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©  Structural  members  and  apparatus  and  method  for  the  production  thereof. 
  The  present  invention  relates  to  laminated  rings  which 
may  be  used  as  load  bearing  members,  for  example  as  load 
bearing  members  in  items  of  furniture.  The  rings  are  formed 
from  a  number  of  laminate  layers,  and  each  laminate  layer  is 
made  up  of  a  number  of  sections.  Each  section  is  specially 
cut  in  order  to  produce  a  ring  whose  walls  are  angled. 

The  invention  also  relates  to  a  method  of  producing  the 
laminated  rings  and  to  a  tool  designed  to  produce  the 
laminated  rings. 



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

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

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

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

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

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

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

I t   s h o u l d   be  n o t e d   t h a t   t h e   w o r d   " r i n g "   a s  

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

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

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

w h i c h   may  be  o f   any  g e n e r a l   s h a p e ,   s u c h   as   s q u a r e   o r  

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

i n c l u d e s   a t   l e a s t   an  a r c u a t e   p o r t i o n .  

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

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

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

s u c h   r i n g s   w e r e   e x p e n s i v e   to   p r o d u c e .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  c o n t i n u o u s  

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

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

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

i s   a r c u a t e .  

As  an  e x a m p l e ,   s u c h   s t r u c t u r a l   m e m b e r s   c a n   b e  



u s e d   as  t h e   m a j o r   l o a d - b e a r i n g   m e m b e r s   in   a r t i c l e s   o f  

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

c h a i r ,   f o r   i n s t a n c e ,   or  t h e   l e g s   and  t a b l e   t o p   of   a  

t a b l e .  

The  p r e s e n t   i n v e n t i o n   p r e f e r a b l y   a l s o   p r o v i d e s  

a  s t r u c t u r a l   member   m a n u f a c t u r e d   f r o m   l a m i n a t e   l a y e r s ,  

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

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

a t   an  a n g l e   l e s s   t h a n   90°  to   t h e   g r a i n   of  t h e   wood  i n  

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

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

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

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

a r r a n g e d   so  t h a t   t h e   g r a i n   of  t h e   wood  i n   t h e   p l a n e   o f  

t h e   l a m i n a t e   r u n s   a t   an  a n g l e   of   900  to   t h e   g r a i n   o f   t h e  

wood  i n   a  p r e c e d i n g   l a m i n a t e   l a y e r .  

H o w e v e r ,   in   t h e   p r e s e n t   i n v e n t i o n   w h e r e   a  

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

r e q u i r e d   so  t h a t   a  c o n t i n u o u s   r i n g   may  be  p r o d u c e d ,   t h e  

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

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

p r o d u c e   a  r i n g .  

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

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

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

i s   a t   an  a n g l e   l e s s   t h a n   900  to   t h e   g r a i n   of   t h e   w o o d  

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

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

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

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

P r e f e r a b l y ,   t h e   p r e f e r r e d   a n g l e   b e t w e e n   t h e  

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

1 0 ° .  

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

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



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

c o m p o n e n t   t r a n s v e r s e   to   t h e   c e n t r a l   a x i s   of  t h e   r i n g .  

The  p r e s e n t   i n v e n t i o n   f u r t h e r   p r o v i d e s   a  

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

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

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

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

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

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

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

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

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

m e m b e r .  

The  i n n e r   w a l l   of   t h e   s t r u c t u r a l   member   i s  

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

T h a t   i s ,   t h e   i n n e r   w a l l   can   be  f o r m e d   a t   any   a n g l e  

b e t w e e n   h o r i z o n t a l   and  v e r t i c a l .  

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

w h i c h   t h e   i n n e r   w a l l   i s   g e n e r a l l y   a t   an  a n g l e   to   t h e  

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

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

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

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

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

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

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

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

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

s a i d   m e m b e r s .  

The  m e m b e r s   a r e   p r e f e r a b l y   r i g i d   and  n o n -  

e x p a n d a b l e .  

