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(§5)  Perforated  plastic  pipe  and  punch  for  forming  perforations  therein. 

  This  invention  relates  to  a  plastic  pipe  having  in  its  wall 
punched  holes  16a,  b,  c;  16'a,  b,  c,  with  rounded  short  end 
edges  2a  and  long  continuously  curved  side  edges  15  and  to 
a  punching  knife  for  making  the  punched  holes,  having  a 
large  length/width  ratio  in  cross-section  with  curved  side 
flanks  6  between  rounded  portions  7  and  sharp  knife  edges 
10. 



BACKGROUND  OF  THE  INVENTION 

This   i n v e n t i o n   r e l a t e s   to  a  p l a s t i c   p i p e ,   more  p a r t i c u -  

l a r l y   a  p l a s t i c   d r a i n a g e   p i p e ,   hav ing   in  i t s   wa l l   and  d i s -  

t r i b u t e d   over   the  p e r i p h e r y   t h e r e o f   a  number  of  h o l e s  

hav ing   an  e l o n g a t e   d e s i g n   wi th   rounded   s h o r t   end  edges   a n d  

long  s i de   edges   t h e r e b e t w e e n ,   and  to  a  punch,   more  p a r t i c u -  

l a r l y   a  p u n c h i n g   k n i f e   hav ing   a  c u t t i n g   t i p   for   making  h o l e s  

in  the  wa l l   of  a  p l a s t i c   p ipe ,   as  d i s c l o s e d   in  German  A u s -  

l e g e s c h r i f t   1  778  0 9 4 .  

P l a s t i c   p i p e s ,   more  p a r t i c u l a r l y   c o r r u g a t e d   p i p e s ,  

hav ing   a  l a r g e   number  of  smal l   h o l e s   in  t h e i r   wal l   are   a t  

p r e s e n t   used  for   d r a i n a g e   p u r p o s e s .   C o r r u g a t e d   p i p e s   a r e  

p r e f e r a b l y   used  fo r   t h i s   p u r p o s e   b e c a u s e   such  a  p ipe   o f f e r s  

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

m a t e r i a l   used ,   w h i l e   t h e r e   is  a  high  e l a s t i c i t y   in  the  l o n -  

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

Smooth  d r a i n a g e   p i p e s   are  a l s o   used  for   c e r t a i n   p u r p o s e s .  

I r r e s p e c t i v e   of  the   p ipe   c o n s t r u c t i o n ,   however ,   i t   has  b e e n  



found  t h a t   the   p r o v i s i o n   of  the  h o l e s   c a u s e s   t e a r s   in  t h e  

p ipe   and  t h e s e   t e a r s   may  even  c o n t i n u e   from  one  hole   to  a n -  

o t h e r .   T e s t s   have  p roved   t h a t   the   o c c u r r e n c e   of  t e a r s   a t  

the  edges   of  h o l e s   depends   on  the  hole   shape  and  the  way  i n  

which  the   h o l e s   are   formed.   I t   is   known  in  the  a r t ,   f o r  

example ,   to  form  h o l e s   wi th   r o t a t i n g   c l a w - l i k e   k n i f e s   b u t  

due  to  the  s h a r p n e s s   of  t h e s e   k n i v e s   t e a r s   r e a d i l y   o c c u r  

at  the   ends  of  the   e l o n g a t e   h o l e s   wh i l e   i f   b e v e l l e d   k n i v e s  

are   used ,   the   p a s s a g e   t h r o u g h   the  h o l e s   r e d u c e s   in  s i z e .  

Even  when  r e c t a n g u l a r   h o l e s   are   made  wi th   s p e c i a l   p u n c h e s  

and  have  the  a d v a n t a g e   of  u n i f o r m   p a s s a g e ,   t e a r s   occu r   a t  

the   c o r n e r s   of  the   h o l e s .   A t t e m p t s   have  t h e r e f o r e   been  made 

to  make  the   h o l e s   a c c o r d i n g   to  a  s p e c i a l   shape ,   e . g .   e l o n g a t e  

h o l e s   wi th   r o u n d e d   ends  as  d e s c r i b e d   in  the  a b o v e - c i t e d   p r i o r  

a r t .   T e s t s   have  p r o v e d ,   however ,   t h a t   t e a r s   s t i l l   o ccu r   b e -  

tween  the  s t r a i g h t   long  s i d e s   of  the   hole   where  they   m e r g e  

i n t o   the  r o u n d e d   p o r t i o n s .  

