g   c o r d s   12  a r e   in  e f f e c t   c h o r d a l   c o r d s  

and   t h e   s t r e n g t h e n i n g   c o r d s   13  m i g h t   be  d e s c r i b e d   a s  

d i a m e t r a l   c o r d s .   The  d i a m e t r a l   c o r d s   a r e   c o n t a i n e d   w i t h i n  

t h e   b l a d d e r   8  and   t h e   c h o r d a l   c o r d s   a r e   a l s o   p r e f e r a b l y  

c o n t a i n e d   w i t h i n   t h e   b l a d d e r   8 .  

The  a n c h o r a g e   d e v i c e s   11  may  be  made  of   p l a s t i c s  

m a t e r i a l   and  t h e y   p r e f e r a b l y   i n c l u d e   a  h o l e   or  h o l e s   f o r  

r e c e i v i n g   t h e   c o r d s   12 ,   13 ,   w h i c h   a r e   s e c u r e d   to  t h e m .   O n e  

k i n d   o f   a n c h o r a g e   d e v i c e   i s   shown  in  F i g u r e   4  w h i c h  

c o m p r i s e s   two  h o l l o w   p l a s t i c s   t r u n c a t e d   p y r a m i d a l   p a r t s   1 8  

and  19  w h i c h   a r e   c o m p l e m e n t a r y   and  f i t   one  w i t h i n   t h e  

o t h e r .  

In  u s e ,   t h e   m a t e r i a l   o f   t h e   b l a d d e r   8  i s   s a n d w i c h e d  

b e t w e e n   t h e   two  p a r t s   18  and  19  w h i c h   a r e   p r o v i d e d   w i t h  

h o l e s   f o r   t h e   c o r d s   12  o r   13.   The  p a r t   19  i s   p r o v i d e d   w i t h  

an  i n t e r n a l   c y l i n d r i c a l   p i l l a r   20  w h i c h   s e r v e s   to   s t r e n g t h e n  



i t   and  to   w h i c h   t h e   c o r d s   a r e   a t t a c h e d .   The  d e v i c e s   a r e  

f i t t e d   w i t h i n   t h e   b l a d d e r   8  so  i t s   n a r r o w   t r u n c a t e d   end  2 0  

f a c e s   i n w a r d l y   t o w a r d s   t h e   c e n t r e   of  t h e   b l a d d e r   8 .  

The  t r i a n g u l a r   p a n e l s   9  w h i c h   d e f i n e   t h e   i n f l a t a b l e  

b l a d d e r   8  may  be  j o i n e d   t o g e t h e r   by  means   of  a d h e s i v e   or   b y  

p l a s t i c s   w e l d i n g   t e c h n i q u e s   s u c h   as  u l t r a - s o n i c   w e l d i n g   a n d  

t h e   t r i a n g u l a r   p a n e l s   w h i c h   d e f i n e   t h e   r a d a r   r e f l e c t o r   m a y  

be  s i m i l a r l y   j o i n e d .   I t   w i l l   be  a p p r e c i a t e d   t h a t   s i n c e   t h e  

f r a m e w o r k   of  t h e   r e f l e c t o r   is  d e f i n e d   by  t h e   c o r d s   12  and   13  

w h i c h   a r e   t e n s i o n e d   b e t w e e n   t h e   a n c h o r a g e   d e v i c e s   as  t h e  

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

4,  5,  6  and  7  w h i c h   d e f i n e   t h e   c o r n e r   r e f l e c t o r ,   a r e   h e l d  

s u b s t a n t i a l l y   f l a t   w h e r e b y   good   r a d a r   r e f l e c t i v e   s u r f a c e s  

a r e   f o r m e d .  

A  r a d a r   r e f l e c t o r   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n  

may  be  u s e d   on  s m a l l   s h i p s   or   b o a t s   or  a l t e r n a t i v e l y   i t   m a y  

be  u s e d   as  a  r a d a r   r e f l e c t o r   on  a  m a r k e r   buoy   as  s h o w n   i n  

F i g u r e   3 .  

