
European  Patent  Office 

Office  europeen  des  brevets 

©  Publication  number: 0  0 2 8   9 1 8  

A 2  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  80303947.8  ©  Int.  CI.3:  C  14  B  1/26 
~   C  14  B  17/08 
(22)  Date  of  filing:  05.11.80 

©Priority:  12.11.79  GB  7939038  ©Applicant:  NORRIS  INDUSTRIES  RUSHDEN  LIMITED 
Wellingborough  Road 
Rushden  Northamptonshire  NN10  9BE(GB) 

(43)  Date  of  publication  of  application: 
20.05.81  Bulletin  81/20  ©  Inventor:  Garon,  Francis  Ralph 

11,  Rushden  Road 
@  Designated  Contracting  States:  Wymington,  Near  Rushden  Northamptonshire(GB) 

CH  DE  FR  GB  IT  LI  NL 
©  Representative:  Kirk,  Geoff  rey  Thomas  et  al, 

BATCHELLOR,  KIRK  &  EYLES  2  Pear  Tree  Court 
Farringdon  Road 
London  EC1R0DSIGB) 

j54)  Method  of  heat  treating  leather,  and  a  clip  for  use  in  the  method. 
(57)  In  the  heat  treatment  of  leather,  a  piece  of  leather  is 
placed  on  a  frame  and  attached  thereto  by  a  plurality  of  clips 
so  that  the  leather  lies  substantially  flat  on  the  frame.  The 
frame  and  the  leather  are  subjected  to  heat  treatment  and 
shape  memory  effect  (SME)  elements  serve  to  apply  stretch- 
ing  forces  to  the  piece  of  leather. 
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I n   the  heat  treatment  of  leather,  a  piece  of  leather  is 
placed  on  a  frame  and  attached  thereto  by  a  plurality  of  clips 
so  that  the  leather  lies  substantially  flat  on  the  frame.  The 
frame  and  the  leather  are  subjected  to  heat  treatment  and 
shape  memory  effect  (SME)  elements  serve  to  apply  stretch- 
ing  forces  to  the  piece  of  leather. 

A  suitable  clip  comprises  a  first  part  which  is  securable 
to  the  frame,  a  second  part  which  is  movable  relative  to  the 
first  part  and  grips  the  leather  and  an  SME  element  which  in 
its  transition  range  of  temperatures  displaces  the  second 
part  relative  to  the  first  part  to  stretch  the  leather. 



T h i s   i n v e n t i o n   r e l a t e s   to  a  me thod   of  h e a t   t r e a t i n g  

l e a t h e r   and  to  a p p a r a t u s   s u i t a b l e   fo r   use  in  t h i s   m e t h o d .  

D u r i n g   the   m a n u f a c t u r e   of  l e a t h e r   from  a n i m a l   s k i n ,  

i t   i s   n e c e s s a r y   to  a p p l y   a  h e a t   t r e a t m e n t   to  t he   l e a t h e r   i n  

o r d e r   to  d ry   i t .   I t   is  u s u a l   f o r   t he   l e a t h e r   to  b e  

r e m o v a b l y   a t t a c h e d   to  a  f r ame   and  fo r   the   f rame  and  t h e  

l e a t h e r   to  be  i n s e r t e d   i n t o   a  d r y i n g   m a c h i n e   fo r   the   h e a t  

t r e a t m e n t .   To  e n s u r e   t h a t   as  l a r g e   an  a r e a   of  the   l e a t h e r  

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

u s u a l   to  l i e   t he   l e a t h e r   s u b s t a n t i a l l y   f l a t   on  the   f rame  a n d  

to  p u l l   t h e   e d g e s   of  t he   l e a t h e r   o u t w a r d l y   to  a p p l y  

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

t h e   f r a m e   by  means  of  r e m o v a b l e   c l i p s .   To  t h i s   end,   a n  

o p e r a t o r   g r i p s   a  p o r t i o n   of  t he   l e a t h e r   c l o s e   to  one  e d g e  

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

l e a t h e r   and  a t t a c h e s   t he   c l i p   to  t he   f r a m e .   Th is   i s  

r e p e a t e d   a  number   of  t i m e s   u n t i l   the   l e a t h e r   is  s t r e t c h e d   i n  

a l l   d i r e c t i o n s   and  is  f i r m l y   a t t a c h e d   to  t he   f r a m e .   I n  

p r a c t i c e ,   i t   is  d i f f i c u l t   to  s t r e t c h   the   l e a t h e r   e v e n l y   i n  

a l l   d i r e c t i o n s   and,  s i n c e   t he   l e a t h e r   s h r i n k s   as  i t   i s  

d r i e d ,   t h i s   may  r e s u l t   in  a  h e a t   t r e a t e d   p i e c e   of  l e a t h e r  

w h i c h   has   a  s m a l l e r   u s a b l e   a r e a   t h a n   would  have  been   t h e  

c a s e   i f   t he   l e a t h e r   had  been   s t r e t c h e d   s u b s t a n t i a l l y   e v e n l y  

in  a l l   d i r e c t i o n s .  