SUMMARY  OF  THE  INVENTION 

It   is  an  o b j e c t   of  the   p r e s e n t   i n v e n t i o n   to  p r o v i d e   a  

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

w i t h o u t   any  t e a r s   o c c u r r i n g   a long   the  edges   of  s a i d   h o l e s .  

To  t h i s   end,  in  a  p l a s t i c   p ipe   of  the  type   as  d e s c r i b e d ,  

the   long  s i de   edges   of  the   ho le   are   cu rved   c o n t i n u o u s l y ,   t h e  

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

l o n g i t u d i n a l   d i r e c t i o n   of  the  ho le   be ing   s m a l l e r ,   nea r   t h e  

s h o r t   r ounded   end  e d g e s ,   than  the  t r a n s v e r s e   d i m e n s i o n s   o f  

the   ho le   f u r t h e r   away  from  the  r o u n d e d   end  e d g e s .  



The  a d v a n t a g e   of  t h i s   is   t h a t   the   c o n t i n u o u s   form  o f  

the  r a d i u s   of  c u r v a t u r e   r e s u l t s   in  no  t e a r i n g   o c c u r r i n g   a l o n g  

the  edges   of  the   h o l e s ,   This   has  a l s o   been  p roved   by  t e s t s .  

I t   s h o u l d   be  no ted   t h a t   i t   is   known  per  se  to  u s e  

d i a m o n d - s h a p e d   h o l e s   wi th   the  sha rp   c o r n e r s   rounded   o f f .  

Even  wi th   t h e s e   h o l e s ,   however ,   t e a r i n g   o c c u r s   at  the   c o r n e r  

of  the  diamond  where  s t r a i g h t   p o r t i o n s   of  the   f l a n k s   m e e t .  

In  such  h o l e s   the  long  s i de   edges   are   a c c o r d i n g l y   not  c o n t i -  

n u o u s l y   c u r v e d .  

In  a  p r a c t i v a l   embodiment   of  the  p r e s e n t   i n v e n t i o n ,  

the  p l a s t i c   p ipe   is  so  c o n s t r u c t e d   t h a t   the   h o l e s   of  e l o n g a t e  

d e s i g n   are   ova l   and  p r e f e r a b l y   e l l i p t i c a l .  

To  form  t h e s e   h o l e s   use  is   made  of  a  punch,   more  p a r -  

t i c u l a r l y   a  p u n c h i n g   k n i f e   wi th   a  c u t t i n g   t i p   for   f o r m i n g  

the  h o l e s   in  the  wa l l   of  the  p l a s t i c   p i p e ,   the   punch  h a v i n g  

a  l a r g e   l e n g t h / w i d t h   r a t i o   in  i t s   o p e r a t i v e   c r o s s - s e c t i o n ,  

wi th   rounded   p o r t i o n s   e x t e n d i n g   in  the   d i r e c t i o n   of  the   w i d t h  

be tween   the  s i de   f l a n k s   of  the  punch.   A c c o r d i n g   to  the   i n -  

v e n t i o n ,   t h i s   punch  is   thus   c o n s t r u c t e d   t h a t   the  s i de   f l a n k s  

are   so  cu rved   in  the  l o n g i t u d i n a l   d i r e c t i o n   of  the  c r o s s -  

s e c t i o n   t h a t   a  t a n g e n t   e x t e n d i n g   from  one  r ounded   p o r t i o n  

to  the  o t h e r   a lways   i n t e r s e c t s   the  a s s o c i a t e d   s i d e   f l a n k   a t  

one  p o i n t   in  the  c r o s s - s e c t i o n a l   p l a n e .   There   is  t h e r e f o r e  

a  c o n t i n u i t y   in  the  r a d i u s   of  c u r v a t u r e   in  the  case   of  t h e  

punch  too .   The  punch  a c c o r d i n g   to  the  i n v e n t i o n   is   a l s o   s o  

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

s ide   f l a n k   from  a  c r o s s - s e c t i o n a l   p l a n e   to  the  c u t t i n g   e d g e  

at  the   t i p   is  s h o r t e r   near   a  r ounded   p o r t i o n   than  a  s i m i l a r  

d e s c r i p t i v e   l i n e   f u r t h e r   away  from  the  a s s o c i a t e d   r o u n d e d  



p o r t i o n .  