P r e f e r a b l y ,   one  a n d / o r   b o t h   of  t h e   m e m b e r s  

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

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



a c c e l e r a t i n g   m e a n s   c o n v e n i e n t l y   may  be  h e a t i n g   m e a n s  

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

m e a n s .  

F e a t u r e s   and   a d v a n t a g e s   of  t h e   p r e s e n t   i n v e n t i o n  

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 s c r i p t i o n   o f  

e m b o d i m e n t s   t h e r e o f ,   g i v e n   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 ,   i n   w h i c h : -  

F i g u r e   1  i s   a  c u t   away  s e c t i o n   of   a  s t r u c t u r a l  

member   a c c o r d i n g   t o   t h e   p r e s e n t   i n v e n t i o n ;  

F i g u r e   2  i s   a  cu t   away  s e c t i o n   of   a n o t h e r  

s t r u c t u r a l   member   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 ;  

F i g u r e   3  i s   a  c u t   away  s e c t i o n   of   y e t   a n o t h e r  

s t r u c t u r a l   m e m b e 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 ;  

F i g u r e s   4,  5,  6  show  p e r s p e c t i v e   v i e w s   of   t h e  

s t r u c t u r a l   m e m b e r s   of   F i g u r e s   1,  2  and  3  r e s p e c t i v e l y ;  

F i g u r e s   7,  8  and  9  show  t o p   p l a n   v i e w s   o f  

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

m e m b e r s   o f   F i g u r e s   4,  5  and  6  r e s p e c t i v e l y ;  

F i g u r e s   10,  11,  12  and  13  show  t o p   v i e w s   o f  

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

w h i c h   c a n   be  p r o d u c e d ;  

F i g u r e   14  i l l u s t r a t e s   a  way  l a m i n a t e   s e c t i o n s  

a r e   c u t   f r o m   wood  a t   an  a n g l e   to   t h e   g r a i n ;  

F i g u r e   15  shows   a  p e r s p e c t i v e   v i e w   of  a  p a r t  

of   a  t o o l   i n   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   w h i c h  

c a n   be  u s e d   to   m a n u f a c t u r e   c e r t a i n   t y p e s   of   t h e  

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

F i g u r e   16  shows   an  e x p l o d e d   p e r s p e c t i v e   v i e w  

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

t y p e s   of   s t r u c t u r a l   m e m b e r s ;  

F i g u r e   17  i s   a  c r o s s - s e c t i o n a l   p e r s p e c t i v e  

v i e w   of   p a r t   o f   t h e   t o o l   shown  in   F i g u r e   1 6 .  

A  s t r u c t u r a l   member  i s   m a n u f a c t u r e d   by  p l a c i n g  

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



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

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

f o r m e d   i n   e x a c t l y   t h e   same  way,   e x c e p t   t h a t   t h e   j o i n  

w h e r e   an  end  of  a  l a m i n a t e   s e c t i o n   a b u t s   a g a i n s t   a n  
end  of   a n o t h e r   l a m i n a t e   s e c t i o n   of   t h e   same  l a y e r   i s  

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

l a y e r .   The  n u m b e r   of  l a y e r s   r e q u i r e d   i s   b u i l t   up  i n  

t h i s   way  u n t i l   t h e   s t r u c t u r a l   member   i s   c o m p l e t e .  

F i g u r e s  1   to  6  show  t h r e e   d i f f e r e n t l y   s h a p e d  
s t r u c t u r a l   m e m b e r s .   F i g u r e   1  shows   a  cu t   away  v i e w   o f  

a  g e n e r a l l y   a n n u l a r   s t r u c t u r a l   member   h a v i n g   a  w a l l   4 ,  

made  of   l a m i n a t e d   l a y e r s ,   w h e r e i n   t h e   w a l l s   of   t h e  

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

a x i s   of   t h e   s t r u c t u r a l   m e m b e r ,   i n   t h i s   c a s e   a t   an  a n g l e  
of   7 ° .   The  c o m p l e t e   a r t i c l e   i s   shown  i n   F i g u r e   4 .  