A c c o r d i n g   to  a  f i r s t   a s p e c t   of  the   p r e s e n t  

i n v e n t i o n ,   in  a  method   of  t r e a t i n g   l e a t h e r ,   the   l e a t h e r   i s  

p l a c e d   on  a  f rame  and  is  a t t a c h e d   t h e r e t o   by  a  p l u r a l i t y   o f  

c l i p s   so  t h a t   the   l e a t h e r   l i e s   s u b s t a n t i a l l y   f l a t   on  t h e  

f r a m e ,   t h e   f r ame   and  the   l e a t h e r   a re   s u b j e c t e d   to  h e a t  

t r e a t m e n t   to  dry  the   l e a t h e r   and,   d u r i n g   the   h e a t   t r e a t m e n t ,  

s h a p e   memory  e f f e c t   (SME)  e l e m e n t s   s e r v e   to  c a u s e   s t r e t c h i n g  

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



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

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

When  t h e   p i e c e   of  l e a t h e r   is   s e c u r e d   to  t h e   f r a m e  

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

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

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

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

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

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

h e a t   t r e a t m e n t .  

The  SME  e l e m e n t s   may  be  a s s o c i a t e d   one  w i t h   e a c h   o f  

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

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

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

r e l a t i v e   to   t h e   f i r s t   p a r t ,   and  an  SME  e l e m e n t ,   a c t i n g  

b e t w e e n   t h e   f i r s t   p a r t   and  t h e   g r i p p e r   p a r t   and  s e r v i n g ,  

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

g r i p p e r   p a r t   r e l a t i v e   to   t he   f i r s t  p a r t .  

By  a  " s h a p e   memory  e f f e c t   e l e m e n t "   (SME)  as  u s e d  

h e r e i n   is   m e a n t   an  e l e m e n t  o f  a   m a t e r i a l ,   u s u a l l y   an  a l l o y ,  

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

t e m p e r a t u r e   in   a  r e v e r s i b l e   m a n n e r   o v e r   a  t r a n s i t i o n  

t e m p e r a t u r e   r a n g e   d e p e n d e n t   on  t he   m a t e r i a l   e m p l o y e d .   T h e r e  

a r e   a  n u m b e r   of   known  a l l o y s   w h i c h   d i s p l a y   s h a p e   m e m o r y  
e f f e c t   when  s u b j e c t   to  a  p r e - c o n d i t i o n i n g  h e a t   t r e a t m e n t .   A 

s u i t a b l e   a l l o y   i s   one  h a v i n g   a  c o m p o s i t i o n   by  w e i g h t   of  t h e  

o r d e r   of   c o p p e r   70%,  a l u m i n i u m   4 %  a n d   z i n c   26%.  Above   a n d  

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

t e m p e r a t u r e   h a v e   no  a p p r e c i a b l e   e f f e c t   on  t h e   t h e r m a l  

p r o p e r t i e s   of  t h e   m a t e r i a l .   In  t he   t r a n s i t i o n   r a n g e ,  

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

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

t h e   s t r a i n   of   t h e   s t r e s s e d   e l e m e n t .  

In  o r d e r   t h a t   t h e   i n v e n t i o n   may  be  more  r e a d i l y  

u n d e r s t o o d   i t   w i l l   now  be  d e s c r i b e d ,   by  way  of  e x a m p l e   o n l y ,  



w i t h   r e f e r e n c e   to   t h e   a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h : -  

F i g u r e   1  i s   a  p e r s p e c t i v e   v iew  of  an  e x p a n d i b l e  

f r a m e   fo r   use   in  t h e   t r e a t m e n t   of  l e a t h e r   in  a c c o r d a n c e   w i t h  

e m b o d i m e n t   of  t he   m e t h o d   of  the   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  p e r s p e c t i v e   v iew  of  an  a l t e r n a t i v e  

form  of  f r a m e   f o r   use  in  t he   t r e a t m e n t   of  l e a t h e r   i n  

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

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  p e r s p e c t i v e   v iew  of  p a r t   of  t he   f r a m e  

shown  in  F i g u r e   2 ,  

F i g u r e   4  i s   a  p e r s p e c t i v e   v iew  of  a  c l i p   s u i t a b l e  

f o r   use  in  t he   t r e a t m e n t   of  l e a t h e r .  

