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©  Rotary  cutter  assembly. 
The  application  discloses  a  method  and  an  apparatus  for 

perforating  thermoplastic  tube  (10),  especially  corrugated 
tube.  The  cutter  includes  one  or  more  spindles  (12)  that  carry 
punch-type  cutters  (14)  and  are  revolved  around  the  tube  (10) 
so  that  the  punches  (14)  follow  epicycloids  (E)  with  cusps  (P) 
at  the  surface  of  the  tube.  The  punches  (14)  thus  penetrate 
the  tube  without  tangential  movement.  The  spindles  are 
equipped  with  ribs  (34)  to  engage  the  corrugations  (11)  of the 
tube  (10)  to  advance  the  tube  through  the  apparatus. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  t he   p e r f o r a t i n g   o f  

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

t u b e s   at   s p a c e d   p o i n t s .   The  p e r f o r a t e d   t u b e s   may  be  u s e d  

in  u n d e r g r o u n d   d r a i n a g e   a p p l i c a t i o n s .   They  may  be  f o r m e d  

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

A c c o r d i n g   to   one  a s p e c t ,   the   p r e s . e n t   i n v e n t i o n   i s  

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

the   t u b e   a l o n g   a  f e e d   p a t h   and  p e r f o r a t i n g   the   t u b e   a t  

s p a c e d   p o i n t s   w i t h   a  p u n c h .  

P u n c h i n g   m e t h o d s   of  t he   t y p e   in  q u e s t i o n   p e r m i t  

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

and  s i z e s .   H o w e v e r ,   t h e   known  p u n c h i n g   m e t h o d s ,   f o r   e x a m p l e  

t h o s e   d i s c l o s e d   in  DE-OS  1778094   and  1 7 7 9 5 7 9   c a n n o t   w o r k  

a t - h i g h   p r o d u c t i o n   s p e e d s .   This   c o n t r a s t s   w i t h   m e t h o d s   i n  

wh ich   c i r c u m f e r e n t i a l   s l o t s   are   cu t   in  t h e   t u b e ,   as  w i t h  

r o t a r y   c u t t e r s .   R e f e r e n c e   may  be  made ,   f o r   e x a m p l e   t o  

U S - P S 3 8 2 4 8 8 6 ,   3 9 5 7 3 8 6   and  4 1 8 0 3 5 7   f o r   m e t h o d s   of  t h i s   t y p e .  

S l o t ' c u t t i n g   m e t h o d s   can  be  c a r r i e d   o u t   a t   h i g h   s p e e d ,   b u t  

c a n n o t   p r o d u c e   h o l e s   of  v a r y i n g   s h a p e s .   Hole  s i z e   c o n t r o l  

can  a l s o   be  a  p r o b l e m   when  p i p e   d i m e n s i o n s   a re   no t   p e r f e c t l y  

u n i f o r m .  

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

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

t he   s t e p s   of  a d v a n c i n g   the   t u b e   a l o n g   a  f e e d   p a t h   and  r e -  

v o l v i n g   a  punch   a b o u t   t he   t ube   in  an  e p i c y c l o i d a l   p a t h   s u c h  

t h a t   t he   punch   p e r f o r a t e s   t he   t u b e   a t   c u s p s   of  t he   e p i c y c l o i d a l  

p a t h .  

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

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

t he   above   m e t h o d .  

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

t h e r e   is   p r o v i d e d   in  an  a p p a r a t u s   f o r   p e r f o r a t i n g   a  t u b e ,  

a  punch  and  means   f o r   r e v o l v i n g   the   p u n c h   a b o u t   t h e   t u b e  

in  an  e p i c y c l o i d a l   p a t h   such   t h a t   t he   punch   p e r f o r a t e s   t h e  

t u b e   at  c u s p s   of  t he   e p i c y c l o i d a l   p a t h .  