SURVEY  OF  THE  DRAWINGS 

F i g s .   1-5  i l l u s t r a t e   the  t e a r i n g   p a t t e r n   in  v a r i o u s  

known  t y p e s   of  ho le   in  a  p l a s t i c   p ipe   w a l l ;  

F ig .   6  is   a  s ide   e l e v a t i o n   of  p a r t   of  a  punch  of  t h e  

i n v e n t i o n   v i ewed   at  the   f l a n k   s i d e ;  

F ig .   7  is   an  end  e l e v a t i o n   of  the   c u t t i n g   t i p   of  t h e  

punch  of  f i g .   6 ;  

Fig.   8  is   a  s i d e   e l e v a t i o n   of  the   punch  of  f i g .   6 

v iewed   at  the   s i de   of  the  rounded   p a r t ;  

Fig .   9  is   an  i n d i c a t i o n   of  the  g roove   s h a p e ;  

Fig .   10  is   a  s i m i l a r   view  of  a  ho le   in  a  p l a s t i c   p i p e  

a c c o r d i n g   to  the  i n v e n t i o n   of  f i g s .   1 - 5 ;  

F ig .   11  is  a  c r o s s - s e c t i o n   of  a  p l a s t i c   p ipe   wi th   h o l e s  

of  the  i n v e n t i o n   on  l i n e   XI-XI  in  f i g .   12;  

.  Fig.   12  is   a  s i de   e l e v a t i o n   of  p a r t   of  a  p l a s t i c   p i p e  

wi th   h o l e s   a c c o r d i n g   to  the  i n v e n t i o n   in  the  form  of  a  

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

F i g s .   13-20  are   s i de   e l e v a t i o n s   of  a  punch  of  the  i n -  

v e n t i o n   wi th   d i f f e r e n t   c u t t i n g   t i p   d e s i g n s   from  the  p u n c h  

of  f i g s .   6  and  8 .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

The  h o l e s   in  the  wal l   of  a  d r a i n a g e   p ipe   are  p r e f e r a b l y  

not  formed  e x a c t l y   r a d i a l l y   t h e r e i n   but  s u b s t a n t i a l l y   t a n g e n -  

t i a l l y   on  both  s i d e s   of  the  p i p e ,   p r e f e r a b l y   so  as  to  s l o p e  

i n w a r d l y   so  t h a t   i t   is  p o s s i b l e   to  r e f e r   q u i t e   l e g i t i m a t e l y  



to  the  o u t s i d e   and  the  i n s i d e   of  the   h o l e .   A l t h o u g h  

t h e r e   is  no  d i f f i c u l t y   in  f o rming   the  h o l e s   r a d i a l l y ,   i t   i s  

a d v a n t a g e o u s   to  form  them  s u b s t a n t i a l l y   t a n g e n t i a l l y ,   f o r  

r e a s o n s   a s s o c i a t e d   with  p r o d u c t i o n ,   in  o r d e r   to  p r o v i d e d  

s m o o t h e r   o p e r a t i o n   of  the  p e r f o r a t o r   and  in  o r d e r   to  r e d u c e  

p ipe   d e f o r m a t i o n .   Viewed  from  the  o u t s i d e   of  the   p ipe ,   t h e  

h o l e s   can  t h e r e f o r   be  r e g a r d e d   as  a  p a r t   h a v i n g   an  o u t s i d e  

and  a  p a r t   hav ing   an  i n s i d e .   In  f i g s .   1-5,  the  r i g h t - h a n d  

s i d e s   of  the  h o l e s   i l l u s t r a t e d   are   the  i n s i d e s   and  the  l e f t -  

hand  s i d e s   are   the  o u t s i d e s   of  the  h o l e s ,   the  m a t e r i a l   of  t h e  

p ipe   wa l l   a l s o   b e i n g   v i s i b l e   as  a  r e s u l t .  

