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(gj)  Sports  racquet. 

@  A  racket  frame  of  sandwich  construction  which  com- 
prises  two  wooden  strips  (22)  provided  with  two  longitudi- 
;nally  extending  grooves  (23)  respectively  and  sandwiching 
an  interpositioned  composite  member  which  includes  a 
fiber  reinforces  plastic  shell  (25)  and  a  rigid  foam  core  (29). 



BACKGROUND  OF  THE  INVENTION 

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

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

u s i n g   w o o d .  

The  e a r l i e s t   t e n n i s   r a c k e t   we re   made  of  s o l i d   w o o d .  

T h e s e   f r a m e s   we re   h e a v y   and  had  u n s a t i s f a c t o r y   p l a y i n g  

c h a r a c t e r i s t i c s .   They  we re   s u p e r s e d e d   by  r a c k e t s   o f  

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

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

o f f e r s   i m p r o v e m e n t s   o v e r   s o l i d   wood,   i t   s u f f e r s  

d i s a d v a n t a g e s   s u c h   as  r e l a t i v e l y   low  t e n s i l e   a n d  

c o m p r e s s i v e   s t r e n g t h ,   p o o r   l i f e   and  l a c k   of  u n i f o r m i t y .  

In  a d d i t i o n ,   i t   i s   d i f f i c u l t   to   m a n u f a c t u r e   to   u n i f o r m  

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

T h e r e   i s   a l s o   a  s a n d w i c h   c o n s t r u c t i o n   made  by  a d h e r i n g  

g l a s s   f i b e r   l a y e r s   o v e r   b o t h  f a c e s   of  a  wooden   r a c k e t  

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

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

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

l i m i t e d .  

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

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

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

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

w e i g h t   t h e r e o f   i s   s t i l l   no t   s a t i s f a c t o r y .   In  t h e s e  



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

l o n g i t u d i n a l l y   e x t e n d i n g   c h a n n e l   of  t h e   wooden   m e m b e r .  

In  many  c a s e s ,   t h e   f o r m e d   p l a s t i c   and  t h e   wooden   m e m b e r  

can  no t   a c h i e v e   an  i n t i m a t e   bond  and  t h i s   r e s u l t s   i n  

d i f f i c u l t y   in  c o n t r o l l i n g   t h e   q u a l i t y   of  t h e   f r a m e   a n d  

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

An  o b j e c t   of  t h e   i n v e n t i o n   i s   to   p r o v i d e   a  r a c k e t  

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

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

s t r e n g t h s .  

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

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

can  be  i n t i m a t e l y   b o n d e d   to   t h e   w o o d .  

The  f o r e g o i n g   and  o t h e r   o b j e c t s   can  be  a c h i e v e d   i n  

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

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

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

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

one  s i d e s   t h e r e o f ;   an  i n t e r p o s i t i o n e d   c o m p o s i t e   m e m b e r  

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

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

and  a  p l a s t i c   foam  c o r e .  

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

in  i t s   c r o s s - s e c t i o n .   The  r a c k e t   f r a m e   may  f u r t h e r  

c o m p r i s e   two  s e c o n d   s t r i p   members   f o r   r e s p e c t i v e l y  

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

o p p o s i t e   to   s a i d   one  s i d e s .  



The  p r e s e n t l y   p r e f e r r e d   e x e m p l a r y   e m b o d i m e n t   w i l l   b e  

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

d r a w i n g s ,   w h e r e i n ;  

F i g .   1  shows  a  r a c k e t   f r a m e   of  a  p r e f e r r e d   e m b o d i m e n t  

of  t h e   i n v e n t i o n ;  

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

t h e   l i n e   A-A  of  F i g .   1;  a n d  

F i g s .   3a  to   3e  i l l u s t r a t e   t h e   p o s i t i o n i n g   f o r   a  

r a c k e t   f r a m e   w h i l e   c o n d u c t i n g   t e s t s   1  to   5 .  

R e f e r r i n g   to   t h e   d r a w i n g s ,   t h e r e   i s   shown  a  r a c k e t  

f r a m e   10  w h i c h   i n c l u d e s   a  l o o p e d   member   11,  a  s h a f t   1 2 ,  

and  a  h a n d l e   13.  A  t h r o a t   p i e c e   15  i s   p r o v i d e d   b e t w e e n  

t h e   l o o p e d   member   and  t h e   s h a f t   1 2 .  

The  r a c k e t   f r a m e   10  i s   made  of  a  s t r u c t u r a l   m e m b e r  

w h i c h   i n c l u d e s   two  e l o n g a t e   a sh   s t r i p s   m e m b e r s   22  

w h i c h   a r e   r e s p e c t i v e l y   p r o v i d e d   w i t h   g r o o v e s   23  a t   o n e  

s i d e s   t h e r e o f .   Each  a sh   s t r i p   22  i s   f u r t h e r   a d h e r e d   to   a  

p e a c h   s t r i p   21  to   fo rm  a  l a m i n a t i o n .   A  t h e r m o s e t t i n g  

r e s i n   i m p r e g n a t e d   f i b e r   i s   r o l l e d   to   fo rm  a  h o l l o w   m e m b e r  

25  and  i n s i d e   i t   i s   i n t r o d u c e d   a  s u i t a b l e   a m o u n t   o f  

f o a m a b l e   p o l y u r e t h a n e   c o m p o s i t i o n   29.  The  r e s u l t a n t  

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

23  of  one  a sh   s t r i p   22  and  t h e n   c o u p l e d   to   a n o t h e r   a s h  

s t r i p   22  in  s u c h   a  m a n n e r   t h a t   t h e   r e s i n   i m p r e g n a t e d  

