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@  Short  distance  golf  ball. 

  A  one-piece  short  distance  golf  ball  which  is  a  moulded 
mixture  of  a  foamed  thermoplastic  polymer  and  a  filler  ma- 
terial,  the  ball  having  an  increasing  density  gradient  from 
the  centre  to  the  surface  and  the  surface  having  a  bramble 
configuration. 



T h i s   i n v e n t i o n   is   c o n c e r n e d   w i t h   a  s h o r t  

d i s t a n c e   g o l f   b a l l ,   t h a t   i s   a  g o l f   b a l l   w h i c h   h a s  

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

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

30%-70%  s h o r t e r   i n   d i s t a n c e   t h a n   a  c o n v e n t i o n a l   g o l f  

b a l l .  

I n   our   E u r o p e a n   A p p l i c a t i o n   8 4 3 0 3 5 1 4 . 8   we 

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

i s   a  m o u l d e d   m i x t u r e   of  a  f o a m e d   t h e r m o p l a s t i c   p o l y m e r  
and  a  f i l l e r   m a t e r i a l ,   t he   b a l l   h a v i n g   an  i n c r e a s i n g  

d e n s i t y   g r a d i e n t   f r o m   t h e   c e n t r e   to  t h e   s u r f a c e .   T h e  

b a l l   p r e f e r a b l y   has   a  c e l l u l a r   c o r e   s t r u c t u r e   and  a  

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

f r o m   3 . 1 7 5   mm  to  1 5 . 8 8   mm.  The  f i l l e r   m a t e r i a l   i s  

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

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

In   a  p r e f e r r e d   e m b o d i m e n t   of  t h e   g o l f   b a l l  

d e s c r i b e d   in   our   s a i d   a p p l i c a t i o n ,   i t   c o m p r i s e s   f r o m  

0 . 5   to   155l  of  f i l l e r   m a t e r i a l ,   b a s e d   on  t h e   w e i g h t   of   t h e  

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

a p p r o x i m a t e l y   1 . 6 8   i n c h   ( 4 2 . 6 7   mm)  and  w e i g h s   f r o m   15  t o  

30  g r a m s .   The  s u r f a c e   of  t h e   g o l f   b a l l   i s   p r e f e r a b l y  

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

s u c h   as  i s   c o n v e n t i o n a l l y   u s e d   on  s t a n d a r d   g o l f   b a l l s .  

In   c o n v e n t i o n a l ,   f u l l   w e i g h t ,   g o l f  b a l l s ,   t h e  



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

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

in   p a r t i c u l a r ,   t h e   r e s i s t a n c e   of  t h e   b a l l   to   t h e   e f f e c t s  

of  w i n d ,   p a r t i c u l a r l y   s i d e   w i n d ,   w h i l e   in   f l i g h t .   We 

h a v e   now  u n e x p e c t e d l y   f o u n d   t h a t   in   t h e   c a s e   of  a  s h o r t  

d i s t a n c e   g o l f   b a l l   as  d e s c r i b e d   in   our   s a i d   a p p l i c a t i o n ,  

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

r o u n d e d   b u m p s ,   p r o v i d e s   much  b e t t e r   r e s i s t a n c e   to  t h e  

e f f e c t s   of  w i n d   w h i l e   in   f l i g h t .  

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 ,   t h e r e f o r e ,  

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

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

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

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

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

The  g o l f   b a l l   p r e f e r a b l y   has   a  c e l l u l a r   c o r e  

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

h a v i n g   a  t h i c k n e s s   of  f r o m   0 . 1 2 5   i n c h   ( 3 . 1 7 5   mm)  t o  

0 . 6 2 5   i n c h   ( 1 5 . 8 8   mm).  The  t h i c k n e s s   of  t h e   d e n s e   o u t e r  

s k i n   d e t e r m i n e s   t h e   moment  of  i n e r t i a   of  t h e   b a l l   w h i c h ,  

in   t u r n ,   d e t e r m i n e s   how  much  s p i n   can   be  i m p a r t e d   to  t h e  

b a l l   when  s t r u c k   by  a  g o l f   c l u b .   The  r a n g e   of  t h i c k -  

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

m o m e n t s   of  i n e r t i a   f o r   t h e   b a l l   to  h a v e   d e s i r a b l e  

p l a y i n g   c h a r a c t e r i s t i c s .  