F ig .   1  shows  a  hole   of  e l o n g a t e   d e s i g n   wi th   r o u n d e d  

s h o r t   end  edges   1  and  2  for   the   i n s i d e   and  o u t s i d e   of  t h e  

hole   r e s p e c t i v e l y .   Long  s i de   edges   3  e x t e n d   be tween   t h e s e  

rounded   s h o r t   end  edges   1  and  2.  E x p e r i m e n t s   have  p r o v e d  

t h a t   t e a r i n g   o c c u r s   at  the  t r a n s i t i o n   be tween   the  l o n g  

s t r a i g h t   s ide   edges   3  and  the  r ounded   s h o r t   end  edges   1  a n d  

2.  This   t e a r i n g   is  r e f e r e n c e d   4 .  

If   the   end  of  the  hole   is  r ounded   to  a  s m a l l e r   r a d i u s  

as  shown  in  f i g .   2,  the  r o u n d e d   p o r t i o n   has  no  t e a r i n g   b u t  

t h i s   does  occu r   where  the  s t r a i g h t   s i de   f l a n k s   3a  merge  i n t o  

the  rounded   p o r t i o n   2a  v ia   o b l i q u e   f l a n k s   5;  t e a r s   o c c u r  

h e r e .  

In  t h i s   c o n n e c t i o n   e x p e r i m e n t s   were  c a r r i e d   out  w i t h  

a  f a l l i n g   we igh t   a p p l i e d   to  the  i n s i d e   of  the   ho le   at  t h e  

rounded   p o r t i o n   1  and  a l s o   to  the  o u t s i d e   of  the   ho le   a t  

the  rounded   p o r t i o n s   2,  2a  r e s p e c t i v e l y .   In  c a s e s   in  w h i c h  

the  o b l i q u e   l i n e s   e x t e n d   from  the  r ounded   p o r t i o n s   2a  to  t h e  

rounded   p o r t i o n   1  as  shown  by  the  o b l i q u e   f l a n k s   5a  in  f i g .   3 ,  



t e a r i n g   4  o c c u r s   on ly   at  the   t r a n s i t i o n   be tween   the   f l a n k s  

and  the  r o u n d e d   p o r t i o n   1.  In  f i g .   4  use  has  been  made  o f  

f l a n k s   3b  and  o b l i q u e   f l a n k s   5b  and  i t   has  been  found  t h a t  

no  t e a r i n g   now  o c c u r s   be tween   the  f l a n k s   3b  and  5 b .  

In  the   l i g h t   of  t h i s   e x p e r i e n c e ,   t h e r e f o r e ,   the   r o u n -  

ded  p o r t i o n   2a  has  a l s o   been  s h i f t e d   to  the  i n s i d e   of  t h e  

ho le   as  shown  at  r e f e r e n c e   2b  in  f i g .   5.  E x p e r i m e n t s   p r o v e d ,  

however ,   t h a t   t e a r i n g   o c c u r s   n e v e r t h e l e s s   at  the  t r a n s i t i o n  

be tween   the  o b l i q u e   f l a n k s   5b  and  5c  as  d e n o t e d   by  r e f e r e n c e  

4 b .  

At temps   were  then   made  to  f i nd   a  hole   wi th   no  t e a r i n g  

in  a  p l a s t i c   p i p e ,   more  p a r t i c u l a r l y   a  p l a s t i c   d r a i n a g e   p i p e  

h a v i n g   in  i t s   wa l l   h o l e s   each  of  e l o n g a t e   form  w i t h   r o u n d e d  

s h o r t   end  edges   and  long  s i de   edges   t h e r e b e t w e e n .   This   i s  

made  p o s s i b l e   a c c o r d i n g   to  the   p r e s e n t   i n v e n t i o n   by  c u r v i n g  

the  long  s i d e   edges   of  the   ho le   c o n t i n u o u s l y ,   the   t r a n s v e r s e  

d i m e n s i o n s   of  the   ho le   p e r p e n d i c u l a r   to  the   l o n g i t u d i n a l   d i -  