F i g u r e   5  i s   a  s e c t i o n a l   s i d e   e l e v a t i o n   of  a n  

a l t e r n a t i v e   form  of  a  c l i p   to  t h a t   shown  in  F i g u r e   4,  a n d  

F i g u r e   6  i s   a  s i d e   e l e v a t i o n   of  a  s t i l l   f u r t h e r  

form  of  c l i p   to  t h o s e   shown  in  F i g u r e   4  and  5 

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

two  g e n e r a l l y   s i m i l a r   f r a m e s   3,  5,  each  of  r e c t a n g u l a r   f o r m  

and  e a c h   h a v i n g   a  p e r f o r a t e d   or  e x p a n d e d   m e t a l   p l a t e   7 

s e c u r e d   to  i t .   The  two  f r a m e s   3,  5  are   a r r a n g e d  

s i d e - b y - s i d e   and  a  p a i r   of  r o d s   9  e x t e n d   t h r o u g h   the   s h o r t e r  

s i d e s   of  t he   f r a m e s   in  t he   d i r e c t i o n   of  t h e i r   l e n g t h .   T h e  

r o d s   9  s e r v e   as  g u i d e s   to  e n a b l e   the   two  f r a m e s   3,  5  to   move  

t o w a r d s   and  away  from  each   o t h e r .   A  p l u r a l i t y   of  SME 

e l e m e n t s   in  t he   form  of  c o i l   s p r i n g s   11  a r e   p o s i t i o n e d  

b e t w e e n   t he   a d j a c e n t   l o n g e r   s i d e s   of  the   f r a m e s .   To  t r e a t  

l e a t h e r   in  a c c o r d a n c e   w i t h   the   p r e s e n t   i n v e n t i o n ,   t he   p i e c e  

of  l e a t h e r   is   l a i d   on  the   m e t a l   p l a t e   7  and  is   s p r e a d   o u t  

u n t i l   i t   l i e s   s u b s t a n t i a l l y   f l a t   on  the   f rame  1.  T h e  

l e a t h e r   is   a t t a c h e d   to  t he   f r a m e   1  by  means  of  a  p l u r a l i t y  

of  g r i p p e r   c l i p s   ( n o t   s h o w n ) .   An  o p e r a t o r   g r i p s   a  p o r t i o n  

of  t he   l e a t h e r   a d j a c e n t   i t s   edge  by  means  of  a  c l i p   a n d  

a p p l i e s   a  l i m i t e d   amoun t   of  t e n s i o n   to  the   l e a t h e r   to  r e m o v e  

any  w r i n k l e s   or  f o l d s   in  i t   and  c o n n e c t s   the   c l i p   to  t h e  

p l a t e   7  by  i n s e r t i n g   a  peg  on  the   c l i p   i n t o   one  of  t h e  



p e r f o r a t i o n s   in  t h e   p l a t e .   T h i s   i s   r e p e a t e d   f o r   e ach   c l i p  

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

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

e d g e s   to   t h e   f r a m e .   T h e  f r a m e   and  t h e  l e a t h e r   a r e   t h e n  

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

h e a t   t r e a t m e n t   w i t h   a  maximum  t m p e r a t u r e   of  say   7 5 - 8 5 ° C   i n  

o r d e r   to   d r y   t h e   l e a t h e r .   The  t r a n s i t i o n   r a n g e   o f  

t e m p e r a t u r e s   of  t h e   SME  e l e m e n t s   11  i s   a r r a n g e d   to   be  a b o v e  

a m b i e n t   and  l e s s   t h a n   t h e   maximum  t e m p e r a t u r e   to  w h i c h   t h e  

e l e m e n t s   a r e   s u b j e c t e d   in  t h e   d r y i n g  m a c h i n e   and ,   when  t h e y  

r e a c h   t h e i r   t r a n s i t i o n   t e m p e r a t u r e   r a n g e ,   t h e   e l e m e n t s   11  

s u d d e n l y   e x p a n d   c a u s i n g   t h e   two  f r a m e s   3,  5  to   move  a w a y  

f rom  e a c h   o t h e r .   S i n c e  t h e   l e a t h e r   i s   f i r m l y   a t t a c h e d   t o  

t h e   f r a m e ,   t h e   m o v e m e n t   of  t h e   f r a m e s   3,  5  c a u s e s   t h e  

l e a t h e r   to   be  s t r e t c h e d .   Thus ,   d u r i n g   t h e   h e a t   t r e a t m e n t   o f  

t h e   l e a t h e r ,   i t   i s   h e l d   in  a  s t r e t c h e d   c o n d i t i o n .   At  t h e  

end  of   t h e   h e a t   t r e a t m e n t ,   when  t h e  l e a t h e r   has   b e e n   a l l o w e d  

to   r e t u r n   to   a m b i e n t   t e m p e r a t u r e ,   t h e  l e a t h e r   r e m a i n s  

s t r e t c h e d   and  p r e s e n t s   an  i n c r e a s e d   s u r f a c e   a r e a   f rom  w h i c h  

u s a b l e   l e a t h e r   can  be  o b t a i n e d .  

In  t h e   a r r a n g e m e n t   shown,   t he   SME  s p r i n g s   11  a c t  

d i r e c t l y   b e t w e e n   t h e   F i g u r e s   3,  5  to  b r i n g  a b o u t   s e p a r a t i o n  

of   t h e   f r a m e s   b u t   t h e  S M E   e l e m e n t s   c o u l d   a c t   upon  m e c h a n i c a l  

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

w h e n   t h e   e l e m e n t s   e x p a n d .   A l t h o u g h   two  f r a m e s   3,  5  a r e  

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

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

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

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

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

s t r e t c h e d   r a d i a l l y   in  many  d i r e c t i o n s .  