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

f i g u r e   1  i s   a  s c h e m a t i c   i l l u s t r a t i o n   s h o w i n g   t h e  

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

p a t h   of  t he   p u n c h   w i t h   r e s p e c t   to  a  t u b e   to  be  p e r f o r a t e d ;  

F i g u r e   2  is  a  s e c t i o n a l   s i d e   e l e v a t i o n ,   t a k e n   on  

l i n e   2-2   in  F i g u r e   3  o f   an  a p p a r a t u s   f o r   p e r f o r a t i n g  

c o r r u g a t e d   t u b i n g ;  

F i g u r e   3  i s   a  s e c t i o n   on  l i n e   3-3  in  F i g u r e   2 ;  

F i g u r e s   4  and  5,  l o c a t e d   on  the   same  s h e e t   on  F i g u r e   1 ,  

a r e   of  f r o n t   and  s i d e   v i e w s ,   p a r t l y   in  s e c t i o n ,   of  a  p u n c h  

f o r   use   in  t h e   a p p a r a t u s   of  F i g u r e s   1  and  2 ;  

F i g u r e   6,  l o c a t e d   on  t h e   same  s h e e t   as  F i g u r e   3,  i s  

a  p a r t l y   s e c t i o n a l   s c h e m a t i c   s h o w i n g   t he   punch   as  i t   p e r -  

f o r a t e s   t h e   w a l l   of   a  t u b e ;   a n d  
-   F i g u r e   7,  l o c a t e d   on  t h e   same  s h e e t   as  F i g u r e   2 ,  

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

f o r a t e d .  

R e f e r r i n g   to  t h e   d r a w i n g s ,   F i g u r e   1  i l l u s t r a t e s   a  

c r o s s   s e c t i o n   of   a  t u b e   10  w i t h   a  c e n t r a l   a x i s   0.  T h e  

t u b e   10  is   c o r r u g a t e d ,   h a v i n g   a  w a l l   t h i c k n e s s   T  in  t h e  

t r o u g h s   b e t w e e n   t h e   p e a k s   11.  The  e x t e r n a l   r a d i u s   of  t h e  

t u b e   a t   t he   t r o u g h s   i s   A. 

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

h o l d e r   in  t h e   f o r m   of   a  c y l i n d r i c a l   s p i n d l e   12  w i t h   a  

p o r t i o n   34  of   r a d i u s   B  t a n g e n t i a l   to  t h e   t u b e   10  a t   t h e  

b a s e   of  t h e   i l l u s t r a t e d   t r o u g h .   A  p u n c h   14  is  m o u n t e d   o n  

t he   p o r t i o n   34  and  p r o j e c t s   r a d i a l l y   a  d i s t a n c e   s l i g h t l y  

g r e a t e r   t h a n   t h e   t u b e   w a l l   t h i c k n e s s   T.  The  s p i n d l e   1 2  

r o t a t e s   a b o u t   i t s   a x i s   X  c a u s i n g   the   p u n c h   14  to  r o t a t e  

a b o u t   t h e   a x i s   X.  The  s p i n d l e   is   in  t u r n   c a u s e d   to  r e v o l v e  

in  a  c i r c u l a r   p a t h   a b o u t   t he   c e n t r a l   a x i s   0  of  t h e   t u b e .  

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

a x i s   X  to  t h e   a n g u l a r   v e l o c i t y   of  a x i s   X  a b o u t   a x i s   0  i s  

A:B.  T h i s   m e a n s   t h a t   t h e   p o r t i o n   34  of  t he   s p i n d l e   12  

r o l l s   a b o u t   t h e   t u b e   10  on  a  c i r c l e   of  r a d i u s   A  and  t h e  

punch   is  c a u s e d   to   f o l l o w   an  e p i c y c l o i d a l   p a t h   E  h a v i n g   a 

cusp   w h i c h   e n g a g e s   t h e   s u r f a c e   of  t h e   t u b e   a t   p o i n t   P .  