r e c t i o n   of  the   ho le   b e i n g   s m a l l e r ,   nea r   the  s h o r t   r o u n d e d  

end  e d g e s ,  t h a n   the  t r a n s v e r s e   d i m e n s i o n s   of  the   ho le   s i t u -  

a t e d   f u r t h e r   away  from  the   rounded   end  e d g e s .   The  p l a s t i c  

p ipe   may  in  t h i s   case   have  h o l e s   which  are   ova l   or  e l l i p t i -  

ca l   wi th   a  c o n t i n u o u s   r a d i u s   of  c u r v a t u r e   of  e l o n g a t e   d e s i g n .  

This   w i l l   be  e x p l a i n e d   wi th   r e f e r e n c e   to  the  punch  for   ma-  

k ing   t h e s e   h o l e s   as  i l l u s t r a t e d   in  f i g s .   6  to  9,  the  s h a p e  

of  the   h o l e s   a l s o   be ing   shown  in  f i g .   10 .  

The  s i d e   e l e v a t i o n   in  f i g .   6  and  the  end  e l e v a t i o n   i n  

f i g .   7  show  a  punch,   more  p a r t i c u l a r l y   a  p u n c h i n g   k n i f e   h a -  

v i n g   a  c u t t i n g   t i p   for   making  h o l e s   in  the  wa l l   of  a  p l a s t i c  

p i p e ,   the   e f f e c t i v e   c r o s s - s e c t i o n   of  the   punch  hav ing   a  l a r g e  



l e n g t h / w i d t h   r a t i o   wi th   rounded   p o r t i o n s   e x t e n d i n g   in  t h e  

d i r e c t i o n   of  the   w id th   be tween  the  s i de   f l a n k s   of  the   p u n c h .  

The  l e n g t h   and  wid th   of  the  c r o s s - s e c t i o n   of  the  p u n c h  

are   d e n o t e d   by  l e t t e r s   L  and   B  r e s p e c t i v e l y   in  f i g s .   6,  7  

and  8.  In  the  punch  a c c o r d i n g   to  the  i n v e n t i o n ,   the   s i d e  

f l a n k s   in  the  l o n g i t u d i n a l   d i r e c t i o n   L  of  the  c r o s s - s e c t i o n  

are   so  c u r v e d   t h a t   a  t a n g e n t   8  e x t e n d i n g   from  one  r o u n d e d  

p o r t i o n   7  to  the  o t h e r   r ounded   p o r t i o n   7  a lways   c o n t a c t s  

the  r e l e v a n t   s i de   f l a n k   6  at  one  p o i n t   in  the  c r o s s - s e c t i -  

ona l   p l a n e .   With  t h i s   punch,   t h e r e f o r e ,   i t   is  p o s s i b l e   t o  

punch  h o l e s   hav ing   a  c o n t i n u o u s   r a d i u s   of  c u r v a t u r e .  

As  shown  in  f i g .   6,  a  d e s c r i p t i v e   l i n e   l l a   e x t e n d i n g  

from  a  c r o s s - s e c t i o n a l   p l a n e   i n d i c a t e d   by  l i n e   9  to  t h e  

c u t t i n g   edge  10  on  a  cu rved   s ide   f l a n k   6  nea r   a  r o u n d e d   p o r -  

t i o n   7  is  s h o r t e r   than   a  s i m i l a r   d e s c r i t i v e   l i n e   11b  f u r t h e r  

away  from  the  a s s o c i a t e d   rounded   p o r t i o n   7.  The  c r o s s - s e c t i -  

ona l   p l a n e   of  the   o p e r a t i v e   p a r t   of  the   punch  in  a  p r a c t i c a l  

embodiment   is  o v a l - e l l i p t i c a l   or  a p p r o x i m a t e l y   e l l i p t i c a l .  