F i g u r e   2  s h o w s  a   f r a m e  b y   w h i c h   s t r e t c h i n g   f o r c e s  

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

A  m e t a l   r e c t a n g u l a r   f r a m e   21  has   a  c r o s s   s u p p o r t s  
25  s e c u r e d   to   i t   and  t h e y   s u p p o r t   a  p a i r  o f   c o n c e n t r i c   m e t a l  



r i n g s   27,  29.  The  o u t e r   r i n g   29  of  the   p a i r   has   a  p l u r a l i t y  

of   r a d i a l   h o l e s   31  f o r m e d   in  i t   and  each   h o l e   has   a  

c o r r e s p o n d i n g   h o l e   33  a l i g n e d   w i t h   i t   in  the   o u t e r   f r a m e .  

Each  p a i r   of  a l i g n e d   h o l e s   31,  33  has   a  m e t a l   rod  35  f r e e l y  

s l i d a b l e   t h e r e i n   and  one  end  of  each   rod  a b u t s   a g a i n s t   t h e  

i n n e r   r i n g   27.  O u t w a r d l y   of  t he   r i n g   29  each   rod  c a r r i e s   a  

g r i p p e r   c l i p   37  w h i c h   i s   l o c k e d   to  t he   rod  and  an  SME 

e l e m e n t ,   in  t he   form  of  a  c o i l   s p r i n g   39,  s u r r o u n d s   t he   r o d  

and  t he   ends   of  t h e   s p r i n g   a b u t   a g a i n s t   the   c l i p   and  t h e  

r i n g   29  r e s p e c t i v e l y .   To  a c c o m m o d a t e   s p r i n g s   of  d i f f e r e n t  

l e n g t h s ,   each   c l i p   can  be  moved  a l o n g   the   rod  and  a  l o c a t i n g  

n ib   on  t he   c l i p   l o c a t e s   w i t h   one  of  a  p l u r a l i t y   of  n o t c h e s  

s p a c e d   a p a r t   on  t h e   rod  in  t he   d i r e c t i o n   of  i t s   l e n g t h .  

In  u s e ,   t h e   l e a t h e r   is  p l a c e d   on  the   f r ame   a n d  i t  

i s   g r i p p e d   a d j a c e n t   i t s   e d g e s   by  the   p l u r a l i t y   of  c l i p s .  

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

and  f o l d s   in  t he   l e a t h e r .   The  f rame  and  the   l e a t h e r   a r e  

t h e n   l o c a t e d   in  t he   d r y i n g   m a c h i n e   and  s u b j e c t e d   to  t he   h e a t  

t r e a t m e n t .   When  t he   t e m p e r a t u r e   in  t he   d r y i n g   m a c h i n e  

r e a c h e s   the   t r a n s i t i o n   r a n g e   of  t e m p e r a t u r e   of  the   SME 

e l e m e n t ,   the   e l e m e n t s   e x p a n d   r a p i d l y   and  f o r c e   t he   c l i p s   a n d  

t h e   r o d s   o u t w a r d l y   r e l a t i v e   to  t he   r i n g s   27,  29,  t h u s  

a p p l y i n g   s t r e t c h i n g   f o r c e s   to  t he   l e a t h e r .   With  t h i s   t y p e  

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

and  t h e y   a re   not   l i m i t e d   to  one  d i r e c t i o n ,   as  is   t he   c a s e  

w i t h   the   f r ame   shown  in  F i g u r e   1 .  

F i g u r e   4  i l l u s t r a t e s   a  g r i p p e r   c l i p   wh ich   can  b e  

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

p e r f o r a t e d   or  e x p a n d e d   m e t a l   p l a t e .   The  g r i p p e r   c l i p  

c o m p r i s e s   a  c h a n n e l   s h a p e d   m e t a l   member  41  h a v i n g   a n  

u p t u r n e d   end  43.  A  m e t a l   b l o c k   45  i s   f r e e l y   s l i d a b l e   w i t h i n  

t h e   c h a n n e l   s h a p e d   member   41.  On  the   b l o c k   is  m o u n t e d   a  

g r i p p e r   c o m p r i s i n g   a  s e t   of  f i x e d   t e e t h   47  and  a  

c o - o p e r a t i n g   s e t   of  t e e t h   49  m o u n t e d   on  a  p i v o t e d   arm  5 1 .  

The  s e t s   of  t e e t h   a r e   b i a s e d   t o g e t h e r   by  a  s p r i n g   ( n o t  



s h o w n ) .   A  f i n g e r   l o o p   53  on  t h e   b l o c k   e n a b l e s   t h e   b l o c k   a n d  

t h e   s e t s   of   g r i p p e r   t e e t h   to  be  e a s i l y   moved  r e l a t i v e   to  t h e  

c h a n n e l   member   41.  An  SME  e l e m e n t   in  t h e   form  of  a  c o i l  

s p r i n g   55  i s   f i t t e d   b e t w e e n ,   and  in  a b u t t i n g   r e l a t i o n   w i t h ,  

t h e   u p t u r n e d   end  43  and  t h e   b l o c k   45.  A  hook   57  i s   m o u n t e d  

on  t h e   b a s e   of  t h e   c h a n n e l   s h a p e d   member  4 1 .  