At  the   p o i n t   P,  the   punch   14  p e r f o r a t e s   t he   w a l l   of  t h e  

t u b e   10  to  fo rm  an  a p e r t u r e   w i t h o u t   e x e r t i n g   a  t a n g e n t i a l  

f o r c e   on  t h e   t u b e .  

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

F i g u r e   1,  t h e   r a d i i   A  and  B  a r e   e q u a l   so  t h a t   t h e   a n g u l a r  

v e l o c i t i e s   of  t he   t o o l   14  a b o u t   a x i s   X  and  of  a x i s   X 

a b o u t   a x i s   0  a re   e q u a l .   The  e p i c y c l o i d a l   p a t h   E  is  a 

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

r a d i i   A  and  B  may  no t   be  e q u a l .   They  a r e   p r e f e r a b l y   i n  

a  s i m p l e   w h o l e   number   r a t i o   e . g .   1 : 2 ,  2 : 1   or  3 : 1 .   I n  

any  e v e n t ,   e v e n   i f   t he   r a d i i   A  and  B  a r e   no t   in  a  s i m p l e  

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

r a t i o   A:B  to  p r o d u c e   t he   d e s i r e d   e p i c y c l o i d a l   p a t h .  

-   
In  F i g u r e   1,  a  s i n g l e   c u t t e r   is  shown  f o r   s i m p l i c i t y  

of  i l l u s t r a t i o n .   In  t he   a p p a r a t u s   i l l u s t r a t e d   in  F i g u r e s  

2  and  3,  t h r e e   c u t t e r s   a r e   d i s p o s e d   s y m e t r i c a l l y   a b o u t  

t he   t u b e .   In  a l t e r n a t i v e   e m b o d i m e n t s ,   o t h e r   n u m b e r s   o f  

c u t t e r s   may  be  e m p l o y e d .  

R e f e r r i n g   more  s p e c i f i c a l l y   to  F i g u r e  2   and  3,  t h e  

a p p a r a t u s   i l l u s t r a t e d   i n c l u d e s   a  h o u s i n g   15  w i t h   end  w a l l s  

16  and  17.  End  w a l l   17  has  a  c e n t r a l   c i r c u l a r   o p e n i n g  

19  f o r   r e c e i v i n g   a  p i p e   to  be  p e r f o r a t e d .   The  end  w a l l  

16  has  a  l a r g e r   c i r c u l a r   o p e n i n g   t h a t   is  a l i g n e d   w i t h   t h e  

o p e n i n g   19  and  has  a  c o u n t e r b o r e   on  t h e   o u t s i d e .   A  b a l l  

b e a r i n g   22  is  f i t t e d   i n t o   t h e   c o u n t e r b o r e   a n d  i s   r e t a i n e d  

in  p o s i t i o n   by  an  end  c o v e r   22a .   The  b e a r i n g   22  c a r r i e s  

t h e   c y l i n d r i c a l   s l e e v e   of  an  a d a p t o r   20.  The  a d a p t o r   20 

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

s h e a v e   29  by  cap  s c r e w s   29a .   The  a d a p t o r   20  and  s h e a v e  

29  have   a  t h r o u g h   b o r e   18  t h a t   is  t he   same  s i z e   as  t h e  

o p e n i n g   19  in  end  w a l l   17  and  a l i g n s   w i t h   t h a t   o p e n i n g  

so  t h a t   a  t u b e   10  may  p a s s   i n t o   and  ou t   of  t h e   a p p a r a t u s  

t h r o u g h   t h e   o p e n i n g s   18  and  1 9 .  