The  c u t t i n g   t i p   of  the   punch  is  a l s o   so  c o n s t r u c t e d  

t h a t   a  t a n g e n t   i n d i c a t e d   by  l i n e   12  e x t e n d i n g   p e r p e n d i c u l a r -  

ly  to  the  c e n t e r l i n e   13  t o u c h e s   the  s a i d   t i p   of  the   p u n c h  

at  a  d i s t a n c e   from  the  c e n t e r l i n e   13  t h e r e o f .   The  punch  t h u s  

has  a  k n i f e   edge  at  the  f l a n k s   at  the   t i p ,   but  the   k n i f e   e d g e  

at  each  f l a n k   e x t e n d s   to  a  cu rved   l i n e   from  one  r ounded   p o r t i o n  

7  to  the  o t h e r   as  w i l l   be  a p p a r e n t   from  f i g .   6 .  

Each  k n i f e   edge  of  the  punch  a l s o   e x t e n d s  t o   a  c u r v e d  

l i n e   in  the  t r a n s v e r s e   d i r e c t i o n   ( f i g .   7) .   The  k n i f e   e d g e s  

10  are  formed  in  known  manner  by  a  V - s h a p e d   groove   in  the  t i p  

and  the  r e s u l t i n g   c u t t i n g   edge  may  be  r e f e r r e d   to  as  a  f i s h  



s n o u t .   The  V - s h a p e d   g roove   e x t e n d s   from  o n e  r o u n d e d   p o r t i o n  

to  the   o t h e r   and  the  base   of  the   V - s h a p e d   groove   has  a  

s t r a i g h t   c o n f i g u r a t i o n   as  shown  by  b roken   l i n e   14  ( f i g .   6 ) .  

Also ,   the   base   of  the   V - s h a p e d   g roove   i n c l u d e s   an  a c u t e   a n g l e  

wi th   a  t r a n s v e r s e   p l a n e   e x t e n d i n g   p e r p e n d i c u l a r l y   to  t h e  

p l a n e   of  the   c e n t e r l i n e   of  the   punch,   l i k e   the  t a n g e n t i a l  

p l a n e   12.  E x p e r i m e n t s   have  p roved   t h a t   no  t e a r i n g   o c c u r s  

in  a  hole   made  in  a  p ipe   wa l l   wi th   a  punch  of  t h i s   k ind ,   a n d  

f i g .   10  i l l u s t r a t e s   a  ho le   made  in  a  p ipe   wa l l   wi th   t h i s  

p u n c h .  

This   e l o n g a t e   ho le   t hus   has  sma l l   r ounded   p o r t i o n s  

2a  at  the   s h o r t   s i d e   p r o d u c e d   by  the   r o u n d e d   p o r t i o n s   7  o f  

the   punch  and  long  c o n t i n u o u s l y   c u r v e d   f l a n k s   15  p r o d u c e d  

by  the  f l a n k s   6  of  the   punch.   The  hole   as  i l l u s t r a t e d   i n  

f i g .   10  i s ,   fo r   example ,   a  top  p lan   view  of  the   ho le   1 6 a  

( f i g .   11)  and  s i n c e   t h i s  h o l e   is  d i s p o s e d   t a n g e n t i a l l y   t h e  

w a l l   2 ' a   of  the   r o u n d e d   p o r t i o n   2a  is   v i s i b l e   and  the  h o l e  

is   t h e r e f o r e   r e g a r d e d   as  h a v i n g   p a r t   of  i t   as  the  o u t s i d e .  

The  wa l l   2 ' b   of  the   o p p o s i t e   rounded   p o r t i o n   2a  is   not  v i s i -  

ble   and  t h i s   p o r t i o n   is   t h e r e f o r e   r e g a r d e d   as  the   i n s i d e .  

At  the   sma l l   r ounded   p o r t i o n s   2a,  b u r r s   may  form  on  t h e  

i n s i d e   of  the   p ipe   ( r e f e r e n c e   17  in  f i g .   10),  but  t h i s   d o e s  

not   e f f e c t   the   p a s s a g e   shape  of  the   h o l e .   The  hole   a c c o r d i n g  

to  the   p r e s e n t   i n v e n t i o n   a c c o r d i n g l y   has  an  i n v a r i a b l e   p a s -  

sage  in  the   p u n c h i n g   d i r e c t i o n   and  t h i s   is  to  the  a d v a n t a g e  

of  the   w a t e r   f low  when  the   p ipe   is  used  for   d r a i n a g e   p u r p o -  

s e s .  