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

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

l e a t h e r   to   be  s u b s t a n t i a l l y   f l a t   f r e e   from  w r i n k l e s   a n d  

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

p i v o t i n g   t h e   arm  51  and  an  edge   p o r t i o n  o f   t h e   l e a t h e r   i s  

i n t r o d u c e d   b e t w e e n   the   s e t s   of   t e e t h .   The  t e e t h   a r e   t h e n  

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

d i r e c t i o n   away  f rom  t h e   l e a t h e r   to  t i g h t e n   t he   g r i p p e d  

p o r t i o n   of   t h e   l e a t h e r   and  t h e   hook   57  on  t h e   c l i p   i s  

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

to  l o c a t e   t h e   c l i p   r e l a t i v e  t o   t h e   f r a m e .   T h i s   is   r e p e a t e d  

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

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

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

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

i n t o   t h e   d r y i n g   m a c h i n e   f o r   t he   h e a t   t r e a t m e n t   and,   when  t h e  

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

t h e   SME  e l e m e n t s ,   t h e   e l e m e n t s   e x p a n d   r a p i d l y   c a u s i n g   t h e  

b l o c k   45  and  t h e   s e t s   of   g r i p p e r  t e e t h   to  move  r e l a t i v e   t o  

t h e   c h a n n e l   member  in  t h e   d i r e c t i o n   away  f r o m  t h e   u p t u r n e d  

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

l e a t h e r .  

The  g r i p p e r   c l i p   as  shown  in  F i g u r e   5  i s   a n  

a l t e r n a t i v e   form  of   t h a t   shown  in  F i g u r e   4  a n d   is   u s e d   o n  

t h e   l e a t h e r   in  t h e   same  m a n n e r   as  d e s c r i b e d   a b o v e .  

The  c l i p   c o m p r i s e s   a  t u b e   60  h a v i n g   a  hook   61  

a t t a c h e d   to   i t s   u n d e r s i d e   by  r i v e t s .   The  t u b e   shown  is   o f  

m e t a l   s u c h   as  a l u m i n i u m   b u t   a l t e r n a t i v e l y   t he   t u b e   and  h o o k  

may  be  i n t e g r a l   and  f o r m e d   of   a  p l a s t i c s   m a t e r i a l   such   a s  



f i b r e   f i l l e d   p o l y p r o p y l e n e .   A  g r i p p e r   c l i p   has   a  

c y l i n d r i c a l   p o r t i o n   62  h a v i n g   a  l o n g i t u d i n a l l y   e x t e n d i n g  

s l o t   in  i t s   w a l l   and  which   is  of  such   a  s i z e   as  to  p e r m i t  

t h e   c y l i n d r i c a l   p o r t i o n   to  s l i d e   on  the   t ube   60  w i t h   t h e  

hook   61  l o c a t e d   in  t he   s l o t .   A  s e t   of  f i x e d   t e e t h   63  and  a  

f i n g e r   l o o p   64  a r e   fo rmed   on  an  o u t w a r d   e x t e n s i o n   of  t h e  

p o r t i o n   62.  A  c o - o p e r a t i n g   s e t   of  t e e t h   65  a re   p r o v i d e d   o n  

an  arm  66  w h i c h   is  p i v o t a b l e   a b o u t   a  rod  67  w h i c h   p r o j e c t s  

n o r m a l   to  t he   l e n g t h   of  the   t u b e   t h r o u g h   a  p a i r   o f  

o p p o s i t e l y   d i s p o s e d   e l o n g a t e   s l o t s   68  f o r m e d   in  the   w a l l   o f  

t h e   t u b e .   The  rod   67  p r o j e c t s   t h r o u g h   a  bush   69  which   i s  

f r e e l y   s l i d e a b l e   w i t h i n   the   t u b e   60.  A  f u r t h e r   bush   70  i s  

f i x e d   a t   t he   end  of  t he   t u b e   wh ich   is   away  from  t he   hook  61 

and  a  rod  71  p r o j e c t s   t h r o u g h   the   bush   and  the   w a l l   of  t h e  

t u b e .   A  c o i l e d   t e n s i o n   s p r i n g   72  is   l o c a t e d   w i t h i n   t he   t u b e  

w i t h   one  end  a t t a c h e d   to  the   rod  71  and  the   o t h e r   a t t a c h e d  

to   t h e   rod  67.  The  t e n s i o n   s p r i n g   t h u s   s e r v e s   to  b i a s   t h e  

b u s h   69  t o w a r d s   t he   bush   7 0 .  