The  p r e f e r r e d   f i l l e r   m a t e r i a l   i s   m i c r o s c o p i c  

g l a s s   b u b b l e s   and  i t   i s   p r e f e r r e d   to  u s e   f r o m   0 .5   t o  

15%  of  f i l l e r   m a t e r i a l ,   b a s e d   on  t h e   w e i g h t   of  t h e   t h e r m o -  

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

The  g o l f   b a l l   i s   p r e f e r a b l y   a p p r o x i m a t e l y  
1 .68   i n c h   ( 4 2 . 6 7   mm)  in   d i a m e t e r ,   t h e   same  s i z e   as  a  

c o n v e n t i o n a l   g o l f   b a l l ,   and  w e i g h s   f rom  17  to  35  g r a m s  

as  c o m p a r e d   to   a p p r o x i m a t e l y   45  g rams   f o r   a  c o n v e n t i o n a l  

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

p r e f e r a b l y   a b o u t   159o  h e a v i e r   a t   17  to  35  g r ams   t h a n   t h a t  



d e s c r i b e d   in   our   s a i d   E u r o p e a n   a p p l i c a t i o n   w h i c h  

p r e f e r a b l y   w e i g h s   15  to  30  g r a m s ) .   I t   i s   made  b y  

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

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

a g e n t ,   as  d e s c r i b e d   in   g r e a t e r   d e t a i l   b e l o w .   A  c r o s s  

s e c t i o n   of  t h e   g o l f   b a l l   shows  t h a t   t h e   d e n s i t y   of  t h e  

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

f r o m   t h e   c e n t r e   to  t h e   s u r f a c e .   The  b a l l   has   an  o u t e r  

d e n s e   s k i n   w h i c h   i s   p r e f e r a b l y   f rom  0 . 1 2 5   i n c h   t o  

0 . 6 2 5   i n c h   ( 3 . 1 7 5   to  1 5 . 8 8   mm)  t h i c k n e s s .   The  s k i n  

t h i c k n e s s ,   w h i c h   i s   i n v e r s e l y   r e l a t e d   to  t h e   a m o u n t   o f  

b l o w i n g   a g e n t   u s e d   in   m a k i n g   t h e   g o l f   b a l l ,   i s   m o s t  

p r e f e r a b l y   a p p r o x i m a t e l y   0 . 2 5 0   i n c h   ( 6 . 3 5   mm).  The  c o r e  

of  t h e   b a l l   has   a  b l o w n   c e l l u l a r   s t r u c t u r e .   The  b o u n d a r y  

b e t w e e n   t h e   c e l l u l a r   c o r e   and  t h e   s k i n ,   w h i l e   n o t  

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

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

w i t h   t h e   p r e s e n t   i n v e n t i o n .  

The  w e i g h t   and  d e n s i t y   d i s t r i b u t i o n   of  t h e  

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

p e r f o r m   in   mos t   r e s p e c t s   in   t h e   same  way  as  a  c o n v e n t i o n a l  

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

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

i n v e n t i o n   has   a  r e b o u n d   of  f rom  50%  to  80%,  a n d  

p r e f e r a b l y   67%,  and  i t   has   a  c o m p r e s s i o n   of  f rom  0  t o  

100,   p r e f e r a b l y   10,  as  m e a s u r e d   on  t h e   A t t i   c o m p r e s s i o n  

t e s t e r .  

