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54)  Flying  disc  and  method  of  attaching  a  disc  to  a  ring. 

(§5  A  molded  flying  disc  with  most  of  the  weight  concen- 
trated  in  an  outer  annular  ring  (21).  The  central  opening 
in  the  ring  (21)  is  covered  by  a  thin  sheet  (22)  of  material, 
such  as  plastic  or  cloth,  stronger  than  a  sheet  of  the  mold- 
ed  material  of  the  same  thickness  and  diameter.  The  peri- 
meter  of  the  sheet  (22)  is  attached  to  the  ring  (21). 
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F i e l d   of  t h e   I n v e n t i o n  

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

t o   t o y   d i s c s   t h r o w n   by  h a n d   in   s u c h   a  way  as  t o   h a v e   b o t h   f o r -  

w a r d   and   a n g u l a r   m o m e n t u m .  

T h e   P r i o r   A r t  

The  t y p e   of   t o y   w i t h   w h i c h   t h i s   i n v e n t i o n   i s   c o n c e r n e d  

i s   s i m i l a r   t o   d i s c s   m a r k e t e d   u n d e r   t h e   name  F r i s b e e   by  W h a m - 0  

C o r p o r a t i o n .   S u c h   a  t o y   has   a  r e l a t i v e l y   f l a t ,   c i r c u l a r   c e n t r a l  

p l a t e   w i t h   an  o u t e r   r i m   c u r v e d   away   f r o m   t h e   p l a t e   to   f o r m   a  

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

r e s e m b l i n g   an  a i r   f o i l .   The  t h i c k e s t   p a r t   of   t h e   a i r   f o i l   i s  

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

so  of   t h e   d i s t a n c e   f r o m   t h e   e d g e   to   t h e   p l a t e .   The  i n w a r d l y  

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

i n   c r o s s   s e c t i o n   a n d ,   t h e r e f o r e ,   d e f i n e s   a  g e n e r a l l y   c y l i n d r i -  

c a l   s u r f a c e .   The  e n t i r e   F r i s b e e   i s   m o l d e d   of   a  s u i t a b l e   t h e r m o -  

p l a s t i c   m a t e r i a l ,   s u c h  a s   p o l y e t h y l e n e ,   and  t h e   c y l i n d r i c a l   c o n -  

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

e a s y   to   r e m o v e   t h e   F r i s b e e   f r o m   t h e   m o l d .  

W h i l e   t h e   c e n t r a l   s e c t i o n   h a s   b e e n   r e f e r r e d   to   as   a  p l a t e ,  

i t   n e e d   n o t   be  p e r f e c t l y   f l a t ,   a l t h o u g h   i t   may  b e .   F r e q u e n t l y  

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

v i e w e d   f r o m   t h e   s i d e   away  f r o m   t h e   r i m .   H o w e v e r ,   t h e   c e n t r a l  

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



i t   w i l l   be  r e f e r r e d   to   as  p l a n a r   h e r e i n a f t e r .  

I n t e r e s t   i n   F r i s b e e s ,   w h i c h   a m o u n t s  v i r t u a l l y   t o   a  c u l t ,  

i s   b a s e d   on  t h e i r   f l i g h t   c h a r a c t e r i s t i c s .   The  s h a p e   o f   t h e  

F r i s b e e   g i v e s   i t   l i f t ,   w h e n   p r o p e r l y   t h r o w n ,   so  t h a t   i t   d o e s  

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

o f   t h e   same  m a s s   t h r o w n   w i t h   t h e   same  f o r c e .   Some  F r i s b e e   e n -  

t h u s i a s t s   t r y   t o   t h r o w   a  F r i s b e e   so  t h a t   i t   f l i e s   a s   f a r   a s  

p o s s i b l e ,   a n d   c o n t e s t s   a r e   h e l d   f o r   t h a t   p u r p o s e .   O t h e r   e n -  

t h u s i a s t s   l i k e   t o   t h r o w   t h e   F r i s b e e   b a c k   and   f o r t h   t o   e a c h  

o t h e r ,   e i t h e r   k e e p i n g   t h e   F r i s b e e  i n   t h e   a i r   o r   b o u n c i n g   i t  

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

p l a y e r s   t r y   t o   c a u s e   t h e i r  F r i s b e e s   to   f o l l o w   u n u s u a l ,   c u r v e d  

f l i g h t   p a t h s .  

As  m i g h t   be  e x p e c t e d ,   t h e   v a r i o u s   r e q u i r e m e n t s   o f  d i f f e r e n t  

p l a y e r s  h a v e   l e d   to   d i f f e r e n t   F r i s b e e   d e s i g n s .   A  m a i n   d i f f e r -  

e n c e - i s   i n  t h e   w e i g h t ,   w h i c h   may  b e  a s   l i g h t   as   a b o u t   110  g r a m s  

o r   as   h e a v y   as  a b o u t . 1 8 0   g r a m s .   Wind  c o n d i t i o n s   h a v e   an  i m -  

p o r t a n t   b e a r i n g   on  t h e   p a r t i c u l a r   F r i s b e e   t h a t   an  e n t h u s i a s t  

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

in   w i n d y   w e a t h e r .  

A l t h o u g h   p o l y e t h y l e n e   d o e s  n o t  s h a t t e r   as   w o u l d   a  m o r e  

b r i t t l e   m a t e r i a l ,   i t   c a n   be  n i c k e d   p a r t i c u l a r l y  w h e n   i t   i s  

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

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

c a n   make   t h e   F r i s b e e   p a i n f u l   t o  c a t c h .  



The  f l i g h t   c h a r a c t e r i s t i c s   o f   a  F r i s b e e   a r e  

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

e s p e c i a l l y   on  t h e   c o n v e x   s u r f a c e .   F r i s b e e s   a r e   n o r m a l l y  

t h r o w n   w i t h   t h e   r i m   e x t e n d i n g   d o w n w a r d l y   f r o m  t h e   p l a t e ,  

w h i c h   i s   e q u i v a l e n t   to   s a y i n g   t h a t   t h e   c o n v e x   s u r f a c e s  

f a c e   u p w a r d l y .   F o r   t h i s   r e a s o n   t h e   c o n v e x   s u r f a c e s   w i l l  

be  r e f e r r e d   t o   as  t h e   u p p e r   o n e s   and   t h e   c o n c a v e   s u r f a c e s  

as  t h e   l o w e r   o n e s   i n   t h e   f o l l o w i n g   d e s c r i p t i o n .  