In   t h e   g e n e r a l l y   a n n u l a r   s t r u c t u r a l   member   o f  

F i g u r e s   2  and  5,  t h e   w a l l   i s   s h a p e d   s u c h   t h a t   t h e   l o w e r  

p a r t   1  o f   t he   w a l l   i s   a t   an  a n g l e   o f ,   f o r   e x a m p l e ,   7 ° ,  

b u t   t h e   t o p   p a r t   2  of  t h e   w a l l   i s   r a d i u s s e d   to   i n c r e a s e  

t h e   a n g l e .   F i g u r e s   3  and  6  show  a  g e n e r a l l y   a n n u l a r  

s t r u c t u r a l   member   w h e r e   t h e   w a l l s   a r e   a n g l e d   o u t w a r d s   a n d  

a r e   g e n e r a l l y   S  s h a p e d   in   c r o s s - s e c t i o n a l   v i e w .  

I t   w i l l   be  a p p r e c i a t e d   t h a t , t h e   w a l l s   can   b e  

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

and   g e n e r a l l y   any  s h a p e   t o   f i t   t h e   r e q u i r e m e n t s   f o r   t h e  

s t r u c t u r a l   m e m b e r .  

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

F i g u r e   7  shows   a  s i n g l e   l a m i n a t e   s e c t i o n   f o r  
u s e   i n   t h e   s t r u c t u r a l   member   of   F i g u r e   1.  I t   i s   g e n e r a l l y  



p l a n a r   and  a r c u a t e   w i t h   two  ends   w h i c h   a r e   c u t   s o  

t h a t   t h e   d e s i r e d   a n g l e   w i l l   be  f o r m e d   when  t h e   l a m i n a t e  

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

s t r u c t u r a l   member  shown  in   F i g u r e s   1  and  4 .  

F i g u r e   8  shows   a  s i n g l e   l a m i n a t e   s e c t i o n   f o r  

u s e   i n   t h e   s t r u c t u r a l   member   of   F i g u r e s   2  and   5.  A g a i n ,  

t h e   l a m i n a t e   s e c t i o n   i s   a r c u a t e   so  t h a t   i t   can   be  m a d e  

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

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

F i g u r e   9  shows   a  s i n g l e   l a m i n a t e   s e c t i o n   f o r  

u s e   i n   t h e   s t r u c t u r a l   member   of   F i g u r e s   6  and   3 .  

I t   w i l l   be  n o t e d   t h a t   as  t h e   s t r u c t u r a l   m e m b e r  

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

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

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

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

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

of   t h e   e n d s   of  each   v e n e e r   s e c t i o n .  

The  s t r u c t u r a l   m e m b e r s   n e e d   n o t   be  a n n u l a r   i n  

s h a p e   b u t   can  be  f o r m e d   i n   any  s h a p e   r e q u i r e d .   F i g u r e s  

12  t o   14  show  t o p   v i e w s   of   some  of  t h e   s t r u c t u r a l   m e m b e r s  

w h i c h   c an   be  f o r m e d   i n   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 .   O t h e r   s h a p e s   may  a l s o   be  f o r m e d .  

F i g u r e   10  shows   a  s t r u c t u r a l   member   of  g e n e r a l l y  

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

F i g u r e   11  s h o w s   a  s t r u c t u r a l   member   of   g e n e r a l l y  

s q u a r e   s h a p e ,   w i t h   c u r v e d   c o r n e r s .  

F i g u r e   12  shows   a  s t r u c t u r a l   member   of  g e n e r a l l y  

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

I t   w i l l   be  n o t e d   t h a t   t h e   c o r n e r s   of   t h e  

s t r u c t u r a l   member s   in   e a c h   c a s e   h a v e   some  c u r v a t u r e   t o  

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

p l u r a l i t y   of  l a m i n a t e   s e c t i o n s ,   w h i c h   a r e   n o t   so  f l e x i b l e  

as  t o   a l l o w   f o r   e x t r e m e l y   s h a r p   c o r n e r s .  