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

made  c o m p r i s e s   a  t h e r m o p l a s t i c   p o l y m e r   and  m i c r o s c o p i c  

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

p o l y m e r .   The  t h e r m o p l a s t i c   p o l y m e r   i s   p r e f e r a b l y   t h e  

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

of  an  u n s a t u r a t e d   m o n o c a r b o x y l i c   a c i d .   S u i t a b l e   i o n o m e r  

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

by  t h e   D u p o n t   C o m p a n y ,   P o l y m e r   P r o d u c t s   D e p a r t m e n t ,  



E t h y l e n e   P o l y m e r s   D i v i s i o n ,   W i l m i n g t o n ,   D e l a w a r e   1 9 8 9 8 ,  

u n d e r   t he   t r a d e m a r k   SURLYN.  The  S u r l y n   r e s i n   i s  

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

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

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

m i x t u r e s   of  t h e   two  c o p o l y m e r s   a r e   a l s o   u s e f u l   i n  

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

The  t h e r m o p l a s t i c   m a t e r i a l ,   as  p r e v i o u s l y  

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

as  f i l l e r   or  e x t e n d e r .   In  t h e   f i n i s h e d   p r o d u c t   t h e   g l a s s  

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

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

ou t   t h e   p r e s e n t   i n v e n t i o n   a r e   m a n u f a c t u r e d   by  t h e   3M 

C o m p a n y ,   S t .   P a u l ,   M i n n e s o t a   55101   and  r a n g e   in   d e n s i t y  

f r o m   0 . 1 2   to  0.1.8  g / c c .   O t h e r   i n o r g a n i c   f i l l e r s ,   s u c h  

as  t i t a n i u m   d i o x i d e   or  c a l c i u m   c a r b o n a t e ,   can   a l s o   b e  

u s e d .   G l a s s   b u b b l e s   a r e ,   h o w e v e r ,   p r e f e r r e d   b e c a u s e   t h e y  

i m p r o v e   i m p a c t   r e s i s t a n c e   by  f u n c t i o n i n g   as  m i c r o -  

s c o p i c   s h o c k   a b s o r b e r s   to  d i s s i p a t e   e n e r g y   and  t h u s   h e l p  

to  r e d u c e   t h e   d i s t a n c e   t h e   b a l l   t r a v e l s   when  s t r u c k .  

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

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

g a s e s ,   such   as  F r e o n ,   n i t r o g e n   g a s ,   and  c a r b o n   d i o x i d e s ,  

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

to  r e l e a s e   a  g a s ;   t h e s e   may,  in   p a r t i c u l a r ,   be  u s e d   w i t h  

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

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

230°   to   435°F   ( 1 1 0 °   to   2 2 4 ° C ) .   Two  p r e f e r r e d   c h e m i c a l  

b l o w i n g   a g e n t s   a r e   s o l d   u n d e r   t h e   t r a d e   d e s i g n a t i o n  

C e l o g e n   TSH  and  C e l o g e n   RA  by  U n i r o y a l   C h e m i c a l ,  

N a u g a t u c k ,   C o n n e c t i c u t   0 6 7 7 0 .   N o r t e c k   b r a n d   foam  c o n -  

c e n t r a t e   s o l d   by  N o r t h e r n   P e t r o   C h e m i c a l   C o m p a n y ,  

C l i n t o n ,   M a s s a c h u s e t t s   01510   a l s o   w o r k s   w e l l .  

W h i l e   t h e   p r o c e s s   can   be  o p e r a t e d   o v e r   a  w i d e  

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



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

r i s k   of  p r e m a t u r e   e x p a n s i o n   c an   be  m i n i m i z e d .   T h u s  

d e c o m p o s i t i o n   t e m p e r a t u r e s   of  f r o m   350°  to   4 5 0 ° F  

( 1 7 7 °   to  2320C)   a r e   p r e f e r r e d .  

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

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

0 . 2 5 0   i n c h   ( 6 . 3 5   mm)  t h i c k   s k i n   and  w h i c h   h a v e   t h e  

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

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

E x a m p l e   1 

E x a m p l e   2 

E x a m p l e   3 

E x a m p l e   4 



E x a m p l e   5 

E x a m p l e   6 

E x a m p l e   7 

The  t h i c k n e s s   of  t h e   s k i n   of  t h e   f i n i s h e d   g o l f   b a l l   i s  

i n v e r s e l y   p r o p o r t i o n a l   to  t h e   amoun t   of  b l o w i n g   a g e n t .  