T h e r e   i s   a  R i g h t   Hand   R u l e   o f   S p i n n i n g   O b j e c t s  

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

w i l l   be  f o l l o w e d   by  a  s p i n n i n g   d i s c .   I t   h a s   b e e n   f o u n d  

d e s i r a b l e   to   m o l d   s l i g h t l y   r a i s e d ,   c o n c e n t r i c a l l y  

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

t h e   o u t e r   p a r t   t h e r e o f  t o   r e d u c e   a i r   d r a g   and   i m p r o v e  

p r e c e s s i o n a l   q u a l i t i e s   o f   t h e   F r i s b e e   by  c o u n t e r a c t i n g  

t h e   f o r c e   p r o d u c e d   by  t h e   R i g h t   Hand  R u l e   j u s t   m e n t i o n e d .  

U . S .   P a t e n t   3 , 3 5 9 , 6 7 8   to   H e a d r i c k   d e s c r i b e s   s u c h   r i d g e s ,  

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

" s p o i l e r s " .   I t   i s   t h o u g h t   t h a t   s u c h   c o n c e n t r i c   r i n g  

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

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

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

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

so  i n   s h o r t e r   f l i g h t s .  

O t h e r   p u b l i c a t i o n s   t h a t   d e s c r i b e   c h a r a c t e r i s t i c s  

o f   F r i s b e e s   a r e   t h e   b o o k   FRISBEE  by  S t a n c i l   E . D .   J o h n s o n ,  

M.D.  p u b l i s h e d   by  Workman  P u b l i s h i n g   C o m p a n y ,   New  Y o r k ,  

and   a  p a p e r   e n t i t l e d   " A d a p t a t i o n   o f   t h e   F r i s b e e - F l i g h t  

P r i n c i p l e   to   D e l i v e r y   o f   S p e c i a l   O r d i n a n c e "   by  G . D .  

S t i l l e y   o f   H o n e y w e l l   I n c o r p o r a t e d  



a n d   D.  L.  C a r s t e n s   of   t h e   N a v a l   A m m u n i t i o n   D e p o t ,   C r a n e ,   I n d i -  

a n a ,   and   p r e s e n t e d   a t   t h e   AIAA  2nd  A t m o s p h e r i c   F l i g h t   M e c h a n i c s  

C o n f e r e n c e   a t   P a l o   A l t o ,   C a l i f o r n i a ,   S e p t e m b e r   1 1 - 1 3 ,   1 9 7 2  

(AIAA  P a p e r   No.  7 2 - 9 8 2 ) .  

OBJECTS  AND  SUMMARY  OF  THE  I N V E N T I O N  

I t   i s   one   o f   t h e   o b j e c t s   o f   t h i s   i n v e n t i o n   t o   p r o v i d e   a  

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

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

s t r u c t u r a l   f e a t u r e s .  

S t i l l   a n o t h e r   o b j e c t   i s .  t o   p r o v i d e   a  d i s c   w i t h   s n a p -  

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

A n o t h e r   o b j e c t   i s   t o   p r o v i d e   a  d i s c   w i t h   i m p r o v e d   s p o i l e r s  

t h a t   o p e r a t e   a t   low  f o r w a r d   v e l o c i t y   o f   t h e   d i s c .  

A  f u r t h e r   o b j e c t   i s   to   p r o v i d e   a  d i s c   w i t h   i m p r o v e d   a i r  

f o i l .  

A  s t i l l   f u r t h e r   o b j e c t   i s   t o   p r o v i d e   a  d i s c   o f   i m p r o v e d  

s t r e n g t h   t o   w e i g h t   r a t i o .  

A  s t i l l   f u r t h e r   o b j e c t   i s   to   i n c r e a s e   t h e   a n g u l a r   m o m e n t u m  

of   a  f l y a b l e   t o y   d i s c .  

Y e t   a n o t h e r   o b j e c t   i s   t o   p r o v i d e   a  d i s c   s u i t a b l e   f o r   p r i n t -  

i n g   a r t   w o r k   by  p h o t o g r a p h i c   t e c h n i q u e s .  

A  s t i l l   f u r t h e r   o b j e c t   i s   t o   p r o v i d e   a  d i s c   on  w h i c h   i n -  

d i v i d u a l   a r t   w o r k   c a n   be  p r i n t e d   p h o t o g r a p h i c a l l y .  

O t h e r   o b j e c t s   w i l l   b e c o m e   a p p a r e n t   f r o m   t h e   f o l l o w i n g   d e -  

t a i l e d   d e s c r i p t i o n   and   c l a i m s   and   t h e   a s s o c i a t e d   d r a w i n g s .  



BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

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

t h i s   i n v e n t i o n .  

F i g .   2  i s   a  c r o s s - s e c t i o n a l   v i e w   of   a  f r a g m e n t  

o f   a  d i s c   o f   t h e   t y p e   i n   F i g .   1 .  

F i g .   3  i s   a  c r o s s - s e c t i o n a l   v i e w   of   a  f r a g m e n t  

of   a n o t h e r   e m b o d i m e n t   o f   a  d i s c   s i m i l a r   to   t h a t   i n   F i g .   1 .  

F i g .   4  i s   a  c r o s s - s e c t i o n a l   v i e w  o f   s t i l l  

a n o t h e r   e m b o d i m e n t   o f .  a   d i s c   s i m i l a r   t o   t h a t   i n   F i g .   1 .  

F i g .   5  i s   a  c r o s s - s e c t i o n a l   v i e w   of   t h e   s t r u c t u r e  

i n   F i g .   4  a t   a  l a t e r   s t a g e   o f   c o n s t r u c t i o n .  

F i g s .   6 - 8   a r e   e n l a r g e d   p e r s p e c t i v e   v i e w s   o f  

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

be  u s e d .  

F i g .   9  i s   a  c r o s s - s e c t i o n a l   v i e w   o f   a  f r a g m e n t  

o f   a  d i s c   w i t h   an  e x t e r n a l   s n a p - o n   r i m   c o v e r .  

F i g .   10  i s   a  c r o s s - s e c t i o n a l   v i e w   o f   a  f r a g m e n t  

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

F i g .   11  i s   a  c r o s s - s e c t i o n a l   v i e w   o f   a  f r a g m e n t  

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

F i g .   12  i s   a  c r o s s - s e c t i o n a l   v i e w   o f   a  f r a g m e n t  

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

F i g .   13  i s   a  c r o s s - s e c t i o n a l   v i e w   o f   m o d i f i e d  

a t t a c h m e n t   m e a n s   f o r   j o i n i n g   a  c e n t r a l   web  to   an  a n n u l a r  

r i m   to   f o r m   a  f l y i n g   d i s c .  

F i g .   14  i s   an  e n l a r g e d   c r o s s - s e c t i o n a l   v i e w   o f  

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

web ,   and   m e a n s   f o r   j o i n i n g   t h e m   t o g e t h e r .  



