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©  Suction  tube  heat  exchanger  and  method  of  manufacture. 
The  invention  concerns  a  suction  type  heat  exchanger 

for  locating  in  cooling  circuits,  comprising  a  suction  tube  (1) 
and  a  capillary  tube  (2).  The  suction  tube  is  provided  with 
one  or  more  integrated  grooves  (3)  shaped  complementary 
to  and  dimensioned  for  insertion  of  the  capillary  tube.  The 
method  for  manufacturing  the  suction  heat  exchangers  is 
based  on  exposure  to  the  plastic  deformation  of  both  tubes 
after  insertion  of  the  capillary  tube  (2)  into  the  groove  (3)  in 
the  suction  tube. 



The  p r e s e n t   i v e n t i o n   c o n c e r n s   a  h e a t   e x c h a n g e r   of  t h e  

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

c i r c u i t   of  a  r e f r i g e r a t o r / f r e e z e r   in  t h e   c o m p r e s s o r ' s   s u c t i o n  

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

e x c h a n g e r s .  

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

tems   in  c o n j u n c t i o n   w i t h   a  c o m p r e s s o r ,   c o m p r i s e   a  c a p i l l a r y  

t u b e   c o n n e c t e d   to  the   s y s t e m ' s   s u c t i o n   l i n e .   The  p u r p o s e   o f  

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

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

c o m p r e s s o r   t h r o u g h   t h e   s u c t i o n   t u b e .   In  t h i s   way,   t h e   e f f i c i -  

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

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

p r e s s o r .  

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

s t a i n l e s s   s t e e l   a r e   p r e s e n t l y   u s e d   in  r e f r i g e r a t o r s / f r e e z e r s .  

The  c l a s s i c a l   h e a t   e x c h a n g e r   d e s i g n   i s   b a s e d   on  the   i n s e r t i o n  

of  t he   c a p i l l a r y   t u b e   i n t o   t he   s u c t i o n   l i n e ,   p r o v i d i n g   d i r e c t  

c o n t a c t   b e t w e e n   t h e   medium  f l o w i n g   in  t he   s u c t i o n   l i n e   a n d  

the   s u r f a c e   of   t h e   c a p i l l a r y   t u b e .   T h i s   d e s i g n   i s   c h a r a c t e r -  

i z e d   by  two  p r i n c i p a l   d i s a d v a n t a g e s .   For  o n e ,   a  s o l d e r i n g  

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

c a p i l l a r y   t u b e   t h r o u g h   the   w a l l   of   t he   s u c t i o n   t u b e .   T h i s  

i n c r e a s e s   t h e   c o s t   of   t he   a s s e m b l y   work   and  i m p o s e s   a  l i m i t a -  

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

i s   p r i m a r i l y   u s e d .  



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

l a r y   t u b e ,   f o r c i n g   one  to  o v e r d i m e n s i o n ,   i . e .   by  i n c r e a s i n g  

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

h e a t   e x c h a n g e .  

F u r t h e r m o r e ,   i t   i s   known  to  a p p l y   h e a t   e x c h a n g e r s   whe re   t h e  

c a p i l l a r y   t u b e   i s   e i t h e r   wound  a r o u n d   t h e   s u c t i o n   l i n e   e x -  

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

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

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

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

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

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

of   c o p p e r ,   t he   h e a t   e x c h a n g e   i s   n o t   o p t i m a l   due  to  t h e   c o n -  

t a c t   s u r f a c e   b e t w e e n   t h e   t u b e s   b e i n g   l i m i t e d   t o   30-35%  a t  

m o s t   of   t h e   c a p i l l a r y   t u b e ' s   s u r f a c e .  

The  o b j e c t   o f   t h e   p r e s e n t   i n v e n t i o n   i s   t h e r e f o r e   to  p r o v i d e  

a  h e a t   e x c h a n g e r   t h a t   i s   c h e a p e r   to  m a n u f a c t u r e ,   y e t   q u a l i t a -  

t i v e l y   on  a  p a r   w i t h   t h e   h e a t   e x c h a n g e r s   o f   t h i s   t y p e   h i t h e r -  

to   known  and  u s e d .  

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

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

a  s i m p l e ,   e f f e c t i v e ,   and  m e c h a n i c a l l y / t h e r m a l l y   r e l i a b l e  

j o i n t   b e t w e e n   t he   t u b e s   in  t h e   h e a t   e x c h a n g e r .   T h i s   i s  

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

s t a t e d   in  t h e   c h a r a c t e r i z i n g   p a r t s   o f   t h e   p a t e n t   c l a i m s   1  a n d  

4  of  t h e   p r e s e n t   a p p l i c a t i o n .  