For   e x a m p l e ,   r e d u c i n g   t h e   a m o u n t   of  C e l o g e n   TSH  t o  

0 . 5 0   p a r t s   w i l l   p r o d u c e   a  s k i n   t h i c k n e s s   of  a p p r o x i m a t e l y  

0 .5   i n c h   ( 1 2 . 7   mm)  in   t h e   f i n i s h e d   g o l f   b a l l .   T h e r e f o r e  

a  r a n g e   of  0 . 5 0   to  2 . 0 0   p a r t s   of  b l o w i n g   a g e n t s   s h o u l d  

p r o d u c e   s k i n   t h i c k n e s s   of  f r o m   0 .5   to  0 . 1 2 5   i n c h  

( 1 2 . 7   to  3 . 8 8   mm)  r e s p e c t i v e l y .  

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

of  t h e   p r e s e n t   i n v e n t i o n ,   t h e   i n g r e d i e n t s   s p e c i f i e d   a r e  

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

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

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

i s   s u i t a b l y   m o d i f i e d   f o r   foam  m o u l d i n g   as  f o l l o w s .   T h e  

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



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

i s   i n j e c t e d   i n t o   each   mou ld   c a v i t y .   In  p a r t i c u l a r ,   i t  

i s   p r e f e r r e d   t h a t   o n l y   a b o u t   17  to  35  g rams   of  t h e  

m i x t u r e   per   g o l f   b a l l   be  i n j e c t e d .   The  i n j e c t i o n  

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

be  a b l e   to  i n j e c t   t h e   m a t e r i a l   i n t o   t h e   mou ld   c a v i t y   i n  

one  s e c o n d   or  l e s s   to  m i n i m i z e   p r e m a t u r e   gas   e x p a n s i o n .  

A l s o   f l o w   c h a n n e l s   mus t   be  k e p t   s h o r t   and  p r o v i d e   e q u i -  

d i s t a n c e   f l o w   to  t h e   e x t r e m i t i e s   of  t h e   c a v i t y   t o  

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

In  o r d e r   to   e n s u r e   t h a t   t h e   r e s u l t i n g   s h o r t  

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

i m p o r t a n t   t h a t   t h e   p r o c e s s   p a r a m e t e r s   be  c o n t r o l l e d .   T h e  

i n i t i a l   t e m p e r a t u r e   of  t h e   m i x t u r e   i s   room  t e m p e r a t u r e .  

The  m o u l d   c a v i t y   i s   c h i l l e d   by  40°F  ( 4 . 4 ° C )   w a t e r   t o  

a p p r o x i m a t e l y   40°  to  70°F  ( 4 . 4   to  2 1 . 1 ° C ) .   T h e  

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

g r a d i e n t   a l o n g   i t s   l e n g t h   to  t h e   n o z z l e .   The  r e a r   p a r t  

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

a b o u t   3 2 5 ° F ;   163°C)   to  r e d u c e   p r e m a t u r e   gas  e x p a n s i o n ,  

and  t h e   n o z z l e   i s   m a i n t a i n e d   a t   a  h i g h e r   t e m p e r a t u r e  

( p r e f e r a b l y   a b o u t   4 0 0  F ;   204°C)   to  make  r a p i d   i n j e c t i o n  

e a s i e r   by  r e d u c i n g   v i s c o s i t y   of  t h e   m i x t u r e .   The  m o u l d  

i s   t h e n   h e l d   c l o s e d   ( e l a p s e d   t i m e )   f o r   f r o m   60  to  2 4 0  

s e c o n d s   ( d e p e n d i n g   on  t h e   s k i n   t h i c k n e s s )   w h i l e   m a i n -  

t a i n i n g   t he   m o u l d   t e m p e r a t u r e   a t   a p p r o x i m a t e l y   40°  t o  