DETAILED  DESCRIPTION  OF  THE  I N V E N T I O N  

Fig.   1  is  a  top  view  o f a   d e c o r a t e d   d i sc   shaped  l i k e   a  F r i s b e e  

and  c o m p r i s i n g  a n   a n n u l a r   member  21  and  a  c i r c u l a r   c e n t r a l   s h e e t ,   o r  

web  22  t h e  p e r i m e t e r   of  which  is   j o i n e d   to  the  r a d i a l l y   i nne r   p a r t   o f  

the  member  21.  The  top  s u r f a c e   of  the  a n n u l a r   member  21  h a s  a   c i r c u l a r  

a r r a y   of  s p o i l e r s   23,  which  are  i l l u s t r a t e d  i n   t h i s   f i g u r e   as  a  s e r i e s  

of  r a i s e d ,   narrow  r i d g e s   each  of  which  ex t ends   in  a  s u b s t a n t i a l l y   r a d i a l  

d i r e c t i o n .   S e v e r a l   e m b o d i m e n t s  o f   s u i t a b l e   s p o i l e r s   w i l l   be  d e s c r i b e d  

f a r t h e r   on  in  t h i s   d e s c r i p t i o n .  

The  c e n t r a l   open ings   in  the  a n n u l a r   member.21  is  covered   by  a  

d i s c   o f  s t r o n g ,   l i g h t w e i g h t   m a t e r i a l ,   such  as  Mylar  or  E s t a r   brand  f i l m  

(a  t r ademark   of  Eastmen  Kodak  Co. ) ,   or  s i m i l a r   p o l y e s t e r  f i l m   t h a t   h a s  

a  good  s t r e n g t h - t o - w e i g h t   r a t i o ,   or  a  f i lm   of  o the r   s u i t a b l e   m a t e r i a l s ,  

such  as  a c r y l i c   m a t e r i a l   or  p o l y c a r b o n a t e   m a t e r i a l s ,   or  a  l a m i n a t e   o f  

p o l y e t h y l e n e   and  p o l y e s t e r ,   or  even  c l o t h ,   such  as  denim.  The  M y l a r  

and  o t h e r   p l a s t i c   f i lms   need  only  be  of  t h e  o r d e r   of  about  .007"  t o  

about  .011"  t h i c k ,   which  is  t h i n n e r   than  even  the  t h i n n e s t   p o l y e t h y l e n e  

web  t h a t   can  be  s a t i s f a c t o r i l y   molded  i n t e g r a l l y  w i t h   the  a n n u l a r   o u t e r  

s e c t i o n .  

The  use  of  a  l i g h t w e i g h t ,   but  s t r o n g   c e n t r a l   web  22  has ,   as  two 

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

and  l i g h t e r   weight   than  a  t h i n ,   i n t e g r a l l y   molded  p o l y e t h y l e n e   web,  w h i c h  

means  t h a t   for   a  p o l y e t h y l e n e   molded  annu l a r  member   21  of  e x a c t l y   the  same 

c o n f i g u r a t i o n ,   the  t w o - p a r t   d i s c   ( a n n u l a r   member  and  web)  w i l l   s tand   up  

under  g r e a t e r  



a b u s e   t h a n   an  i n t e g r a l l y  m o l d e d ,   o n e - p a r t   d i s c .   The  g r e a t e r  

c o n c e n t r a t i o n   of  w e i g h t   in   t h e   o u t e r   a n n u l a r   m e m b e r ,   or   r i n g ,  

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

i n   g r e a t e r   s t a b i l i t y   and   f l i g h t s   o f   l o n g e r   d u r a t i o n   and   d i s -  

t a n c e   f o r   a  g i v e n   i m p e t u s . .   A  m y l a r   web  22  w i t h   a  t h i c k n e s s  

o f   o n l y   . 0 0 7 "   u s i n g   . 0 0 3 "   l a m i n a t i n g   m a t e r i a l   w e i g h s   a p p r o x i -  

m a t e l y  1 2   g r a m s   and   c a n   r e p l a c e   an  i n t e g r a l l y   m o l d e d   c e n t r a l  

web  p o r t i o n   w e i g h i n g   a b o u t   50  g r a m s   in   e x i s t i n g   F r i s b e e s ,   t h u s  

r e s u l t i n g   i n   a  w e i g h t   r e d u c t i o n   of   a b o u t   24%.  S i n c e   t h e   r e -  

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

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

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

s l o w e r   v e l o c i t y ,   and   s l o w e r   d r o p   r a t e .   T h i s   a l l o w s   two  p l a y e r s  

t h r o w i n g   s u c h   a  d i s c   b a c k   and  f o r t h   t o   e a c h   o t h e r   m o r e   t i m e   t o  

c a t c h   i t .   F u r t h e r m o r e ,   t h e   m y l a r   or   o t h e r   p l a s t i c   web  i s   v e r y  

s m o o t h ,   w h i c h   r e d u c e s   d r a g   and   r e s u l t s   in   f l i g h t s   of   s t i l l   g r e a t -  

e r   d i s t a n c e .  

T e s t s   made  to   d e t e r m i n e   t h e   p u n c t u r e   s t r e n g t h   of   m y l a r  

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

i n t e g r a l l y   m o l d e d   c e n t r a l   p o l y e t h y l e n e   web  of   a  Wham-0   S u p e r P r o  

F r i s b e e   and   t o   c o m p a r e   t h e   s t r e n g t h   so  m e a s u r e d   w i t h   t h e   s t r e n g t h  

of   t h e   D 7 9 "   t h i c k   i n t e g r a l l y   m o l d e d   c e n t r a l   web  of   m o l d   # 6 0  

S u p e r P r o   F r i s b e e s   w e r e   c a r r i e d   o u t   as   f o l l o w s .   The  r o u n d ,   o r  

s h a n k ,   end   o f   a  . 0 8 9 "   d r i l l   b i t   was  c u t   o f f   p e r p e n d i c u l a r   t o   i t s  

a x i s   and  t h e   i n t e r s e c t i o n   o f   t h e   c u . t - o f f   end  and   t h e   c y l i n d r i c a l  

s i d e   was  l e f t   s h a r p   and   n o t   b e v e l e d .   The  b i t   was  p l a c e d   in   a  



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

a n d   t h e   v i c e   was  p l a c e d   on  a  b a t h r o o m   s c a l e .   The  z e r o  

a d j u s t m e n t   k n o b   o f   t h e   s c a l e   was  t u r n e d   t o   b r i n g   t h e   s c a l e  

p o i n t e r   t o   z e r o ,   and   t h e   i n t e g r a l l y   m o l d e d  w e b   o f   a  . 0 7 9 "  

t h i c k   m o l d   # 6 0   S u p e r P r o   F r i s b e e   was  f o r c e d   down  on  t h e  

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

b e f o r e   r u p t u r e   was   n o t e d ,   and   t h e   same  e x p e r i m e n t   w a s  

p e r f o r m e d   on  f i v e   s u c h   F r i s b e e s .   The  a v e r a g e   o f   t h e   f i v e  

s c a l e   r e a d i n g s   t h u s   o b t a i n e d   w a s  1 9 . 4   p o u n d s .  