R e f e r r i n g   now  to   F i g u r e   3  a  r a d a r   r e f l e c t o r   14  of   t h e  

k i n d   j u s t   b e f o r e   d e s c r i b e d   w i t h   r e f e r e n c e   to   F i g u r e s   1  and  2 

is   s e c u r e d   to   a  b u o y   15 .   The  b u o y   i n c l u d e s   an  a n c h o r a g e  

r i n g   16  f o r   an  a n c h o r   c o r d   and  an  a i r   b o t t l e   17  w h i c h   can   b e  

u s e d   f o r   t h e   p u r p o s e   of   i n f l a t i n g   t h e   buoy   a n d / o r   f o r   t h e  

p u r p o s e   of  i n f l a t i n g   t h e   r a d a r   r e f l e c t o r   14.  Buoys   of  t h e  

k i n d   j u s t   b e f o r e   d e s c r i b e d   w i t h   r e f e r e n c e   to   F i g u r e   3  may  b e  

u s e d   to   mark  c h a n n e l s   or  h a z a r d s   a t   s e a   and  t h e y   have   t h e  

a d v a n t a g e   t h a t   u n t i l   t h e y   a r e   r e q u i r e d   f o r   use   t h e y   can  b e  

s t o r e d   c o m p a c t l y .  



V a r i o u s   m o d i f i c a t i o n s   may  be  made  to   t h e   r a d a r  

r e f l e c t o r   shown   w i t h o u t   d e p a r t i n g   f r o m   t h e   s c o p e   of   t h e  

i n v e n t i o n   and  f o r   e x a m p l e   i t   w i l l   be  a p p r e c i a t e d   t h a t   a  

b l a d d e r   o f   any   s u i t a b l e   s h a p e   may  be  u t i l i s e d   w h i c h   i n c l u d e s  

w i t h i n   i t s   a i r   t i g h t   e n v e l o p e   any  s u i t a b l e   f o r m   of  r a d a r  

r e f l e c t o r .   I t   w i l l   a l s o   be  a p p r e c i a t e d   t h a t   a  r a d a r  

r e f l e c t o r   a c c o r d i n g   to   t he   p r e s e n t   i n v e n t i o n   may  be  u s e d  

w h e r e v e r   i t   i s   r e q u i r e d   to   p r o v i d e   a  s i g n i f i c a n t   r a d a r  

r e f l e c t i v e   t a r g e t .  



1.  A  c o l l a p s i b l e   r a d a r   r e f l e c t o r   c o m p r i s i n g   an  i n f l a t a b l e  

b l a d d e r   of  f l e x i b l e   a i r t i g h t   m a t e r i a l   w h i c h   is  s u b s t a n t i a l l y  

t r a n s p a r e n t   to  r a d a r   s i g n a l s   and  c o n t a i n e d   w i t h i n   the   b l a d d e r  

a  r a d a r   r e f l e c t o r   e l e m e n t   of  f l e x i b l e   r a d a r   r e f l e c t i v e  

m a t e r i a l   w h i c h   is  s e c u r e d   to  t he   i n s i d e   of  t he   b l a d d e r   so  a s  

to  be  d e p l o y e d   c o n s e q u e n t   upon  i n f l a t i o n   of  the   b l a d d e r .  

2.  A  c o l l a p s i b l e   r a d a r   r e f l e c t o r   as  c l a i m e d   in  c l a i m   1 ,  

w h e r e i n   t he   b l a d d e r   is  c o n s t r u c t e d   to  d e f i n e   an  o c t a h e d r o n  

h a v i n g   e i g h t   t r i a n g u l a r   s i d e s   of  s i m i l a r   s i z e .  

3.  A  c o l l a p s i b l e   r a d a r   r e f l e c t o r   as  c l a i m e d   in  c l a i m   2 ,  

w h i c h   is  s t r e n g t h e n e d   by  means   of  c o r d s   w h i c h   a re   a r r a n g e d   t o  

e x t e n d   b e t w e e n   a d j a c e n t   a p e x e s   and  o p p o s i n g   a p e x e s   of  t h e  

e i g h t   t r i a n g u l a r   s i d e s   w h i c h   d e f i n e   the   o c t a h e d r o n ,   the   l e n g t h  

of  t h e   c o r d s   b e i n g   such   as  to  c o n s t r a i n   t he   b l a d d e r   w h e n  

i n f l a t e d   to  d e f i n e   an  o c t a h e d r a l   s h a p e ,   a n c h o r a g e   means   f o r  

t he   c o r d s   b e i n g   p r o v i d e d   at   e a c h   of  t he   a p e x e s .  