70°F   ( 4 . 4   to  2 1 . 1 ° C ) .   The  p r o c e s s   r e q u i r e s   a b o u t   6 0  

s e c o n d s   pe r   0 . 1 2 5   i n c h   ( 3 . 1 8   mm)  of  s k i n   t h i c k n e s s   t o  

e n s u r e   t h a t   t h e   s k i n   i s   f u l l y   m o u l d e d   b e f o r e   t he   m o u l d  

i s   o p e n e d .   A f t e r   t h e   s p e c i f i e d   t i m e   has   e l a p s e d ,   t h e  

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

q u e n c h e d   in   c o l d   w a t e r   to   c u r t a i n   any  f u r t h e r   b l o w i n g .  

By  m i x i n g   t h e   r e q u i s i t e   a m o u n t   of  b l o w i n g  

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

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



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

h a v e   t h e   d e s i r e d   s k i n   t h i c k n e s s   to  p r o v i d e   t h e  

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

We  h a v e   a c h i e v e d   b e s t   r e s u l t s   w i t h   t h e  

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

s k i n   t h i c k n e s s   of  a p p r o x i m a t e l y   0 . 2 5 0   i n c h   ( 6 . 3 5   mm)  a n d  

m a n u f a c t u r e d   f r o m   t h e   m i x t u r e s   s p e c i f i e d   in   E x a m p l e s   1 

to  7 :  

A  p r e f e r r e d   e m b o d i m e n t   of  g o l f   b a l l   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   i s   s h o w n ,   by  way  of  e x a m p l e ,   i n  

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

i s   a  p l a n   v i e w   of  t h e   g o l f   b a l l   ( w i t h   o n l y   p a r t   of   t h e  

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

R e f e r r i n g   to   t h e   F i g u r e ,   t h e   s u r f a c e   of  t h e  

g o l f   b a l l   110  i s   p r o v i d e d   w i t h   a  p l u r a l i t y   of  r o u n d e d  

bumps  128;  t h e r e   a r e   in   a l l   398  bumps  128  c o n s t i t u t i n g  

t h e   " b r a m b l e "   ( b l a c k b e r r y )   p a t t e r n .   The  g o l f   b a l l   a l s o  

c o m p r i s e s   a  r a i s e d   band   130  r o u n d   t h e   " s e a m "   of  t h e  

b a l l .  

The  398  bumps  of  t h e   b r a m b l e   p a t t e r n   a r e  

a p p r o x i m a t e l y   0 . 0 1 0   i n c h   ( 0 . 2 5 4   mm)  h i g h   in   t h e   f i r s t   r o w  

a d j a c e n t   t h e   r a i s e d   b a n d ,   0 . 0 1 8   i n c h   ( 0 . 4 5 7   mm)  h i g h   i n  

t h e   s e c o n d   row  a d j a c e n t   t h e   r a i s e d   b a n d ,   and  0 . 0 3 0   i n c h  

( 0 . 7 6 2   mm)  o v e r   t h e   r e s t   of  t h e   b a l l .   The  bumps  a r e  

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



w i t h   24  s i d e s )   w h i c h   g e o m e t r i c   p a t t e r n   i s   t h e   s a m e  

g e o m e t r i c   p a t t e r n   u s e d   f o r   d i m p l e s   on  some  c o n v e n t i o n a l  

g o l f   b a l l s ,   f o r   e x a m p l e ,   t h e   M u i r f i e l d   b r a n d   g o l f   b a l l  

m a n u f a c t u r e d   by  M a c G r e g o r   G o l f   C o m p a n y .   The  r a i s e d  

b a n d   130  i s   n o t   c r u c i a l   to   t h e   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   of  t h e   b r a m b l e d   b a l l   b u t   i s   m e r e l y  

p r o v i d e d   so  t h a t   t h e   seam  l i n e   l e f t   by  t h e   m o u l d i n g  

p r o c e s s   can  be  b u f f e d   s m o o t h .  