A  s t a t i o n a r y   r i n g   g e a r   21  is  s e c u r e d   to  t h e   i n s i d e  

f a c e   of  w a l l   17  by  b o l t s   21a .   The  g e a r   is  a l i g n e d   w i t h  

the   o p e n i n g   19  so  t h a t   t h e   t u b e   10  can  p a s s   t h r o u g h   t h e  

g e a r .   The  hub  of  the   g e a r   21  c a r r i e s   a  b a l l   b e a r i n g   2 3 ,  



w h i c h   in  t u r n   s u p p o r t s   a  g e a r   h o u s i n g   25.  The  h o u s i n g  

is  s e a l e d   to  t h e   g e a r   21  by  s e a l s   25a  and  2 5 b .  

The  g e a r   h o u s i n g   25  c a r r i e s   t h r e e   s h a f t s   26a  p a r a l l e l  

to  t h e   g e a r   21.  A  p i n i o n   26  i s   k e y e d   to  e a c h   of  t h e  

s h a f t s   26a  and  m e s h e s   w i t h   t h e   t e e t h   24  of  t he   r i n g   g e a r  

21.  Each  s h a f t   26a  a l s o   c a r r i e s   a  g e a r   2 6 b . T h r e e   i d l e r  

g e a r s   28  c a r r i e d   by  t h e   h o u s i n g   25  mesh  w i t h   the   g e a r s  

2 6 b .  

T h r e e   d r i v e   b a r s   30  ( o n e   s h o w n )   e x t e n d   b e t w e e n   t h e  

g e a r   h o u s i n g   25  and  t h e   s h e a v e   29 .   The  b a r s   a r e   s e c u r e d  

to  b o t h   t h e   h o u s i n g   and  t h e   s h e a v e   so  t h a t   t h e s e   p a r t s  

r o t a t e   as  a  u n i t .  

A l so   e x t e n d i n g   b e t w e e n   t h e   g e a r   h o u s i n g   25  and  t h e  

s h e a v e   29  a r e   t h r e e   s p i n d l e s   33 .   At  one  end  e a c h  

s p i n d l e   s h a f t   e x t e n d s   i n t o   t h e   g e a r   h o u s i n g   25  and  i s  

k e y e d   to  a  g e a r   27  m e s h i n g   w i t h   a  r e s p e c t i v e   one  of  t h e  

i d l e r s   a t   28.   The  o t h e r   end   of  t h e   s p i n d l e   s h a f t   i s  

m o u n t e d   on  t h e   s h e a v e   29  by  b a l l   b e a r i n g   3 3 A .  

B e t w e e n   the   g e a r   h o u s i n g   25  and  s h e a v e   29  each  o f  

t h e   s p i n d l e s   33  has  an  e n l a r g e d   c y l i n d r i c a l   s e c t i o n   3 4  

t h a t   s e r v e s   as  a  t o o l   h o l d e r .   T h i s   s e c t i o n   34  c a r r i e s  

a  h e l i c a l   r i b   35  on  i t s   o u t e r   s u r f a c e   and  a  punch  a t   t h e  

l o c a t i o n   i n d i c a t e d   by  t h e  c i r c l e   Y.  The  punch  w i l l   b e  

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

5 .  

A  d r i v e   s h a f t   32  e x t e n d s   t h r o u g h   the   h o u s i n g   1 5 ,  

p a r a l l e l   to  t h e   t u b e   10.  I t   is   m o u n t e d   in  b e a r i n g s   3 2 a  

and  32b  in  t h e   end  w a l l s   16  and  17  r e s p e c t i v e l y .   T h e  

s h a f t   32  c a r r i e s   s h e a v e   40  a l i g n e d   w i t h   s h e a v e   29.   S h e a v e  

40  d r i v e s   s h e a v e   29  t h r o u g h   a  s e r i e s   of  V  b e l t s   3 1 .  