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



any  c r o s s - s e c t i o n a l   s h a p e ,   as  p r e v i o u s l y   d e s c r i b e d .  

Such   s t r u c t u r a l  m e m b e r s   can  f i n d   u s e   a s  

s t r u c t u r a l   members   in   f u r n i t u r e .   For   e x a m p l e ,   t h e  

g e n e r a l l y   s q u a r e   s t r u c t u r a l   member   c o u l d   f i n d   u s e   a s  

t h e   m a j o r   s u p p o r t i n g   member   w h i c h   b r a c e s   t o g e t h e r   t h e  

f o u r   l e g s   of   a  c h a i r .  

In   o r d e r   to   p r o v i d e   e x t r a   s t r e n g t h   t o   t h e  

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

d i m i n u a t i d n   in   t h e   f l e x i b i l i t y   r e q u i r e d   i n   o r d e r   t o  

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

can   be  c u t   as  shown  in   F i g u r e   1 4 .  

F i g u r e   14  shows   a  f l a t   s h e e t   of  l a m i n a t e  

m a t e r i a l   8  f rom  w h i c h   t w o  b o w - s h a p e d   l a m i n a t e   s e c t i o n s  

10  and   11  a r e   to   be  c u t .   A r r o w s 9   r e p r e s e n t i n g   t h e  

d i r e c t i o n   in   w h i c h   t h e   g r a i n   of   t h e   wood  of   t h e   f l a t  

s h e e t   8  r u n s .   The  t a n g e n t s   t o   t h e   m i d - p o r t i o n s   o f  

l a m i n a t e   s e c t i o n s   10  and   11  a r e   i n d i c a t e d   by  a r r o w s   13 

and  12  r e s p e c t i v e l y .  

L a m i n a t e   s e c t i o n   10  i s   c u t   so  t h a t   t h e   t a n g e n t  

13  i s   d i r e c t e d   a t   an  a n g l e   +A  to   t h e   g r a i n   of   t h e   w o o d .  

A n g l e   A  i s   p r e f e r a b l y   n o t   more   t h a n   10° .   L a m i n a t e  

s e c t i o n   11  i s   c u t   so  t h a t   t h e   t a n g e n t   12  i s   d i r e c t e d   a t  

a n g l e   -A  to   t h e   g r a i n   of  t h e   wood ,   i . e .   t h e   same  a n g l e  

b u t   i n   a  d i f f e r e n t   d i r e c t i o n .  

I f   t h e s e   two  l a m i n a t e   s e c t i o n s   a r e   u s e d   i n  

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

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

t h e   g r a i n   l i e s   in   e a c h   c a s e ,   w i l l   add  e x t r a   s t r e n g t h   t o  

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

f l e x i b i l i t y   of  t h e   l a m i n a t e   l a y e r s .  

I t   s h o u l d   be  n o t e d   t h a t ,   a l t h o u g h   t h e  

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

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

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

C e r t a i n   t y p e s   of  p l a s t i c s   a r e   known  w h i c h   h a v e   a  g r a i n ,  



and   l a m i n a t e   s e c t i o n s   c an   be  c u t   f rom  t h e s e   m a t e r i a l s  

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

In  c a s e s   w h e r e   t h e   s t r u c t u r a l   m e m b e r s   a r e  

n o t   a n n u l a r   in   s h a p e   b u t   a r e   o t h e r   s h a p e s ,   s u c h   a s  

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

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

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

two  l a m i n a t e   s e c t i o n s   i n   e a c h   l a y e r   f o r m   a  j o i n   in   t h e  

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

s e c t i o n s   to  f o rm  a  c o r n e r ,   t h e   two  l a m i n a t e   s e c t i o n s   c a n  

be  o f   c o m p l e m e n t a r y   s h a p e s ,   and   t h e   j o i n   c an   be  a d j u s t e d  

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

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

u s e d   to   f o rm  a  c o r n e r   t h e   s h a p e   of   t h e   s e c t i o n   i s  

l i k e l y   to  be  s u c h   t h a t   i t   w i l l   be  d i f f i c u l t   to   a d j u s t  

t h e   p o s i t i o n   of   t h e   j o i n s   w i t h   a d j a c e n t   l a m i n a t e   s e c t i o n s  

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

m e m b e r .  