The  h o l e s   in  the   p ipe   wa l l   a re   a l l   d i s p o s e d   t a n g e n t i a l -  

ly ,   t h e r e   be ing   s i m u l t a n e o u s   f o r m a t i o n   of  the  h o l e s   16a  a n d  



and  16b  and  the  h o l e s   16c  and  16d  d i a m e t r i c a l l y   o p p o s i t e  

the  same.  The  d i r e c t i o n   of  the  punches   for   t h e s e   h o l e s   i s  

o f f s e t   450  p e r i p h e r a l l y   wi th   r e s p e c t   to  the  punches   f o r  

making  the  h o l e s   16 ' a   and  16 'b   t o g e t h e r   with  the  h o l e s   1 6 ' c  

and  16 'd   d i a m e t r i c a l l y   o p p o s i t e   the  same.  However,   the   h o l e s  

16a-16d   are  a x i a l l y   o f f s e t   wi th   r e s p e c t   to  the  h o l e s   1 6 ' a -  

1 6 ' d .  

A l t h o u g h   i t   is  p o s s i b l e   to  make  the  h o l e s   at  the   c r e s t s  

of  the  c o r r u g a t i o n   in  a  c o r r u g a t e d   p i p e ,   they   are  p r e f e r a b l y  

made  in  the  t r o u g h s   be tween   the  c o r r u g a t i o n s   as  w i l l   be  s e e n  

in  f i g .   12,  The  h o l e s   16-16d  in  t h i s   case   are   s i t u a t e d   in  o n e  

c o r r u g a t i o n   and  the  h o l e s   1 6 ' a - 1 6 ' d   a re   s i t u a t e d   in  the  n e x t  

c o r r u g a t i o n .   I t   is  not  a b s o l u t e l y   e s s e n t i a l   fot   two  s e t s   o f  

h o l e s   a lways   to  be  formed  d i a m e t r i c a l l y   wi th   r e s p e c t   to  e a c h  

o t h e r .   Depend ing   on  the  r e q u i r e d   p a s s a g e   c h a r a c t e r i s t i c s   a  

s m a l l e r   number  of  h o l e s   may  be  p r o v i d e d   a l o n g   the  p e r i p h e r y ,  

and  i t   is  a l s o   p o s s i b l e   to  miss  some  of  the  t r o u g h s   b e t w e e n  

the  c o r r u g a t i o n s .   P r e f e r a b l y ,   however ,   the   ho le   p a t t e r n   i s  

as  i l l u s t r a t e d   in  f i g s .   11  and  1 2 .  

The  ho l e s   d e s c r i b e d   do  not  have  to  be  made  j u s t   wi th   a  

c u t t i n g   punch  t i p   as  shown  in  f i g s .   6,  8  and  9,  but  may  a l s o  

be  p r o d u c e d   by  means  of  a  p r i c k i n g   punch  t i p   as  i l l u s t r a t e d  

in  f i g s .   13  and  14.  The  c r o s s - s e c t i o n   of  t h i s   l a t t e r   p u n c h  

is  c o m p l e t e l y   in  a c c o r d a n c e   wi th   f i g .   7.  The  r ounded   p o r t i o n  

7  at  the  l e f t - h a n d   s i de   in  f i g .   13  is  much  l o n g e r   wi th   r e s -  

pec t   to  the  f l a n k s   6  of  the  t i p   than   the  rounded   p o r t i o n   7  

on  the  r i g h t - h a n d   s ide   of  the  punch.   The  punch  thus   has  a  

rounded   but  c u t t i n g   t i p   17.  A  d e s c r i p t i v e   l i n e   e x t e n d i n g   c l o s e  

to  the  rounded   p o r t i o n   7  from  a  c r o s s - s e c t i o n a l   p l a n e   9  t o  



the   t i p   of  the   punch  is  a c c o r d i n g l y   l o n g e r   than  a  d e s c r i p t i v e  

l i n e   s i t u a t e d   c l o s e r   to  the   c e n t e r l i n e   13  of  the  punch.   T h e s e  

d e s c r i p t i v e   l i n e s   a re   a g a i n   r e f e r e n c e d   11a  and  11b  r e s p e c t i -  

v e l y ,   for   the   l e f t - h a n d   s i de   of  the  punch.   The  c o n d i t i o n s  

a p p l i c a b l e   to  the   d e s c r i p t i v e   l i n e s   11a  and  11b  in  f i g .   6 

a g a i n   a p p l y   to  the  r i g h t - h a n d   s i de   of  the  p u n c h .  