The  same  s e t - u p   was  t h e n   u s e d   t o   r u p t u r e   . 0 0 7 "  

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

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

S u p e r - P r o   r i n g s .   S i x   s u c h   M y l a r   webs   w e r e   r u p t u r e d   a n d  

t h e   a v e r a g e   r u p t u r e   p r e s s u r e   was  25  p o u n d s ,   w h i c h   i s   26% 

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

e v e n   t h o u g h   t h e   M y l a r   was  much  t h i n n e r .  

A  s i m i l a r   s e t   o f   e x p e r i m e n t s   was  p e r f o r m e d   u s i n g  

a  b l u n t   p r e s s e r ,   t h e   . 1 1 6 "   d i a m e t e r   r e l a t i v e l y   s p h e r i c a l l y  

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

s e t   o f   e x p e r i m e n t s   f i v e   F r i s b e e s   o f   a  t y p e  h a v i n g   a n  

i n t e g r a l l y   m o l d e d   p o l y e t h y l e n e   web  t h i c k n e s s   o f   . 0 7 4 "  

w e r e   u s e d ,   a n d  t h e   a v e r a g e   r u p t u r e   p r e s s u r e   was  3 2 . 6  

p o u n d s .   The  a v e r a g e   o f  s i x   r e a d i n g s   o f   t h e   same  t y p e   o f  

M y l a r   s u b j e c t e d   t o   t h e   same  p r e s s e r   was  5 0 . 6 7   p o u n d s ,  

w h i c h   i n d i c a t e d   t h e   M y l a r   was  54%  s t r o n g e r   t h a n   t h e   m u c h  

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

b l u n t   i n s t r u m e n t .  

S t i l l   a n o t h e r   a d v a n t a g e   o f   M y l a r   i s   t h a t   i t   i s  

a  s u i t a b l e   p h o t o g r a p h i c   b a s e   on  w h i c h   to   r e p r o d u c e  

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

m e s s a g e s .   F i g .   1  s h o w s   a  s i m p l e   d e s i g n ,   t h e   y i n   a n d  

. y a n g   o f   C h i n e s e   a n t i q u i t y ,   b u t   t h i s   i s   o n l y   a  s i m p l e  
i l l u s t r a t i o n .   P e r s o n   p h o t o g r a p h s   c a n   be  p r i n t e d   on  a  

M y l a r   o r   t h e   l i k e   s u c h   as  Kodak   E x t a c o l o r   I . D .   P r i n t  

M a t e r i a l   # 4 0 2 3   w i t h   a  w h i t e   b a c k   E s t e r   b a s e   t o   p r o v i d e  

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

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

a r e a .   D e s i g n s   on  t h e   p l a s t i c   o r   c l o t h   webs   c an   a l s o   b e  

p r i n t e d   by  s i l k   s c r e e n i n g ,   and   c l o t h   webs   c a n   be  e m b r o i d e r e d .  



One  s u r f a c e   o f   t h e   M y l a r   c an   a l s o   ( o r  

a l t e r n a t i v e l y )   be  g i v e n   a  r e f l e c t i v e   c o a t i n g   to   s e r v e  

as  a  s i g n a l l i n g   m i r r o r   or   e v e n   a  s o l a r   s t o v e   by  c o v e r i n g  

t h e   c o n c a v e   s i d e   o f   t h e   d i s c   w i t h   a  r u b b e r  m e m b r a n e   t h a t  

c l o s e s   t h e   s p a c e   a i r t i g h t   and   t h e n   p u l l i n g   t h e   c e n t r a l  

p a r t   o f   t h e   m e m b r a n e   to   c r e a t e   a  s p h e r i c a l l y   c o n c a v e  

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

A n o t h e r   a l t e r n a t i v e   i s   t o   l e a v e   t h e   M y l a r   o r   o t h e r   p l a s t i c  

web  t r a n s p a r e n t   b u t   f o r m   one  o r   b o t h   o f   i t s   s u r f a c e s   i n t o  

a  F r e s n e l   l e n s   to   c o n c e n t r a t e   t h e   s u n ' s   r a y s .  

F i g .   2  s h o w s   p a r t   o f   t h e   a n n u l a r   r i n g   21  i n  

c r o s s   s e c t i o n .   In   t h i s   e m b o d i m e n t   t h e   p e r i m e t e r   o f   w e b  

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

o f   t h e   r i n g   21  and   t h e   r a d i a l l y   i n n e r   e n d s   o f   t h e   s p o i l e r s  

23  t e r m i n a t e   a t   t h e   p e r i p h e r y   o f   t h e   web .   The  a d h e s i v e  

may  be  n e o p r e n e   w i t h   1,  1,  1 - t r i c h l o r o e t h a n e   as  a  t h i n n e r .  

The  p a r t   o f   t h e   s u r f a c e   o f   t h e   r i n g   to   w h i c h   t h e   web  i s  

t o   a d h e r e   i s   o x i d i z e d ,   e i t h e r   c h e m i c a l l y   o r   by  b e i n g  

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

t h a t   p a r t   o f   t h e   s u r f a c e   o f   t h e   r i n g   21  s l i g h t l y   s h i n y .  

To  a p p l y   t h e   f l a m e ,   t h e   r i n g   may  be  m o u n t e d   on  a  t u r n t a b l e  

and   r o t a t e d   a t   a b o u t   20  t o   100  r . p . m .   f o r   s e v e r a l   s e c o n d s ,  

t i m e   e n o u g h   f o r   t h e   t u r n t a b l e   to   r o t a t e   f r o m   a b o u t   t w o  

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

t h e   s u r f a c e   t o   be  o x i d i z e d .   The  o x i d i z e d   i n n e r   a n n u l a r  

p a r t   o f   t h e   r i n g   21  i s   c o a t e d   w i t h   t h e   a d h e s i v e   as  i s  

t h e   p a r t   o f   t h e   web  22  to   be  j o i n e d   to   t h e   r i n g .   T h e  

a d h e s i v e   i s   a l l o w e d   to   d r y   f o r   a b o u t   15  m i n u t e s   to   3  

h o u r s   on  t h e   web  a n d  



the  r i n g   b e f o r e   they  are  b r o u g h t   in to   c o n t a c t   wi th   each  o t h e r .   Then  t h e  

a d h e s i v e - c o a t e d   o u t e r m o s t   a n n u l a r   p a r t   of  the  web  22  is  p r e s s e d   a g a i n s t  

the  a d h e s i v e - c o a t e d   i n n e r m o s t   a n n u l a r   p a r t   of  the  r i n g   21  wi th   a  f o r c e  

of  about   250  to  1000  l b . / s q .   in .   p r e s s u r e   for   about   10  seconds   or  l o n g e r .  