An  e m b o d i m e n t   of   a  t o o l   w h i c h   can   be  u s e d   t o  

m a n u f a c t u r e   s t r u c t u r a l   m e m b e r s   w h e r e i n   t h e   i n n e r   w a l l  

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

i s   d e s c r i b e d   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   w i t h   r e f e r e n c e  

to   F i g u r e s   15,  16  and   17  o f   t h e   d r a w i n g s .  

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

d e s c r i b e d .  

The  m e t h o d   and   a p p a r a t u s   to   be  d e s c r i b e d   h a v e  

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

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

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

The  r i n g s   a r e   d e s i g n e d   to   h a v e   p a r a l l e l   i n n e r  

and   o u t e r   s u r f a c e s   e a c h   s l o p i n g   a t   a b o u t   7°  w i t h   r e s p e c t  

to   t h e   a x i s   of  t h e   c o n e   a l t h o u g h   any  o t h e r   a n g l e   m a y  
be  p r o d u c e d ,   and  t h e   o u t e r   s u r f a c e   of  t h e   r i n g   n e e d   n o t  

n e c e s s a r i l y   be  p a r a l l e l   to   t h e   i n n e r   s u r f a c e .  

T u r n i n g   now  to   t h e   d r a w i n g s ,   F i g u r e   15  s h o w s  



an  o u t e r   a n n u l a r   c l a m p i n g   member   14  i n   t h e   f o r m   of   a  

c a s t   a l u m i n i u m   member   w h i c h   has   an  a n g l e d   i n n e r   f a c e  

15.  The  a n g l e   of   t h e   f a c e   15  d e t e r m i n e s   t h e   a n g l e   t o  

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

w h i c h   i n   t h i s   c a s e   i s   7 0 .  

As  shown  i n   F i g u r e   16,  a  c o o p e r a t i n g   c a s t  

a l u m i n i u m   c l a m p i n g   member   16  h a v i n g   an  a n g l e d   o u t e r   f a c e  

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

of  t he   member   14;  t h e   a n g l e   of   t h e   o u t e r   f a c e   17  b e i n g  

t h e   same  as  t h e   a n g l e   of   t h e   i n n e r   f a c e   15.  The  r e l a t i v e  

d i a m e t e r s   of  t h e   member   14  and  16  a r e   c h o s e n   h a v i n g  

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

p r o d u c e d   and   w h i c h   w i l l   be  f r a m e d   b e t w e e n   t h e   f a c e s   15 

and  1 7 .  

W i t h   t h e   a b o v e   a r r a n g e m e n t ,   when  t h e   o u t e r  

member  14  i s   c l a m p e d   in   p o s i t i o n   e . g .   as  shown  by  t h e   b o l t s  

18  in   F i g u r e   17  and  t h e   member   16  i s   moved  a x i a l l y   o f  

t h e   member   14,  t h e   f o r c e   a p p l i e d   by  t h e   a n g l e d   f a c e s   1 5 ,  

17  to   l a m i n a t e s   i n s e r t e d   t h e r e b e t w e e n   may  be  a l t e r e d .  

As  shown  i n   F i g u r e   17  e i t h e r   or  b o t h   of   t h e   m e m b e r s   1 4 ,  

16  may  be  p r o v i d e d   w i t h   h e a t i n g   means   f o r   a c c e l e r a t i n g  

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

t h e   h e a t i n g   means   may  be  h o t   w a t e r - f i l l e d   t u b e s   o r  

d u c t s   1 9 .  