As  m e n t i o n e d   a b o v e ,   t h e   p u n c h   is  more  c l e a r l y   i l l u s t r a t e d  

in  F i g u r e s   4  and  5.  As  i l l u s t r a t e d   in  t h o s e   f i g u r e s ,   t h e  

body  34  of  t h e   s p i n d l e   33  has   a  s t e p p e d   b o r e   37a  a l i g n e d  

w i t h   t h e   r i b   35.  A  c y l i n d r i c a l   body  37  of  t he   punch   f i t s  

i n t o   t h e   b o r e   37a  and  is   h e l d   in   p l a c e   by  a  cap  s c r e w   3 8  

e x t e n d i n g   i n t o   t h e   b o r e   37a  f rom  t h e   o p p o s i t e   s i d e   a n d  

t h r e a d e d   i n t o   a  b o r e   in  t h e   i n n e r   end  of  body  37.  T h e  



punch  has  a  c u t t i n g   head   36  w i t h   V  s h a p e d   c u t t i n g   edge  f o r  

c u t t i n g   r e c t a n g u l a r   s l o t s   in  the   t u b e .   The  punch   is  s h o w n  

in  F i g u r e   6  e n g a g e d   w i t h   t h e   w a l l   of  the   t u b e   10  a n d  

p i e r c i n g   t he   t u b e   in  t he   d e s i r e d   m a n n e r .   F i g u r e   7  i l l u s t r a t e s  

an  h e l i c a l l y   c o r r u g a t e d   t u b e   10  w i t h   s l o t s   40  p r o d u c e d   by  t h e  

p u n c h .  

I n  o p e r a t i o n   of  t h e   a p p a r a t u s ,   t he   d r i v e   s h a f t   32  

is  d r i v e n   f rom  an  e x t e r n a l   p o w e r   s o u r c e   of  any  a p p r o p r i a t e  

s o r t .   Th i s   d r i v e s   t he   s h e a v e   40 ,   t he   b e l t s   31  and  s h e a v e  

29.   R o t a t i o n   of  s h e a v e   29  a c t s   t h r o u g h   d r i v e   b a r   30  t o  

r o t a t e   t he   g e a r   h o u s i n g   25.  A s  t h e   s h e a v e   29  and  g e a r  

h o u s i n g   25  r o t a t e ,   the   s p i n d l e s   33  a re   r e v o l v e d   a b o u t   t h e  

t u b e   10  e x t e n d i n g   t h r o u g h   t h e   h o u s i n g .   The  g e a r   t r a i n  

c o n s i s t i n g   of  s t a t i o n a r y   g e a r   21,   p i n i o n s   26  and  2 6 b ,   i d l e r s  

28  and  g e a r s   27  r o t a t e   t h e   s p i n d l e s   33  a b o u t   t h e i r   r e s p e c t -  
i v e  a x e s .   A p p r o p r i a t e   s e l e c t i o n   of  t he   g e a r   r a t i o s   i n s u r e s  

t h a t   t he   r i b s   35  of  t h e   s p i n d l e s   33  w i l l   r o l l   on  t he   s u r f a c e  

of  t h e   t u b e   10  w i t h o u t   s h i p p i n g ,   so  t h a t   t he   c u t t e r   w i l l  

p r o g r e s s   a r o u n d   the   t u b e   in  an  e p i c y c l o i d a l   p a t h .  

The  h e l i c a l   r i b s   35  on  the   s p i n d l e s   33  w i l l   e n g a g e  

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

t he   t u b e   t h r o u g h   t he   c u t t e r .   With  a  t u b e   h a v i n g   h e l i c a l  

c o r r u g a t i o n s   such   as  t h a t   shown  in  F i g u r e   7,  t he   r i b s   35  may 

be  a n n u l a r   r a t h e r   t h a n   h e l i c a l .   H e l i c a l   r i b s   a re   r e q u i r e d  

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



1.  A  M e t h o d   of  p e r f o r a t i n g   a  t u b e   as  t h e   t u b e   is  a d v a n c e d  

a l o n g   a  f e e d   p a t h   c h a r a c t e r i z e d   by  r e v o l v i n g   a  p u n c h  

a b o u t   t h e   t u b e   in  an  e p i c y c l o i d a l   path  s u c h   t h a t   t h e  

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

p a t h .  