A  p r e s s u r e   of  500  l b . / s q .   in .   for   15  seconds   has  been  found  q u i t e   s a t i s -  

f a c t o r y .  

W h i l e   o n e  i n n e r   s e c t i o n   24  o f   t h e   r i n g   21  i s  

r e l a t i v e l y   s t r a i g h t   i n   t h i s   c r o s s   s e c t i o n a l   v i e w   a n d ,  

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



t a p e r e d ,   in   i t s   f u l l ,   t h r e e - d i m e n s i o n a l   f o r m ,   a  h i g h e r   i n n e r  

s u r f a c e   p a r t   26  i s   d i s t i n c t l y   c u r v e d   t o   f i t   b e t t e r   on  t h e   t i p s  

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

In   F i g .   3  t h e   web  22  i s   c a p t u r e d   b e t w e e n   t h e   i n n e r   p a r t  

27  of   t h e   r i n g   21  and   t h e   u n d e r   s i d e   28  of   t h e   s e c t i o n   o f   t h e  

r i n g   b e n e a t h   t h e   s p o i l e r s   2 3 .   In   f a c t ,   t h e   s p o i l e r s   23  i n   t h i s  

e m b o d i m e n t   may ,   i n s t e a d   o f   b e i n g   i n t e g r a l l y   m o l d e d   w i t h   t h e   r i n g ,  

be  i n d i v i d u a l   s t r i p s   of   s u i t a b l e   m a t e r i a l ,   s u c h   as   a  c l o t h . b a s e d  

t a p e ,   one   s u r f a c e   o f   w h i c h   i s   c o a t e d   w i t h   p r e s s u r e - s e n s i t i v e  

a d h e s i v e   t h a t   i s   c a p a b l e   o f  s t i c k i n g   to   t h e   m a t e r i a l   22 .   As  a  

f u r t h e r   a l t e r n a t i v e ,   t h e   p e r i p h e r a l   r e g i o n   of   t h e   web  22  m a y  

be  m o l d e d   w i t h i n   t h e   i n w a r d l y   e x t e n d i n g   p a r t   o f   t h e   r i n g   2 1  

and   n o t   m e r e l y   b e t w e e n   t h e   s p o i l e r s   23  a n d   an  u n b r o k e n  a n n u l a r  

r e g i o n   t h e r e b e l o w .  

F i g .   4  shows   an  a n n u l a r   m e m b e r   2 1  m o d i f i e d   by  h a v i n g   a  

p l u r a l i t y   o f   p r o j e c t i o n s   28  m o l d e d   n e a r   i t s   i n n e r   p e r i m e t e r  

and   e x t e n d i n g   s u b s t a n t i a l l y   p a r a l l e l   to   t h e   a x i s   of   t h e   a n n u l a r  

m e m b e r .   The  web  22  has   p l u r a l i t y   o f   h o l e s   29  t h a t   f i t   o v e r   t h e  

p r o j e c t i o n s   28.   F o r   a d e q u a t e   d i s p e r s i o n   of   s t r e s s e s ,   t h e r e  

s h o u l d   be  p r e f e r a b l y   a b o u t   50  p i n s   28  and   h o l e s   2 9 .  

F i g .   5  s h o w s   t h e   same  s t r u c t u r e   as  F i g .   4  b u t   a t   a  l a t e r  

s t e p   o f   m a n u f a c t u r e   a f t e r   t h e   p i n s   28  h a v e   b e e n   h e a t e d  a n d   f l a t -  

t e n e d   o u t .   F i g .   5  a l s o  s h o w s   a  c r o s s - s e c t i o n   of   an  a n n u l a r   r i n g  

31  of   p a p e r   h a v i n g   p r e s s u r e - s e n s i t i v e   c e m e n t   on  i t s   l o w e r   s u r -  

f a c e   so  t h a t   i t   c an   be  s e a l e d   o v e r   t h e   f l a t t e n e d   p i n s .  

The  m y l a r   webs   22  a t t a c h e d   to   a n n u l a r   r i n g s   21  as  s h o w n  



i n   F i g s .   1 - 5   a r e   n o t   o n l y   m o r e   r e s i s t a n t   t o   r u p t u r e   by  e i t h e r  

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

m o l d e d   p o l y e t h y l e n e   webs   b u t   a r e   more   r e s i s t a n t   to   d e f l e c t i o n .  

F o r   e x a m p l e ,   a  t w o - p o u n d   w e i g h t   r e s t i n g   in   t h e   c e n t e r   of   a  

F r i s b e e   h a v i n g   a  web  t h i c k n e s s   o f   a b o u t   . 0 5 5 "   c a u s e s   a  d e f l e c -  

t i o n  o f   a b o u t   . 4 4 " .   A  l a m i n a t e d   m y l a r  w e b   a t t a c h e d   t o   t h e  

o u t e r   r i n g   o f   t h e   same  t y p e   o f   F r i s b e e   a f t e r   t h e   i n t e g r a l l y  

m o l d e d   web  h a s   b e e n   r e m o v e d   i s   d e f l e c t e d   o n l y   a b o u t   1 6 " ,   w h i c h  

i s   a b o u t   36%  of   t h e  d e f l e c t i o n   of   t h e   much   t h i c k e r   p o l y e h t y l e n e  

w e b .   I t   h a s   b e e n   s u g g e s t e d  t h a t   t o o   t h i n   a  w e b   ( o f   t h e   i n t e -  

g r a l l y   m o l d e d   t y p e )   i s   d e f l e c t e d   t o o   much  i n   f l i g h t ,   w h i c h   i n t e r -  

f e r s   w i t h   i t s   f l y i n g   c h a r a c t e r i s t i c s .   The  much   m o r e   r i g i d   w e b  