An  SME  c o m p r e s s i o n   s p r i n g   73  l o c a t e d   w i t h i n   t h e  

t u b e   60  s u r r o u n d s   the   s p r i n g   72  and  o p p o s i t e   ends  of  the   SME 

s p r i n g   a b u t   a g a i n s t   the   b u s h e s   69  and  70  r e s p e c t i v e l y .  

In  u se ,   t h e   c l i p   is  a t t a c h e d   to  the   f r ame   by  m e a n s  

of   t he   hook   61  and  a  p o r t i o n   of  the   l e a t h e r   is  g r i p p e d  

b e t w e e n   t he   s e t s   of  t e e t h   63,  65.  When  the   l e a t h e r   and  t h e  

c l i p   a r e   s u b j e c t e d   to  the   h e a t   t r e a t m e n t   and  the   t e m p e r a t u r e  

r i s e s   to  t he   t r a n s i t i o n   r a n g e   of  t e m p e r a t u r e   of  t he   SME 

s p r i n g ,   t h e n   t he   s p r i n g   73  r a p i d l y   i n c r e a s e s   in  l e n g t h   a n d  

f o r c e s   t he   b u s h   69  a l o n g   the   t u b e   60  away  from  t he   f i x e d  

b u s h   70.  The  movement   of  the   bush   c a u s e s   the   f i x e d   a n d  

m o v a b l e   t e e t h   63,  65  to  be  d i s p l a c e d   in  t he   d i r e c t i o n   a w a y  
f rom  the   f i x e d   bush   70  t h e r e b y   a p p l y i n g   a  s t r e t c h i n g   f o r c e  

to  t he   l e a t h e r .  

In  t he   c l i p s   shown  in  F i g u r e s   4  and  5,  t he   SME 

s p r i n g   e x p a n d s   at   t he   t r a n s i t i o n   r a n g e  o f   t e m p e r a t u r e   t o  

a p p l y   s t r e t c h i n g   f o r c e   to  the   p i e c e   of  l e a t h e r   bu t   as  t h e  



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

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

SME  s p r i n g   and  t h i s   may  c a u s e   t h e   SME  s p r i n g   to   be  s l o w l y  

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

shown  in  F i g u r e   6  i s   a r r a n g e d   such   t h a t   t h i s   can  b e  

p r e v e n t e d .   An  e l o n g a t e   body   member  80  h a s  a   h o o k e d   p o r t i o n  

81  a t   one  end  and  r a t c h e t   t e e t h   82  f o r m e d   on  i t s   u n d e r s i d e  

a d j a c e n t   s a i d   end .   An  u p s t a n d i n g   member  83  i s   s e c u r e d  t o  

t h e   end  o f   t h e   body   member   w h i c h  i s   o p p o s i t e   t h e   h o o k e d  

p o r t i o n   81.   A  b l o c k   84  h a s   a  p a i r   of  s p a c e d   a p a r t   u p p e r   a n d  

l o w e r   r o l l e r s   85  w h i c h   e n g a g e   t he   u p p e r   and  l o w e r   s u r f a c e s  

r e s p e c t i v e l y   of   t h e   body   member   80  and  a  f u r t h e r   r o l l e r   8 6  

e n g a g e s   t h e   l o w e r   s u r f a c e   of   t h e   body  member   80.  The  b l o c k  

84  d e f i n e s   a  f i n g e r   l o o p  8 7   and  a  s e t   of  g r i p p e r   t e e t h   8 8 .  

A  s e c o n d   s e t  o f   g r i p p e r   t e e t h   89  c o - o p e r a t e   w i t h   t h e   t e e t h  

88  and  t h e   t e e t h   89  a r e   m o u n t e d   on  an  arm  90  w h i c h   i s  

p i v o t e d   a b o u t   a  p i n   c a r r i e d   by  t h e   b l o c k   c o a x i a l   w i t h  t h e  

a x i s   of   t h e   l o w e r   r o l l e r   85.   Thus  b y  p i v o t t i n g   t h e   arm  9 0 ,  

t h e   s e t s   of   g r i p p e r   t e e t h   can  be  o p e n e d   and  c l o s e d .   A 

s p r i n g   91  b i a s s e s  t h e   s e t s   of   g r i p p e r   t e e t h   t o g e t h e r .  

A  m e t a l   l o o p   92  i s   c a r r i e d   by  t h e   b l o c k   and  i s  

p i v o t a b l e   a b o u t   t h e   a x i s   of  t h e  u p p e r   one  of   t h e   r o l l e r s  8 5 .  

A  p o r t i o n   93  of  t h e   l o o p   92  e x t e n d s  b e n e a t h   t h e   b l o c k   84  a n d  

s e r v e s   as  a  r a t c h e t   l a t c h   w h i c h   c o o p e r a t e s   w i t h   t h e   r a t c h e t  

t e e t h   82.  A  c o i l   s p r i n g  9 4   i s   a t t a c h e d   a t   i t s   o p p o s i t e   e n d s  

to   t h e   member   83  and  to  t h e   a d j a c e n t   end  of  t h e   b l o c k   8 4  

t h u s   b i a s s i n g   t h e   b l o c k   t o w a r d s   t he   member   83.  An  SME  c o i l  

s p r i n g   95  i s   f i t t e d  o n   to   t he   m e m b e r  8 0   a n d  a b u t s   a g a i n s t  

t h e   member   83  and  t h e   a d j a c e n t   end  of  t h e   b l o c k   84  b u t   i s  

n o t   a t t a c h e d   to   e i t h e r   of   t h e m .  