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

in   t h e   g o l f   b a l l   110  l e a d s   to   t h e   l a t t e r   h a v i n g   a  

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

b a l l   as  d e s c r i b e d   in   our  s a i d   E u r o p e a n   a p p l i c a t i o n .  

As  a  r e s u l t ,   t h e   v e l o c i t y   of  t h e   b r a m b l e d   b a l l   110  i s  

r a p i d l y   r e d u c e d   a f t e r   i t   l e a v e s   t h e   c l u b   f a c e .  

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

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

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

b a l l   a b o u t   15%  o v e r   t h e   w e i g h t   of  a  c o r r e s p o n d i n g  

d i m p l e d   b a l l   10,  t h e   d i s t a n c e   f l o w n   by  t h e   b r a m b l e d  

b a l l   i s   a p p r o x i m a t e l y   t h e   same  as  t h a t   of  t h e   l i g h t e r ,  

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

w e i g h t   of  t h e   b r a m b l e d   b a l l   i s   p r e f e r a b l y   f rom  17  t o  

35  g r a m s .  
B e c a u s e   t h e   b r a m b l e d   b a l l   110  i s   a b o u t   1530 

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

t r a j e c t o r y   is   no t   a f f e c t e d   by  w i n d   as  much  as  t h e  

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

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

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

t h e   b a l l   even   a t   low  v e l o c i t i e s ,   i s   a f f e c t e d   in   f l i g h t  

even   l e s s   by  t h e   wind  t h a n   t h e   s m o o t h e r   d i m p l e d   b a l l .  

The  b r a m b l e   p a t t e r n   a l s o   a p p e a r s   to  e l i m i n a t e  

t h e   a b r u p t   t r a n s i t i o n   f rom  t u r b u l e n t   a i r   f l o w   at   h i g h  

v e l o c i t i e s   to   l a m i n a r   a i r   f l o w   a t   low  v e l o c i t i e s   a c r o s s  

t h e   b a l l   and  t h u s   makes   t he   b r a m b l e d   b a l l   more  s t a b l e  



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

t h e   b r a m b l e   b a l l   does   n o t   d a r t   or  f l u t t e r   l i k e   a  

d i m p l e d   b a l l .  

The  b r a m b l e   c o n f i g u r a t i o n   on  t h e   g o l f   b a l l  

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

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



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

i s   a  m o u l d e d   m i x t u r e   of  a  f o a m e d   t h e r m o p l a s t i c  

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

i n c r e a s i n g   d e n s i t y   g r a d i e n t   f rom  t h e   c e n t r e   to  t h e  

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

2.  A  g o l f   b a l l   a c c o r d i n g   to  c l a i m   1,  in   w h i c h  

t h e   b a l l   has   a  c e l l u l a r   c o r e   s t r u c t u r e   and  a  d e n s e  

o u t e r   s k i n .  

3.  A  g o l f   b a l l   a c c o r d i n g   to  c l a i m   2,  i n   w h i c h  

t h e   s k i n   has   a  t h i c k n e s s   of  f r o m   0 . 1 2 5   i n c h   ( 3 . 1 7 5   mm) 

to  0 . 6 2 5   i n c h   ( 1 5 . 8 8   m m ) .  

4.  A  g o l f   b a l l   a c c o r d i n g   to  any  of  c l a i m s   1  t o  

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

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

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

5.  A  g o l f   b a l l   a c c o r d i n g   to  any  of  c l a i m s   1  t o  

4,  w h i c h   c o m p r i s e s   f r o m   0 .5   to  15%  of  f i l l e r   m a t e r i a l ,  

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

t h e   b a l l   has   a  d i a m e t e r   of  a p p r o x i m a t e l y   1 .68   i n c h  

( 4 2 . 6 7   mm)  and  w e i g h s   f r o m   17  to   35  g r a m s .  

6.  A  g o l f   b a l l   a c c o r d i n g   to   any  of  c l a i m s   1  t o  

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

398  r o u n d e d   bumps  a r r a n g e d   in   a  t e t r a i c o s a h e d r o n  

p a t t e r n .  
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