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

F i g s .   6 - 8   show  r a d i a l   s p o i l e r s   t h a t   may  be  u s e d   i n s t e a d   o f  

t h e   s p o i l e r s   23  t h a t   e x t e n d   p a r t l y   in   a  r a d i a l   d i r e c t i o n   a n d  

p a r t l y   t a n g e n t i a l l y .   The  s p o i l e r s   i n   F i g s .   6 - 8   a r e   i n t e g r a l l y  

m o l d e d   on  t h e   u p p e r   s u r f a c e   of   t h e   a n n u l a r   m e m b e r   21 .   I n  F i g . 6  

t h e   s p o i l e r s   32  h a v e   a  r e c t a n g u l a r   c r o s s   s e c t i o n ;   i n   F i g .   7  t h e  

s p o i l e r s   33  h a v e   a  r o u n d e d ,   and   i n   f a c t ,   a  s i n u s o i d a l ,   c r o s s  

s e c t i o n ;   and  i n   F i g .   8  t h e   s p o i l e r s   34  h a v e   a  t r i a n g u l a r   c r o s s  

s e c t i o n .   The  s p o i l e r s   s h o u l d   be  b a l a n c e d   a b o u t   t h e   a x i s   of   t h e  

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

a p a r t .   F o r   e x a m p l e ,   t h e   s p o i l e r s   as  shown   in   any   of   F i g s .   6 - 8  

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

g r o u p   h a v i n g   one  a n g u l a r   s p a c i n g ,   t h o s e   in   t h e   s e c o n d   g r o u p  

h a v i n g  a  s e c o n d   s p a c i n g ,   and   t h o s e   i n   t h e   t h i r d   g r o u p   h a v i n g  



a  t h i r d   s p a c i n g .   The  t h r e e   s p a c i n g s   c o u l d   be  s e l e c t e d   t o  

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

t o   p r o d u c e ,   f o r   e x a m p l e ,   C,  E,  and   G  n o t e s ,   r e s u l t i n g   i n   a  

C  m a j o r   c h o r d .  

The  r a d i a l   s p o i l e r s   a l s o   s t r e n g t h e n   t h e   r i n g   21  by  a c t -  

i n g   as   r i p   s t o p s   f o r   any   r i p  i n   t h e   t a n g e n t i a l   d i r e c t i o n   a n d  

w i t h i n   t h e   r a d i a l   e x t e n t   of   t h e   s p o i l e r s .   The  r a d i a l   s p o i l e r s  

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

end   o f  a   f l i g h t ,   a s  F r i s b e e s   a r e   w o n t   to   d o .  

F i g s .   9 - 1 1   show  d i s c s   21  w i t h   s n a p   a t t a c t m e n t s .   I n  

F i g .   9  an  e x t e r n a l   s n a p - o n   c o v e r   36  f i t s   o v e r   t h e   d o w n - t u r n e d  

r i m   of   t h e   r i n g   21  t o   p r o t e c t   i t   and   t o   add  w e i g h t   a t   t h e  

p e r i p h e r y   of   t h e   d i s c .   The  c o v e r   36  a l s o   c h a n g e s   t h e   c u r v a t u r e  

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

c r o s s   s e c t i o n   of   t h e   r i n g   21  may  be  f o r m e d   w i t h   a  f l a t t e r   a i r  

f o i l   so  t h a t  t h e   s n a p - o n   c o v e r   p r o v i d e s   o n l y   an  o r d i n a r y   a m o u n t  

of   c u r v a t u r e .   In   a d d i t i o n ,   t h e   c o v e r   36  m a y  b e   of   u n i f o r m   t h i c k -  

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

F i g .   10  a l s o   s h o w s   a  s n a p - o n   e x t e r n a l   r i n g   37  t h a t   i s  

g e n e r a l l y   h o l l o w   and   c o n t a i n s   one  or   more   l i g h t - e m i t t i n g   d i o d e s  

38  and   a  p r i n t e d   c i r c u i t   39  to   c o n t r o l   t he   l i g h t   of   t h e   L . E . D . ' s  

to   p r o d u c e   an  i n t e r e s t i n g  s t r o b o s c o p i c   e f f e c t   a t   n i g h t .   E x c e p t  

f o r   t h e   e l e c t r i c a l   c o m p o n e n t s ,   t h e   r i n g   37  i s   h o l l o w ,   w h i c h   p r o -  

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

i t   f a l l s   i n t o   w a t e r .  

F i g .   1 1  s h o w s   a  d i s c   w i t h   two  s n a p - i n   r i n g s   41  and   42  f o r  



e x t r a   w e i g h t .   The  r i n g s   may  be  g r a d e d   i n   some  s p e c i f i c  

r a t i o ,   s u c h   as  10  g ram  i n t e r v a l s .   F o r   e x a m p l e ,   t h e   r i n g  
41  may  be  r e p r e s e n t a t i v e   o f   10  g r a m ,   20  g r a m ,   and   30  g r a m  

w e i g h t s .   The  r i n g   42  i s   a d d i t i o n a l l y   w e i g h t e d   by  a  l o o p  

o f   s t e e l   43  t h a t   i s   . 2 5 "   w i d e   and   . 0 1 0 "   to   . 0 2 0 "   t h i c k .  

In   f a c t   t h e   r i n g   21  may  be  m o l d e d   o f   p o l y e t h y l e n e .   T h e  

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

w i t h   t h e   d o w n - t u r n e d   r i m   o f  t h e   r i n g   21 .   A l s o ,   t h e   i n n e r  

s u r f a c e s   o f   t h e   r i n g   t o e s   i n   s l i g h t l y .   The  t o e   i n   a n g l e  

i s   known  as  t h e   A n g l e   o f   F r a n c i o n i .  

F i g .   12  s h o w s   a  r i n g   21  w i t h   a  s t e e l   b a n d   4 4  

m o l d e d   i n t o   i t   t o   add   w e i g h t .   The  t o t a l   w e i g h t   may  b e  

200  g r a m s .  
The  w e i g h t e d   r i n g s   21  i n   F i g s .   11  and   12  a r e   l e s s  

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

I f   d e f o r m e d   i n   any   d i r e c t i o n ,   t h e y   s p r i n g   b a c k   i m m e d i a t e l y  

i n t o   t h e i r   p r o p e r   s h a p e .   T h i s   m i n i m i z e s   w o b b l i n g   d u r i n g  

f l i g h t .  