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



ash   s t r i p s   22.  The  s a n d w i c h   s t r i p s   a r e   t h e n   pu t   i n t o   a  

mold  and  h e a t e d .   Upon  h e a t i n g ,   t h e   p o l y u r e t h a n e  

c o m p o s i t i o n   e x p a n d s   and  g e n e r a t e s   a  p r e s s u r e   t o  

c a u s e   t h e   f i b e r   r e i n f o r c e d   p l a s t i c   s h e l l   25  to   i n t i m a t e l y  

bond  to  t h e   i n n e r   s i d e   of  t h e   wood.   In  the   f i b e r  

r e i n f o r c e d   p l a s t i c   s h e l l   25  i s   f o r m e d   a  r i g i d  

p o l y u r e t h a n e   foam  c o r e   29.  The  p r e s e n c e   of  t h e   foam  c o r e  

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

s h o c k   a b s o r p t i o n   c h a r a c t e r i s t i c s   to   t h e   r a c k e t   f r a m e   1 0 .  

The  r a c k e t   f r a m e   10  c o n s t r u c t e d   a c c o r d i n g   to   t h e  

i n v e n t i o n   e x h i b i t s   i m p r o v e d   m e c h a n i c a l   p r o p e r t i e s   when  i t  

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

of  s a n d w i c h   c o n s t r u c t i o n   A  &  B  by  b e i n g   s u b j e c t e d   to   t h e  

f o l l o w i n g   t e s t s .  

TEST  1  (  see   F i g .   3A) 

The  r a c k e t   f r a m e   i s   c l a m p e d   f i r m l y   a t   i t s   h a n d l e   e n d  

H  and  a t   p o i n t   0  of  t h e   l o o p e d   h e a d .   A  l o a d   of  30  kg  i s  

a p p l i e d   to   t h e   f r a m e   a t   a  p o s i t i o n   3 4 . 2 5   cm  d i s t a n t   f r o m  

p o i n t   0.  The  d e f l e c t i o n   of  t h e   f r a m e   a t   t h e   l o a d   p o i n t  

i s   t h e n   m e a s u r e d .  

TEST  2  (  See  F i g .   3B) 

The  r a c k e t   f r a m e   i s   f i r m l y   c l a m p e d   a t   i t s   h a n d l e   e n d  

H  and  a  l o a d   of  6 .9   kg  i s   a p p l i e d   to   t h e   f r a m e   a t   p o i n t   P 

w h i c h   i s   5 2 . 1 0   cm  d i s t a n t   f rom  t h e   f i x e d   end  H.  T h e  

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

TEST  3  (  see   F i g .   3 C  )  

The  r a c k e t   f r a m e   i s   f i r m l y   c l a m p e d   a t   p o i n t s   Q  and  R 

of  t h e   l o o p e d   head   and  s u c c e s s i v e   i m p a c t   f o r c e s   a re   a p p l i e d  



to   t h e   p o i n t   b e t w e e n   P o i n t s   Q  and  R  by  means   of  a  h y d r a u l i c  

a p p a r a t u s   a t   a  r a t e   of  20  mm/  min .   The  maximum  i m p a c t  

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

t h e n   m e a s u r e d .  

TEST  4  ( s e e   F i g .   3D) 

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

b e i n g   u p w a r d   and  c l a m p e d .   A  b a l l   i s   s h o t   to   s t r i k e   t h e  

r a c k e t   f r a m e   w i t h   a  p r e s s u r e   of  2 0 0 0 - 3 0 0 0   cm  of  w a t e r   p e r  

s q . c m   f rom  an  a u t o m a t i c   b a l l   s h o o t i n g   m a c h i n e .   The  m a x i m u m  

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

of  f a i l u r e   i s   c o u n t e d .  

TEST  5  (  see   F i g .   3 E )  

The  r a c k e t   f r a m e   i s   c l a m p e d   f i r m l y   a t   i t s   h a n d l e   e n d  

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

3 .5   k g / s q . c m   i s   s u c c e s s i v e l y   a p p l i e d   to   t h e   f r a m e   and  t h e  

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

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

With   t h e   i n v e n t i o n   t h u s   e x p l a i n e d ,   i t   i s   a p p a r e n t  

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

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



t h e r e f o r e   i n t e n d e d   t h a t   t h e   i n v e n t i o n   be  l i m i t e d   o n l y   a s  

i n d i c a t e d   in  t h e   a p p e n d e d   c l a i m s .  



1.  A  r a c k e t   f r a m e   h a v i n g   a  l o o p e d   member ,   a  s h a f t ,   and  a 

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

two  e l o n g a t e   f i r s t   wooden   s t r i p   m e m b e r s   22  w h i c h   a r e  

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

g r o o v e s   23  on  one  s i d e s   t h e r e o f ;  

an  i n t e r p o s i t i o n e d   c o m p o s i t e   member  s a n d w i c h e d   b e t w e e n   s a i d  

one  s i d e s   and  f i l l i n g   s a i d   c h a n n e l ,   s a i d   member  i n c l u d i n g  

a  s h e l l   25  of  f i b e r   r e i n f o r c e d   p l a s t i c   and  a  p l a s t i c   f o a m  

c o r e   2 9 .  

2.  A  r a c k e t   f r a m e   as  c l a i m e d   in  C l a i m   1,  w h e r e i n   s a i d  

g r o o v e   23  i s   a  c u r v e   s h a p e   in  i t s   c r o s s - s e c t i o n .  

3.  A  r a c k e t   f r a m e   as  c l a i m e d   in  C l a i m   1,  f u r t h e r  

c o m p r i s i n g   two  s e c o n d   s t r i p   m e m b e r s   21  f o r   r e s p e c t i v e l y  

a d h e r i n g   to   o t h e r   s i d e s   of  s a i d   f i r s t   s t r i p   members   22  

o p p o s i t e   to   s a i d   one  s i d e s .  
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