In  c o n f o r m i t y   w i t h   an  a d v a n t a g e o u s   d e s i g n   of   t h e   h e a t   e x -  

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

an  o v a l   c r o s s - s e c t i o n ,   w h i c h   i s   t r a n s f o r m e d   to   an  e s s e n t i a l l y  
c i r c u l a r   c r o s s - s e c t i o n   in  t he   j o i n i n g   p r o c e s s   of   p l a s t i c   d e -  

f o r m a t i o n .  



The  i n v e n t i o n   w i l l   be  d e s c r i b e d   more  e x p l i c i t l y   h e r e   w i t h  

r e f e r e n c e s   to   the  e n c l o s e d   d r a w i n g s ,   F i g s .   1 - 7 ,   w h e r e :  

F i g .   1  shows  a  s c h e m a t i c   o u t l i n e   of  a  c o m p r e s s o r  

c o o l i n g   s y s t e m   f o r   a  r e f r i g e r a t o r / f r e e z e r .  

F i g .   2  shows  t h e   h e a t   e x c h a n g e r   a c c o r d i n g   to   t h e  

i n v e n t i o n .  

F i g .   3  shows  the   h e a t   e x c h a n g e r   in  v e r t i c a l   c r o s s -  

s e c t i o n   a l o n g   t h e   l i n e   A-A  in  F i g .   2 .  

F i g .   4  shows  the   s u c t i o n   l i n e   and  c a p i l l a r y   t u b e   a s  

i n d i v i d u a l   c o m p o n e n t s   in  v e r t i c a l   c r o s s - s e c t i o n  

p r i o r   to   t h e   j o i n i n g   o p e r a t i o n .  

F i g .   5  shows  a n o t h e r   d e s i g n   of  t he   h e a t   e x c h a n g e r  

a c c o r d i n g   to   t he   i n v e n t i o n ,   a n d  

F i g s .   6  and   7  show  in  v e r t i c a l   c r o s s - s e c t i o n   two  a l t e r n a t i v e  

d e s i g n s   of  t h e   s u c t i o n   t u b i n g .  

F i g .   1  s h o w s   a  s c h e m a t i c   o u t l i n e   of  a  c o m p r e s s o r   c o o l i n g   s y s -  

tem  c o m p r i s i n g   a  c o n d e n s o r   ( 1 0 ) ,   an  e v a p o r a t o r   (15)   and  a  

c o m p r e s s o r   (5)  w i t h   a  c a p i l l a r y   t u b e   (2)  c o n n e c t i n g   the   c o n -  

d e n s o r   w i t h   the   e v a p o r a t o r .   A  s u c t i o n   a c c u m u l a t o r   (4)  i s   a l s o  

d i s p l a y e d   in  the   f i g u r e ,   w i t h   t h e   s u c t i o n   l i n e   (1)  i n c o r -  

p o r a t e d   in  the   h e a t   e x c h a n g e r   (8)  in  f r o n t   of  t he   c o m p r e s s o r  

c o n n e c t i o n .  

In  F i g .   2,  a  h e a t   e x c h a n g e r   (8)  i s   shown  in  more  d e t a i l s ,  

c o m p r i s i n g   a  s u c t i o n   l i n e   (1)  and  a  c a p i l l a r y   t u b e   (2)  i n -  

s e r t e d   and  f a s t e n e d   in  t h e   g r o o v e   (3)  in  the   s u c t i o n   t u b e .  

Two  s t a n d a r d   t u b e   f i t t i n g s   (9)  c o n n e c t   t he   e n d s   of  t he   s u c -  

t i o n   t u b e   t o  t h e   c o o l i n g   c i r c u i t .   (On ly   one  of  t he   f i t t i n g s  

i s   shown  in  t he   f i g u r e . )  



F i g ,   3,  w h i c h   shows  a  v e r t i c a l   c r o s s - s e c t i o n   of  t he   h e a t  

e x c h a n g e r   a t   l i n e   A-A  on  F i g .   2,  i l l u s t r a t e s   t he   s u p e r i o r  

j o i n t   b e t w e e n   the   s u c t i o n   t u b e   (1)  and  t h e   c a p i l l a r y  

t u b e   ( 2 ) ,   whe re   up  to   80%  of  t he   s u r f a c e   of  t he   c a p i l l a r y  

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

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

p r o t r u d i n g   g r o o v e   ( 3 ) .  

The  p r o c e s s   fo r   j o i n i n g   t h e   t u b i n g / f a b r i c a t i n g   the   h e a t   e x -  

c h a n g e r   i t s e l f   i s   b e s t   i l l u s t r a t e d   in  F i g .   4,  w h i c h   s h o w s  

b o t h   t u b e s   in  a  v e r t i c a l   c r o s s - s e c t i o n   p r i o r   to   t he   j o i n i n g  

o p e r a t i o n .  