In  u s e ,   an  edge   p o r t i o n   of  a  p i e c e   of  l e a t h e r   i s  

g r i p p e d   b e t w e e n   t h e   s e t s   of  t e e t h   8 8 ,  8 9   and  t h e   h o o k e d  

p o r t i o n   81  i s   a t t a c h e d   to  t h e  f r a m e   on  w h i c h   t h e   l e a t h e r   i s  

p o s i t i o n e d .   At  t h e   t r a n s i t i o n   t e m p e r a t u r e   of  t h e  S M E   s p r i n g  
t h e   s p r i n g   r a p i d l y   e x p a n d s ,   f o r c i n g   t he   b l o c k   84  t o   r o l l  



a l o n g   t he   member   80.  At  i t s   maximum  e x t e n s i o n   the   p o r t i o n  

93  of   t he   l o o p   e n g a g e s   w i t h   one  of  t he   t e e t h   of  the   r a t c h e t .  

Any  f o r c e s   a p p l i e d   to  t he   b l o c k   84  due  to  s h r i n k a g e   of  t h e  

l e a t h e r   a re   t a k e n   by  t he   r a t c h e t   of  t h e s e   f o r c e s   a re   n o t  

a p p l i e d   to  t h e   SME  s p r i n g .   When  the   SME  s p r i n g   c o o l s   i t  

c o n t r a c t s   l e a v i n g   the   b l o c k   h e l d   in  p o s i t i o n   by  the   r a t c h e t .  

To  r e l e a s e   t h e   l e a t h e r   from  the   g r i p p e r   t e e t h ,   t he   b l o c k   i s  

t i p p e d   s l i g h t l y   to  r e l e a s e   t he   l o o p   93  f rom  the   r a t c h e t   a n d  

t h e   s p r i n g   94  p u l l s   t he   b l o c k   t o w a r d s   t he   member  83,  t h u s  

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

jaws  can  t h e n   be  r e a d i l y   o p e n e d .   The  r a t c h e t   m e c h a n i s m   c a n  

be  made  i n o p e r a t i v e   i f   d e s i r e d   by  p i v o t t i n g   the   l oop   92  s o  

t h a t   i t   does   not   e n g a g e   w i t h   t he   r a t c h e t   t e e t h   8 2 .  

By  t h e   use  of  SME  e l e m e n t s ,   s t r e t c h i n g   f o r c e s   a r e  

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

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

d u r i n g   the   h e a t   t r e a t m e n t   and  r e s u l t s   in  a  p i e c e   of  l e a t h e r  

h a v i n g   a  l a r g e r   u s a b l e   s u r f a c e   a r e a   t h a n   would  be  the   c a s e  

i f   t he   l e a t h e r   was  a l l o w e d   to  s h r i n k   n a t u r a l l y   d u r i n g   t h e  

h e a t   t r e a t m e n t .   F u r t h e r m o r e ,   in  some  e m b o d i m e n t s   of  t h e  

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

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

A  t y p i c a l   h e a t   t r e a t m e n t   c y c l e   c o n s i s t s   of  q u i c k l y  

r a i s i n g   the   t e m p e r a t u r e   from  a m b i e n t   to  i t s   maximum  v a l u e  

m a i n t a i n i n g   t he   t e m p e r a t u r e   at   i t s   maximum  v a l u e   fo r   a b o u t  

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

a m b i e n t .  

S .M.E .   e l e m e n t s   s u i t a b l e   f o r   use  in  the   a p p a r a t u s  

of  t h i s   a p p l i c a t i o n   a re   o b t a i n a b l e   f rom  D e l t a   M e t a l   C o m p a n y  

L i m i t e d ,   London   E n g l a n d .  



1.  A  m e t h o d   of   t r e a t i n g   l e a t h e r   in  wh ich   a  p i e c e   o f  

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

i t s   e d g e s   by  a  p l u r a l i t y   of   c l i p s   and  the   f r a m e   and  t h e  

l e a t h e r   a r e   s u b j e c t e d   to   h e a t   t r e a t m e n t   t o  d r y   t he   l e a t h e r ,  

c h a r a c t e r i s e d   in  t h a t   t h e   l e a t h e r   is  a t t a c h e d   to  t he   f r a m e  

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

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

and  d u r i n g   t he   h e a t   t r e a t m e n t ,   s h a p e   memory  e f f e c t   (SME) 

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

of   l e a t h e r .  