F i g .   12  a l s o   i l l u s t r a t e s   an  a r r a n g e m e n t   f o r  

p r i n t i n g   i n f o r m a t i o n   p h o t o g r a p h i c a l l y   on  t h e   web  22.   T h e  

web  may  be  p h o t o s e n s i t i z e d   M y l a r   c o a t e d   on  b o t h   s u r f a c e s  

w i t h   s h e e t s   o f   o p a q u e   p a p e r   46  and   47  a t t a c h e d   b y  

p r e s s u r e - s e n s i t i v e   a d h e s i v e   t o   t h e   M y l a r .   The  t o p   p a p e r  
46  l a y e r   i s   p e e l e d   o f f   to   a l l o w   t h e   p h o t o - s e n s i t i z e d  

M y l a r   to   be  e x p o s e d   to   t h e   d e s i r e d   i m a g e ,   and   t h e n   t h e  

l a t e n t   i m a g e   i s   d e v e l o p e d .   The  b o t t o m   p a p e r   47  i s  

p r e f e r a b l y   r e m o v e d   b e f o r e  t h e   l a t e n t   i m a g e   i n   t h e   M y l a r  

i s   d e v e l o p e d .  

F i g .   13  i l l u s t r a t e s   s t i l l   a n o t h e r   way  to   a t t a c h  

t h e   web  22  to   t h e   r i n g   21 .   An  a n n u l a r   r i n g   48  o f   p a p e r  
i s   c o a t e d   t o p   and   b o t t o m   w i t h   p r e s s u r e - s e n s i t i v e   c e m e n t .  

I t   i s   t h e n   p l a c e d   on  t h e   r i n g   21  t o   be  a f f i x e d   to   t h e   t o p  

s u r f a c e   o f   t h e   r i n g   4 8 .  

F i g .   14  i s   an  e n l a r g e d   v i e w   o f   j u s t   t h e   i n n e r m o s t  

p a r t   o f   t h e   o u t e r   r i n g   21  s i m i l a r   to   t h a t   i n   F i g .   1,  f o r  



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

a t t a c h e d .   The  web ,   i n d i c a t e d   by  r e f e r e n c e   n u m e r a l   4 9 ,  

i n c l u d e s   a  c e n t r a l   d i s c   51  o f   a r t w o r k ,   s u c h   as  a  p h o t o -  

g r a p h ,   p r i n t   d r a w i n g ,   p a i n t i n g ,   e t c .   on  any   s u i t a b l e  

m a t e r i a l ,   s u c h   as  a  p l a s t i c   p h o t o g r a p h i c   f i l m   b a s e   o r  

e v e n   p a p e r .   The  c e n t r a l   d i s c   51  i s   e n t i r e l y   e n c l o s e d  

by  two  l a m i n a t e d   d i s c s   52  and   53  o f   s o m e w h a t   l a r g e r  

d i a m e t e r   t h a n   t h e   d i s c   51 .   The  l a m i n a t e d   d i s c   52  i s   a  

s h e e t   o f   e x t r u d e d   p o l y e s t e r   and   p o l y e t h y l e n e .   The  l a y e r  

54  o f   p o l y e s t e r   i s   on  t h e   o u t s i d e   and   i s   a p p r o x i m a t e l y  

. 0 0 5 "   t h i c k ,   w h i l e   t h e   l a y e r   56  o f   p o l y e t h y l e n e   i s  

a p p r o x i m a t e l y   . 0 0 2 "   t h i c k   and   i s   on  t h e   i n s i d e   i n   c o n t a c t  

w i t h   t h e   d i s c   51 .   The  o t h e r   e x t r u d e d   d i s c   53  h a s  

c o r r e s p o n d i n g   l a y e r s   o f   . 0 0 5 "   t h i c k   p o l y e s t e r   57  and   . 0 0 2 "  

t h i c k   p o l y e t h y l e n e   58 ,   and   an  a n n u l a r   b a n d   o f   t h e   e d g e s  

o f   t h e   p o l y e t h y l e n e   l a y e r s   5 6  a n d   58  a r e   s e a l e d   t o g e t h e r  

t o   e n c a s e   t h e   d i s c   51  s n u g l y .  

The  a n n u l a r   p e r i p h e r a l   r e g i o n   o f   t h e   p o l y e s t e r  

l a y e r   54  i s   s e a l e d   a d h e s i v e l y   t o   t h e   i n n e r   a n n u l a r  

p e r i m e t e r   o f   t h e   u p p e r   s u r f a c e   o f   t h e   r i n g   21  by  c o a t i n g  

w i t h   n e o p r e n e   p l u s   1,  1,  1 - t r i c h l o r o e t h a n e   t h e   s u r f a c e s  

t o   be  j o i n e d .   The  p r o c e d u r e   h a s   b e e n   d e s c r i b e d   p r e v i o u s l y  

and   n e e d   n o t   be  r e p e a t e d .   F i g .   14  a l s o   s h o w s   two  m e m b e r s  

59  and   61  t o   a p p l y   p r e s s u r e   t o   j o i n   t h e   d i s c   49  t o   t h e  

r i n g   21 .   The  m e m b e r   59  i s   a  d i s c   o f   s t e e l   o r   o t h e r  

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

a n d   h a s   an  u p - t u r n e d   r i m   62  w i t h   a  f r u s t o - c o n i c a l   u p p e r  

s u r f a c e   63  h a v i n g   an  i n c l u d e d   a n g l e  o (   o f   b e t w e e n   150°   a n d  

1 8 0 ° .   The  o u t e r   p e r i p h e r a l   r e g i o n   o f   t h e   l a y e r   54  and   t h e  

i n n e r   p e r i p h e r a l   r e g i o n   o f   t h e   r i n g   21  a r e   p r e s s e d   t o g e t h e r  

by  t h e   m e m b e r s   59  and   61 .   The  f r u s t o - c o n i c a l   s h a p e   o f   t h e  

s u r f a c e   63  h e l p s   t o   s t r e t c h   t h e   d i s c  4 9   t a u t   so  t h a t   i t  

w i l l   r e m a i n   t h a t   way  a f t e r   t h e   p r e s s u r e   i s   r e m o v e d .  

W h i l e   t h i s   i n v e n t i o n   h a s   b e e n   d e s c r i b e d   i n   t e r m s  

o f   s p e c i f i c   e m b o d i m e n t s ,   t h o s e   s k i l l e d   i n   t h e   a r t   w i l l   b e  

a w a r e   o f   f u r t h e r   m o d i f i c a t i o n s   t h a t   c an   be  made  w i t h i n   t h e  

t r u e   s c o p e   o f   t h e   i n v e n t i o n .  



1.  A  d i s c   c o m p r i s i n g :  

an  a n n u l a r   m e m b e r   d e f i n i n g   an  o p e n   i n n e r   a r e a   c o m p r i -  

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

a  t h i n   s h e e t   h a v i n g   an  o u t e r   p e r i m e t e r   a f f i x e d   t o  

s a i d   a n n u l a r   m e m b e r   to   c o v e r   s a i d   o p e n   i n n e r   a r e a .  