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

be  p r o d u c e d   as   f o l l o w s : -  

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

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

up .   The  a d v a n t a g e   of  t h i s   m e t h o d   is   t h a t   t h e   s e c t i o n s  

w h i c h   make  up  t h e   two  or  more  l a y e r s   of   t h e   r i n g   can   b e  

so  cu t   t h a t ,   f o r   e x a m p l e ,   t h r e e   p i e c e s   can   c o m p r i s e   o n e  

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

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

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

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



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

i n   t h e   r i n g ,   in  r e l a t i o n   to   t h e   a n g l e   of   t h e   w a l l   o f  

t h e   p r o d u c t   f o r   w h i c h   i t   w i l l   be  u s e d .   Fo r   e x a m p l e   a n  

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

m e m b e r s   can  be  made  w i t h   t h e   w a l l   h a v i n g   an  o u t w a r d  

s l a n t   o f   70,   and  t h i s   w i l l   be  r e q u i r e d   i n   t h e   r i n g .   When 

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

f o r c e d   o u t w a r d s   to   t a k e   up  t h e   s h a p e   of   t h e   p r o d u c t .  

The   s e c t i o n   has   a  n a t u r a l   r e s i l i e n c e ,   or  s p r i n g   t e n s i o n  

t o   t a k e   up  i t s   o r i g i n a l   f l a t   s h a p e .   When  a l l   t h e  

c o m p o n e n t s   w h i c h   make  up  e a c h   l a y e r   h a v e   b e e n   p u t   i n  

p l a c e ,   t h e   s p r i n g   t e n s i o n   a c t s   to  k e e p   t h e   c o m p o n e n t s   i n  

p l a c e ,   t h u s   a l l o w i n g   t h e   f o l l o w i n g   l a y e r   to   be  pu t   i n  

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

The  member   17  i s   i n   t h e   f o r m   of   a  p l u g ,   w i t h  

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

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

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

be  p u s h e d   d o w n w a r d s   i n t o   t h e   o u t e r   member   14,  w i t h   t h e  

l a m i n a t e s   in   p o s i t i o n ,   c a u s i n g   an  e v e n   p r e s s u r e   to  b e  

a p p l i e d   to  a l l   t h e   g l u e d   s u r f a c e s .   The  more   p r e s s u r e  

a p p l i e d ,   t h e   t i g h t e r   t h e   f i t .   The  p r e s s u r e   can   b e  

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

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

In   o r d e r   to  s p e e d   up  t h e   g l u i n g   or  b o n d i n g  

p r o c e s s ,   h e a t   c an   be  a p p l i e d   by  c a s t i n g   p i p i n g   i n t o   t h e  

a l u m i n i u m   f o r m i n g   r i n g s ,   so  t h a t   h o t   w a t e r ,   s t e a m   o r  

o t h e r   h e a t e d   l i q u i d   can   be  c i r c u l a t e d   r o u n d   t h e   c l a m p i n g  

r i n g s .   The  r i n g s   c a n   be  e l e c t r i c a l l y   h e a t e d ,   and  R a d i o  

F r e q u e n c y   g l u i n g   can   be  a p p l i e d ,   as  w e l l   as  any   o t h e r  

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

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

be  r o u n d .   By  u s i n g   p a r t   of   a  c i r c u m f e r e n c e ,   i t   i s  

p o s s i b l e   to   make  up  s h a p e s   w h i c h   a r e   f o r   e x a m p l e   in   a  

g e n e r a l i t y   t r i a n g u l a r ,   s q u a r e ,   r e c t a n g u l a r ,   h e x a g o n a l ,  



and  so  on.   The  f o r m i n g   t o o l s   do  n o t   n e e d   to   b e  

a n n u l a r   in   s h a p e ,   b u t   c an   be  t r i a n g u l a r ,   s q u a r e ,   o r  

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

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

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

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

of  t h e   c o o p e r a t i n g   f a c e s   of  t he   t o o l   can  v a r y   f r o m  

p o i n t   to   p o i n t   on  t h e   f a c e s   so  t h a t   r i n g s   can   b e  

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

i n s t a n c e ,   as  in   t h e   r i n g   shown  in  F i g u r e   5 .  