2.  A  m e t h o d   of  t r e a t i n g   l e a t h e r   as  c l a i m e d   in  c l a i m   1 

c h a r a c t e r i s e d   in  t h a t   t h e   l e a t h e r  i s   a t t a c h e d   to  a t   l e a s t  

two  s e p a r a t e   p a r t s   of   t h e   f r a m e   and  t h e   SME  e l e m e n t s   c a u s e  

t h e   p a r t s   to  move  away  f rom  e a c h  o t h e r   to  t h e r e b y   a p p l y   t h e  

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

3.  A  m e t h o d   of   t r e a t i n g   l e a t h e r   as  c l a i m e d   in  c l a i m   1 

c h a r a c t e r i s e d   in  t h a t   t h e   l e a t h e r   is  a t t a c h e d   to  the   f r a m e  

by  c l i p s   w h i c h   h a v e   a  f i r s t   p a r t   fo r   a t t a c h m e n t   to   t h e   f r a m e  

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

e l e m e n t s   c a u s e   r e l a t i v e   m o v e m e n t  b e t w e e n   t he   two  p a r t s   t o  

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

l e a t h e r .  

4.  A  m e t h o d   of   t r e a t i n g   l e a t h e r   as  c l a i m e d   in  c l a i m   3 

c h a r a c t e r i s e d   in  t h a t   t h e   SME  e l e m e n t s   a re   a s s o c i a t e d   o n e  

w i t h   e a c h   of   t h e   c l i p s .  

5.  A  m e t h o d   of   t r e a t i n g   l e a t h e r   as  c l a i m e d   in  c l a i m   4 

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

p a r t   of   e a c h   c l i p   i s   d i s p l a c e d   r e l a t i v e   to  t h e   f i r s t   p a r t   b y  

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



l e a t h e r .  

6.  A  c l i p   f o r   use  in  the   m e t h o d   of  t r e a t i n g   l e a t h e r   a s  
c l a i m e d   in  c l a i m   5,  s a i d   c l i p   c o m p r i s i n g   a  f i r s t   p a r t  

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

p a r t   h a v i n g   means   fo r   g r i p p i n g   t he   l e a t h e r   c h a r a c t e r i s e d   i n  

t h a t   t he   s e c o n d   p a r t   is  d i s p l a c e a b l e   r e l a t i v e   to  the   f i r s t  

p a r t   and  an  SME  e l e m e n t   s e r v e s   in  i t s   t r a n s i t i o n   r a n g e   o f  

t e m p e r a t u r e   to  d i s p l a c e   the  s e c o n d   p a r t   r e l a t i v e   to  t h e  

f i r s t   p a r t .  

7.  A  c l i p   as  c l a i m e d   in  c l a i m   6  c h a r a c t e r i s e d   in  t h a t  

t h e   s e c o n d   p a r t   is   s l i d e a b l e   on  t he   f i r s t   p a r t   and  the   SME 

e l e m e n t   is   in  t he   form  of  a  c o i l   s p r i n g   e n g a g i n g   a g a i n s t   a  

f i x e d   p o r t i o n   of  t he   f i r s t   p a r t   and  t he   s e c o n d   p a r t .  

8.  A  c l i p   as  c l a i m e d   in  c l a i m   7  c h a r a c t e r i s e d   in  t h a t  

t h e   f i r s t   p a r t   is   an  e l o n g a t e   member  and  the   f i x e d   p o r t i o n  

t h e r e o f   is   an  u p s t a n d i n g   end  p o r t i o n .  

9.  A  c l i p   as  c l a i m e d   in  c l a i m   7  c h a r a c t e r i s e d   in  t h a t  

a  non-SME  t e n s i o n   s p r i n g   b i a s s e s   t he   s e c o n d   p a r t   t o w a r d s   t h e  

f i x e d   p o r t i o n   of  the   f i r s t   p a r t .  

1 0 .  A   c l i p   as  c l a i m e d   in  c l a i m   7  c h a r a c t e r i s e d   in  t h a t  

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

i n c l u d e s   a  t u b e   s l i d a b l e   over   the   f i r s t   p a r t   and  the   SME 

e l e m e n t   is   in  t he   form  of  a  c o i l   s p r i n g   c o n t a i n e d   w i t h i n   t h e  

f i r s t   p a r t   and  a c t i n g   b e t w e e n   a  c l o s e d   end  of  t he   f i r s t   p a r t  

and  t he   s e c o n d   p a r t .  

11.  A  c l i p   as  c l a i m e d   in  c l a i m   6,  7,  8  or  9 

c h a r a c t e r i s e d   in  t h a t   t h e r e   is   a  r a t c h e t   m e c h a n i s m   b e t w e e n  

t he   two  p a r t s ,   s a i d   m e c h a n i s m   p e r m i t t i n g   the   s e c o n d   p a r t   t o  

be  d i s p l a c e d   r e l a t i v e   to  the   f i r s t   p a r t   by  the   a c t i o n   of  t h e  

SME  e l e m e n t   in  i t s   t r a n s i t i o n   r a n g e   of  t e m p e r a t u r e   but   n o t  

p e r m i t t i n g   r e l a t i v e   movement   in  t he   o p p o s i t e   d i r e c t i o n .  
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