The  s u c t i o n   l i n e   (1)  is   i l l u s t r a t e d   in  t he   p r e f e r r e d   e m b o d i -  

m e n t   w i t h   an  o v a l   ( e l l i p t i c a l )   c r o s s - s e c t i o n   and  an  i n w a r d l y  

p r o j e c t i n g   g r o o v e   (3)  f o r m i n g   a  r e c e s s   in  t h e   t u b e ' s   c i r c u m -  

f e r e n c e .   The  c r o s s - s e c t i o n   o f   t he   g r o o v e   and  t h e   d i a m e t e r   o f  

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

t h e   t u b e   i n t o   the   g r o o v e .   The  s u b s e q u e n t   p l a s t i c   d e f o r m a t i o n  

of  t he   s u c t i o n   l i n e ,   w h i c h   i s   t r a n s f o r m e d   to  an  e s s e n t i a l l y  

c i r c u l a r   c r o s s - s e c t i o n ,   r e s u l t s   in  t h e   w a l l s   ( 3 2 )   of   t h e  

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

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

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

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

s u p e r i o r   h e a t   t r a n s f e r   b e t w e e n   the   two  m e d i u m s  -   warm  f l u i d  

in  t h e   c a p i l l a r y   t u b e   and  c o o l a n t   in  t he   s u c t i o n   l i n e .  

A n o t h e r   a d v a n t a g e o u s   h e a t   e x c h a n g e r   e m b o d i m e n t   (8)  a c c o r d i n g  

to   t h e   p r e s e n t   i n v e n t i o n   i s   shown  in  F i g .   5.  The  i n t e g r a t e d  

g r o o v e   (3)  in  the   s u c t i o n   l i n e   (1)  is   f o r m e d   as  a  p r o j e c t i o n  

p r o t r u d i n g   o u t   f rom  t h e   s u r f a c e   of  t he   t u b e .  

As  e v i d e n c e d . b y   F i g .   b,  s h o w i n g   a  v e r t i c a l   c r o s s - s e c t i o n   o f  

t h e   s u c t i o n   t ube   (1)  and  t h e   c a p i l l a r y   t u b e   (2)   p r i o r   t o  

j o i n i n g ,   t h e   s u c t i o n   t u b e   has   an  e s s e n t i a l l y   c i r c u l a r  



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

c e s s   of  j o i n i n g   t h e   t u b e s   is   l i m i t e d   in  t h i s   c a s e   to   t h e   d e -  

f o r m a t i o n   of   t h e   w a l l s   of  t h e   g r o o v e   ( 3 2 ) ,   w h i c h   e n c o m p a s s  
t h e   c a p i l l a r y   t u b e   a f t e r   j o i n i n g ,   r e s u l t i n g   in  a  s o l i d ,   r e l i -  

a b l e   m e c h a n i c a l   and  h e a t   e x c h a n g i n g   c o n t a c t   b e t w e e n   t h e   t u b e s .  

F i g .  7   s h o w s   s t i l l   a n o t h e r   e m b o d i m e n t   of  t he   s u c t i o n   t u b e   ( 1 )  

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

p r o t r u d i n g   g r o o v e   ( 3 ) .   F r e e   s u r f a c e   of  the   c a p i l l a r y   t u b e  

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

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

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

i s t i c .  

The  a b o v e   d e s c r i b e d   j o i n i n g   o p e r a t i o n   ( n o t   shown  in  t h e  

f i g u r e s )   may  be  p e r f o r m e d   e m p l o y i n g   a l l   f a m i l i a r ,   r e l e v a n t  

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

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

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

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

in  t h e   f i g u r e s .   D i f f e r e n t   r e q u i r e m e n t s   as  to  h e a t   e x c h a n g i n g  

c a p a c i t y ,   c o m p a c t   d e s i g n   of   t he   c o o l i n g   s y s t e m ,   e t c . ,   m a y  

c a l l   f o r   t h e   i n c o r p o r a t i o n   of  more  t h a n   one  c a p i l l a r y   t u b e  

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

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

f a b r i c a t i o n   of   h e a t   e x c h a n g e r s   a c c o r d i n g   to  t h e   i n v e n t i o n  

r a i s e   any  l i m i t s   on  t he   c h o i c e   of  m a t e r i a l s .   As  k n o w n ,  

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

a d v a n t a g e s   in  the   fo rm  of  w e i g h t   r e d u c t i o n   and  l e s s   p r o b l e m s  

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

c u i t .  