2.  A  m e t h o d   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   in  t h a t   a t  

l e a s t   t h r e e   p u n c h e s   a r e   r e v o l v e d   a b o u t   t he   t u b e   in  r e -  

s p e c t i v e   e p i c y c l o i d a l   p a t h s   w i t h   t h e - c u s p s   of  the   p a t h s  

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

3.  A  m e t h o d   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   in  t h a t   t h e  

e p i c y c l o i d a l   p a t h   has  an  i n t e g r a l   n u m b e r   of   l o b e s   in  o n e  

_ r e v o l u t a i o n   a b o u t   t h e   t u b e .  

4.  A  m e t h o d   a c c o r d i n g   to  c l a i m   1,  2  or  3  c h a r a c t e r i z e d   i n  

t h a t   t h e   t u b e   is  c o r r u g a t e d   and  t h e   punch   p e r f o r a t e s   t h e  

t u b e   in  t r o u g h s   in  t h e   e x t e r n a l   s u r f a c e   of  t he   t u b e .  

5.  An  a p p a r a t u s   f o r   p e r f o r a t i n g   a  t u b e   w i t h   a  p u n c h ,  

c h a r a c t e r i z e d   by  means   ( 2 1 , 2 6 , 2 6 b , 2 7 )   f o r   r e v o l v i n g   t h e  

punch   a b o u t   t h e   t u b e   in  an  e p i c y c l o i d a l   p a t h   such   t h a t  

t he   punch   p e r f o r a t e s   t he   t u b e   at   c u s p s   of  t he   e p i c y c l o i -  

dal  p a t h .  

6.  An  a p p a r a t u s   a c c o r d i n g   to  c l a i m   5  c h a r a c t e r i z e d   by  a  t o o l  

h o l d e r   (12 )   on  w h i c h   t h e   p u n c h   ( 1 4 )   is  m o u n t e d ,   m e a n s  

( 3 3 a )   f o r   m o u n t i n g   t h e   t o o l   h o l d e r   f o r   r o t a t i o n   a b o u t   a n  

a x i s   (x)   t h e r e o f ,   and  means   ( 2 9 , 3 1 , 4 0 )   f o r   r e v o l v i n g   t h e  

a x i s   (x)   of  t h e   t o o l   h o l d e r   a b o u t   the   t u b e   ( 1 0 ) .  

7.  An  a p p a r a t u s   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   in  t h a t  

t h e   t o o l   h o l d e r   is  a  s p i n d l e   (33 )   w i t h   t h e   punch   (14)  p r o -  

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

8.  An  a p p a r a t u s   a c c o r d i n g   to  c l a i m   7  c h a r a c t e r i z e d   in  t h a t  

t he   s p i n d l e   (33 )   r o l l s   a b o u t   t h e   s u r f a c e   of   t he   t u b e .  
9.  An  a p p a r a t u s   a c c o r d i n g   to  c l a i m   8  c h a r a c t e r i z e d   by  a  

p l u r a l i t y   of  s p i n d l e s   ( 3 3 )   d i s t r i b u t e d   s y m m e t r i c a l l y  
a b o u t   t h e   t u b e .  



10.  An  a p p a r a t u s   a c c o r d i n g   to  c l a i m   7,  8  or  9  c h a r a c t e r i z e d  

by  a  h e l i c a l   r i b   ( 3 5 )   o n  t h e   s p i n d l e ,   e n g a g a b l e   w i t h  t h e  

t u b e   to  a d v a n c e   t he   t u b e   t h r o u g h   t h e   a p p a r a t u s .  

11.  An  a p p a r a t u s   a c c o r d i n g   7 , 8 , 9   c h a r a c t e r i z e d   in  t h a t   t h e  

s p i n d l e   has  a  h e l i c a l   r i b   (35)   and  t h e   punch  (14 )   p r o -  

j e c t s   r a d i a l l y   f rom  t h e   r i b .  
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