1.  A  c o n t i n u o u s   s t r u c t u r a l   member   c o m p r i s i n g   a  

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

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

a  p o r t i o n   of   t h e   member   i s   a r c u a t e .  

2.  A  s t r u c t u r a l   member   i n   a c c o r d a n c e   w i t h   c l a i m  

1,  w h e r e i n   g r a i n   o f   t h e   s e c t i o n s  i n   t h e   p l a n e   of   a n y  o n e  

l a y e r   r u n s   a t   an  a n g l e   of  l e s s   t h a n   90°   t o   t h e   g r a i n  

of   t h e   s e c t i o n   i n   a d j a c e n t   l a y e r s .  

3.  A  s t r u c t u r a l   member   in   a c c o r d a n c e   w i t h   c l a i m  

2,   w h e r e i n   s a i d   a n g l e   of   t h e   g r a i n   of   t h e   s e c t i o n s ,   i n  

a  l a y e r   i s   n o t   more   t h a n   100  w i t h   r e s p e c t   t o   t h e   g r a i n s  

i n   a d j a c e n t   l a y e r s .  

4.  A  s t r u c t u r a l   member   i n   a c c o r d a n c e   w i t h   a n y  

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

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

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

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

a c h i e v e d .  

5.  A  s t r u c t u r a l   member   a c c o r d i n g   to   any  p r e c e d i n g  

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

s u r f a c e   and   an  o u t e r   c o n t i n u o u s   s u r f a c e ,   and   t h e   i n n e r  

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

t h e   m e m b e r .  



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

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

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

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

r e l a t i v e   to   e a c h   o t h e r   s u c h   t h a t   a  f o r c e   i s   a p p l i e d  

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

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

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

m o v e m e n t   b e t w e e n   s a i d   m e m b e r s .  

7.'  A  t o o l   in   a c c o r d a n c e   w i t h   c l a i m   5,  w h e r e i n  

s a i d   f i r s t   member   i s   in   t he   fo rm  of  a  p l u g   h a v i n g   a  

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

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

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

w h i c h   i s   a n g l e d   w i t h   r e s p e c t   to   t h e   c e n t r a l   a x i s   of  t h e  

r i n g ,   and   w h e r e i n   t h e   d i m e n s i o n s   of   s a i d   f i r s t   member   a n d  

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

member   c o r r e s p o n d s   w i t h   t h e   i n n e r   w a l l   of   s a i d   s e c o n d  

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

8.  A  t o o l   i n   a c c o r d a n c e   w i t h   any  of   c l a i m s   6  o r  -  
7,  w h e r e i n   p i p i n g   i s   p r o v i d e d   in   t h e   f i r s t   a n d / o r  

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

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

9.  A  t o o l   i n   a c c o r d a n c e   w i t h   any  of   c l a i m s   6  t o  
8,  w h e r e i n   s a i d   s e c o n d   member   i s   f i x e d   i n   p o s i t i o n   a n d  

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

i t s   a x i s   by  t h e   a p p l i c a t i o n   of   e x t e r n a l   f o r c e ,   w h e r e b y  

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

i n   a  d i r e c t i o n   t r a n s v e r s e   to   t h e   a x i s .  



10.  A  m e t h o d   of   m a n u f a c t u r i n g   a  c o n t i n u o u s  

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

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

one   f u r t h e r   l a y e r   o v e r   s a i d   f i r s t   l a y e r ,   t h e   or  e a c h  

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

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

f o r c e   them  i n t o   e n g a g e m e n t   w i t h   e a c h   o t h e r ,   t h e r e b y  

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

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