4.  A  c o l l a p s i b l e   r a d a r   r e f l e c t o r   as  c l a i m e d   in  c l a i m   3 ,  

w h e r e i n   t he   b l a d d e r   is  c o n s t r u c t e d   f rom  e i g h t   p a n e l s   e a c h   o f  

w h i c h   d e f i n e s   t he   s h a p e   of  an  e q u i l a t e r a l   t r i a n g l e .  

5.  A  c o l l a p s i b l e   r a d a r   r e f l e c t o r   as  c l a i m e d   in  c l a i m   4 ,  

w h e r e i n   the   r a d a r   r e f l e c t o r   e l e m e n t   w h i c h   is  f a b r i c a t e d   o f  



r a d a r   r e f l e c t i v e   m a t e r i a l   is  a r r a n g e d   to  d e f i n e   a  c o r n e r  

r e f l e c t o r .  

6.  A  c o l l a p s i b l e   r a d a r   r e f l e c t o r   as  c l a i m e d   in  c l a i m   5 ,  

w h e r e i n   t he   c o r n e r   r e f l e c t o r ,   when  t h e   b l a d d e r   is  i n f l a t e d ,  

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

p a n e l s   h a v i n g   m u t u a l l y   c o n t i g u o u s   d i a g o n a l s ,   f o r m e d   by  t w e l v e  

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

45°  i n t e r n a l   a n g l e s .  

7.  A  c o l l a p s i b l e   r a d a r   r e f l e c t o r   as  c l a i m e d   in  c l a i m   3 ,  

w h e r e i n   t h e   a n c h o r a g e   means   c o m p r i s e   t r u n c a t e d   p y r a m i d a l   o r  

c o n i c a l   a n c h o r a g e   d e v i c e s   h a v i n g   a  h o l e   f o r m e d   in  t h e  

t r u n c a t e d   end  f o r   c o r d   a n c h o r a g e   p u r p o s e s   and  w h i c h   a re   m a d e  

f r o m   two  c o m p l i m e n t a r y   p a r t s   w h i c h   s t a c k   one  w i t h i n   t he   o t h e r  

w h e r e b y   t h e   m a t e r i a l   of  t h e   b l a d d e r   can  be  s a n d w i c h e d   b e t w e e n  

t h e m .  

8.  A  c o l l a p s i b l e   r a d a r   r e f l e c t o r   as  c l a i m e d   in  c l a i m   3 ,  

w h e r e i n   t h r e e   d i a m e t r i c a l l y   a r r a n g e d   c o r d s   a r e   u s e d   c o n n e c t e d  

b e t w e e n   o p p o s i n g   a p e x e s   of  t he   e i g h t   t r i a n g u l a r   s i d e s   a n d  

t w e l v e   c o r d a l   c o r d s   a r e   u s e d   c o n n e c t e d   b e t w e e n   a d j a c e n t   a p e x e s  

of   t h e   e i g h t   t r i a n g u l a r   s i d e s   w h i c h   d e f i n e   t he   o c t o h e d r o n .  

9.  A  c o l l a p s i b l e   r a d a r   r e f l e c t o r   as  c l a i m e d   in  any  p r e c e d i n g  

c l a i m   w h e r e i n   t h e   i n f l a t a b l e   b l a d d e r   is  a r r a n g e d   to  embody  a n  

i n l e t   v a l v e ,   h a v i n g   a s s o c i a t e d   w i t h   i t   a  c o m p r e s s e d   gas   b o t t l e  

w h i c h   can  be  u s e d   to  i n f l a t e   t he   b l a d d e r .  



10.  A  c o l l a p s i b l e   r a d a r   r e f l e c t o r   as  c l a i m e d   in  a n y  o n e   o f  

c l a i m s   1  to   8  a r r a n g e d   to  fo rm  a  p a r t   of  a  m a r k e r   b u o y .  
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