1.  S u c t i o n   l i n e   h e a t   e x c h a n g e r   f o r   l o c a t i n g   in  c o o l i n g  

c i r c u i t s ,   c o m p r i s i n g   a  s u c t i o n   t u b e   (1)  and  a  c a p i l -  

l a r y   t u b e   ( 2 ) ,  

c h a r a c t e r i z e d   i n  t h a t  

t he   s u c t i o n   t u b e   (1)  i s   f o r m e d   as  a  m e t a l   t u b e   p r o -  

v i d e d   w i t h   one  or  more  i n t e g r a t e d ,   h a l f - c l o s e d  

g r o o v e s   (3)   r u n n i n g   l o n g i t u d i n a l l y ,   p r o v i d i n g   f a s t e n -  

ing  means   f o r   the   c a p i l l a r y   t u b e   ( 2 ) ,   and  whe re   t h e  

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

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

t u b e   ( 2 ) .  

2.  S u c t i o n   l i n e   h e a t   e x c h a n g e r   a c c o r d i n g   to   c l a i m   1 ,  

c h a r a c t e r i z e d   i n  t h a t  

t h e   s u c t i o n   t u b e   (1)  i s   f o r m e d   w i t h   an  o v a l   c r o s s -  

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

r u n n i n g   g r o o v e   (3)  i s   p r o j e c t i n g   i n w a r d s   i n t o   t h e  

s u c t i o n   t u b e   as   a  r e c e s s   in  t h e   t u b e ' s   c i r c u m f e r e n c e .  

3.  S u c t i o n   l i n e   h e a t   e x c h a n g e r   a c c o r d i n g   to  c l a i m   1 ,  

c h a r a c t e r i z e d   i n  t h a t  

t h e   s u c t i o n   t u b e   (1)  i s   f o r m e d   w i t h   an  e s s e n t i a l l y  

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

g r o o v e   (3)  i s   p r o j e c t i n g   o u t w a r d s   f rom  t he   c i r c u m -  

f e r e n c e   of   t h e   t u b e .  

4.  S u c t i o n   l i n e   h e a t   e x c h a n g e r   a c c o r d i n g   to  c l a i m   1 ,  

c h a r a c t e r i z e d   i n  t h a t  

the   s u c t i o n   t u b e   (1)  is   f o r m e d   w i t h   an  e s s e n t i a l l y  

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

g r o o v e   (3)  i s   p r o j e c t i n g   i n w a r d s   f rom  t he   t u b e   w a l l .  



5.  S u c t i o n   l i n e   h e a t   e x c h a n g e r   a c c o r d i n g   to   one  or  m o r e  

of   the   p r e c e d i n g   c l a i m s ,  

c h a r a c t e r i z e d   i n  t h a t  

t h e   s u c t i o n   t u b e   (1)  and  t he   c a p i l l a r y   t u b e   (2)  a r e  

e x t r u d e d   a l u m i n i u m   t u b i n g .  

6.  M e t h o d   f o r   f a b r i c a t i o n   of   t he   s u c t i o n   t u b e   h e a t   e x -  

c h a n g e r   a c c o r d i n g   to   one  or   more   of   t h e   p r e c e d i n g  

c l a i m s ,   w h e r e   t h e   c a p i l l a r y   t u b e   (2)  i s   i n s e r t e d   i n t o  

t h e   c o m p l e m e n t a r i l y   f o r m e d   g r o o v e s   (3)   in  t h e   s u c t i o n  

t u b e   ( 1 ) ,   and  t he   a s s e m b l e d   t u b i n g   ( 1 , 2 )   i s   s u b s e -  

q u e n t l y   s u b j e c t e d   to   p l a s t i c   d e f o r m a t i o n ,  

c h a r a c t e r i z e d   i n  t h a t  

t h e   w a l l s   ( 3 2 )   of   t h e   g r o o v e   (3)   a r e   u n i f o r m l y   d e -  

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

t u b e   a l o n g   t h e   e n t i r e   l e n g t h   of  t h e   j o i n i n g   a r e a  

b e t w e e n   t h e   c a p i l l a r y   t u b e   (2)  and  t h e   s u c t i o n  

t u b e   ( 1 ) .  

7.  M e t h o d   a c c o r d i n g   to  c l a i m   6 ,  

c h a r a c t e r i z e d   i n  t h a t  

t h e   o v a l   c r o s s - s e c t i o n   of  t he   s u c t i o n   t u b e   (1)  i s  

a l s o   a c q u i r i n g   an  e s s e n t i a l l y   c i r c u l a r   c r o s s - s e c t i o n  

a l o n g   t h e   j o i n i n g   a r e a   b e t w e e n   t he   t u b e s   ( 1 , 2 )   d u r i n g  

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

8.  M e t h o d   a c c o r d i n g   to  c l a i m   6 ,  

c h a r a c t e r i z e d   i n  t h a t  

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

t h e   g r o o v e   ( 3 2 ) .  

9.  Method   a c c o r d i n g   to  c l a i m   6,  7  or   8 ,  

c h a r a c t e r i z e d   i n  t h a t  

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

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

r o l l i n g   o p e r a t i o n .  
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