2.  The  d i s c   in   c l a i m   1  c o m p r i s i n g   m e a n s   to   h o l d   s a i d  

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

3.  The  d i s c   in   c l a i m   2  in   w h i c h   s a i d   s h e e t   i s   f l e x i b l e  

p l a s t i c   m a t e r i a l .  

4.  The  d i s c   i n   c l a i m   3  i n   w h i c h   s a i d  s h e e t   i s   m y l a r  

h a v i n g   a  t h i c k n e s s   b e t w e e n   a p p r o x i m a t e l y   . 0 0 7 5 "   and   a p p r o x i -  

m a t e l y   . 0 1 1 "   t h i c k .  

5.  The  d i s c   i n  c l a i m   2  in   w h i c h  s a i d   s h e e t   i s   L e x a n  

h a v i n g   a  t h i c k n e s s   b e t w e e n   a p p r o x i m a t e l y   . 0 0 7 5 "   and   a p p r o x i -  

m a t e l y   . 0 1 1 " .  

6:  The  d i s c   i n   c l a i m   3  in   w h i c h   s a i d   s h e e t   h a s   a  p l u r a l -  

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

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

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

p l a c e   on  s a i d   a n n u l a r   m e m b e r .  

7.  The  d i s c   i n   c l a i m   3  i n   w h i c h   t h e   p e r i p h e r a l   r e g i o n   o f  

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

8.  A  d i s c   c o m p r i s i n g :  

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

one  p l a n e ;  



a n   a n n u l a r   s e c t i o n   e x t e n d i n g   o u t w a r d l y   beyond  said  p e r i m e t e r  

and  curved  in  one  d i r e c t i o n   from  said  p l a n e ,   whereby  sa id   shee t   and  and  

said  a n n u l a r   s e c t i o n   combine  to  de f i ne   a  d i s h - s h a p e d   s t r u c t u r e   hav ing   a  

concave  side  and  a  convex  s i de ,   said  a n n u l a r   s e c t i o n   c o m p r i s i n g   a  r o u n d e d  

c r o s s - s e c t i o n   t ha t   is  t h i c k e s t   at  an  annu l a r   p o s i t i o n   between  the  edge  o f  

said  annu l a r   s e c t i o n  a n d   sa id   p e r i m e t e r   of  sa id   s h e e t ;  a n d  

a  p l u r a l i t y   of  r a i s e d   s p o i l e r s   on  said  convex  s i d e ,   each  o f  

s a i d  s p o i l e r   s e c t i o n s   e x t e n d i n g   i n  a   d i r e c t i o n   c o m p r i s i n g  a   r a d i a l   c o m p o n e n t .  

9.  The  d i s c   of  c la im  8  in  which  sa id   s p o i l e r s   extend  r a d i a l l y   w i t h  

r e s p e c t   to  the  axis   of  sa id   d i s c .  

10.  The  d i sc   of  c la im  8  in  which  sa id   s p o i l e r s   have  a  g e n e r a l l y  

r e c t a n g u l a r   c r o s s - s e c t i o n .  

11.  The  d i sc   of  c la im  8  in  which  said  s p o i l e r s   have  an  u n d u l a t i n g  

exposed  s u r f a c e .  

12.  The  d i sc   of  c la im  8  in  which  said  s p o i l e r s   have  a  s e r r a t e   c r o s s -  

s e c t i o n .  

13.  The  d i sc   of  c la im  8 ' i n   which  sa id   s p o i l e r s   extend  o v e r  t h e   p e r i m e  

ter   of  sa id   c e n t r a l   s h e e t .  

14.  The  d i sc   of  c la im  8  in  which  said  c e n t r a l   shee t   is  a  web  of  t h i n  

m a t e r i a l   having  g r e a t e r   p u n c t u r e   r e s i s t a n c e   f o r  a   given  t h i c k n e s s   than  t h e  

m a t e r i a l   of  said  a n n u l a r   s e c t i o n .  

15.  The  d i sc   of  c la im  14  in  which  said  web  is  a  l a m i n a t e d   d i sc   com- 

p r i s i n g   a  l a y e r   of  p o l y e s t e r   anda  l a y e r   of  p o l y e t h y l e n e ,   sa id   a n n u l a r   s e c t i o n  

is  an  a n n u l a r   r i n g   of  molded  p o l y e t h y l e n e ,   and  the  p e r i p h e r a l   r e g i o n   o f  

said  p o l y e s t e r   l a y e r   is  a d h e s i v e l y   a t t a c h e d   to  an  i n n e r   a n n u l a r   s u r f a c e  

p o r t i o n   of  said  a n n u l a r   r i n g . '  

16.  The  method  of  a t t a c h i n g   a  p e r i p h e r a l   r e g i o n   of  a  p o l y e s t e r   d i s c  

to  an  i nne r   p e r i p h e r a l   r e g i o n   of  a  p o l y e h t y l e n e   r i n g   c o m p r i s i n g   the  s t eps   o f :  

c o a t i n g   sa id   p e r i p h e r a l   r e g i o n   of  sa id   d i sc   with  an  adhes ive   i n  

l i q u i d   form  c o m p r i s i n g   neoprene   and  1,  1,  1 - t r i c h l o r o e t h a n e   s o l v e n t ;  



o x i d i z i n g   said  inner   p e r i p h e r a l   r e g i o n   of  sa id   r i n g ;  

c o a t i n g   the  r e s u l t a n t   o x i d i z e d   r e g i o n   with  sa id   a d h e s i v e ;  

a l l o w i n g   sa id   adhes ive   on  sa id   d i sc   and  sa id   r i n g  t o   dry  f r o m  

a p p r o x i m a t e l y   f i f t e e n   minutes   to  t h r ee   hou r s ;   and  

p r e s s i n g   the  a d h e s i v e - c o a t e d   r e g i o n   of  sa id   d i sc   a g a i n s t   t h e  

a d h e s i v e - c o a t e d   r e g i o n   of  sa id   r i ng   with  a  p r e s s u r e   of  between  
a p p r o x i m a t e l y  

250  and  1000  pounds  per  square   i n c h .  

17.  The  method  of  c la im  16  c o m p r i s i n g   s t r e t c h i n g   sa id   i nne r   p e r i p h e r a l  

r e g i o n   of  sa id   r i n g   and  the  j u x t a p o s e d   a n n u l a r   p o r t i o n   of  sa id   d i sc   over  a  

f r u s t o - c o n i c a l   s u r f a c e   having  an  i n c l u d e d   angle  of  between  a p p r o x i m a t e l y   150°  

and  180°  with  sa id   r i n g   between  sa id   f r u s t o - c o n i c a l   s u r f a c e   and  sa id   d i s c  

while  a p p l y i n g   sa id   p r e s s u r e .  
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