A  p r i c k i n g   punch  of  t h i s   k ind   can  be  of  a  double   c o n -  

s t r u c t i o n   as  i l l u s t r a t e d   in  f i g s .   15  and  16.  Here  t h e r e   a r e  

two  p o i n t s   17a  and  17b  r e s p e c t i v e l y   at  the   c u t t i n g   t i p   o f  

the   punch.   Curved  c u t t i n g   edges   10  are   a g a i n   p r o v i d e d   a l o n g  

the   f l a n k s   6  by  the  p r o v i s i o n   of  a  V - s h a p e d   groove   14b  a t  

the   end.  The  p o i n t s   17a  and  17b,  which  c o n t a c t   a  t a n g e n t i a l  

p l a n e   12  e x t e n d i n g   p e r p e n d i c u l a r l y   to  the  c e n t e r l i n e   13  o f  

the   punch  a re   a g a i n   at  a  d i s t a n c e   from  the  c e n t e r l i n e   13 .  

In  t h e c a s e   of  the   punch  i l l u s t r a t e d   in  f i g s .   17  and  18,  o n e  

c e n t r a l   p r i c k i n g   p o i n t   17c  is  p r o v i d e d . a t   the  c e n t e r l i n e   13 

where  i t   i n t e r s e c t s   the   t a n g e n t i a l   p l a n e   12.  The  c e n t e r l i n e s  

11a  and  11b  a g a i n   s a t i s f y   the  c o n d i t i o n s   d e s c r i b e d   wi th   r e s -  

pec t   to  f i g .   6 .  

F i g s .   19  and  20  show  a  v a r i a n t   of  the   punch  of  f i g s .  

17  and  18.  The  c u t t i n g   t i p   is  a g a i n   p r o v i d e d   wi th   c u r v e d  

c u t t i n g   edges   10  but  t h e s e   c u r v e d   c u t t i n g   edges  are   bent   a t  

the  p o i n t   17d.  The  p r o v i s i o n   of  a  g roove   d e n o t e d   by  the   l i n e  

14c  a g a i n   p r o v i d e s   a  f i s h   snout   fo r   p r o d u c i n g   the  c u t t i n g  

edges   10.  In  a l l   t h e s e   v a r i a t i o n s   of  the   punch,   however ,   t h e  

c r o s s - s e c t i o n   is  in  a c c o r d a n c e   wi th   t h a t   i l l u s t r a t e d   in  f i g .  

7  in  o r d e r   u l t i m a t e l y   to  p roduce   the  h o l e s   i l l u s t r a t e d   i n  

f i g .   1 0 .  



1.  A  p l a s t i c   p i p e ,   more  p a r t i c u l a r l y   a  p l a s t i c  

d r a i n a g e   p ipe   h a v i n g   in  i t s   wa l l   and  d i s t r i b u t e d   o v e r  

the   p e r i p h e r y   t h e r e o f   a  number  of  h o l e s   made  by  means  o f  

a  punch,   the   h o l e s   hav ing   an  e l o n g a t e   d e s i g n   wi th   r o u n d e d  

s h o r t   end  edges   and  long  s ide   edges   t h e r e b e t w e e n ,   w h e r e i n  

the  long  s i de   edges of   the  punched  ho le   a re   c u r v e d   c o n t i -  

n u o u s l y ,   the   punched   hole   t r a n s v e r s e   d i m e n s i o n s   e x t e n d i n g  

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

ed  ho le   be ing   s m a l l e r ,   n ea r   the  s h o r t   r o u n d e d   end  e d g e s ,  

than   the  t r a n s v e r s e   d i m e n s i o n s   of  the  punched  ho le   f u r t h e r  

away  from  the  r o u n d e d   end  e d g e s .  

2.  A  p l a s t i c   p ipe   a c c o r d i n g   to  c l a i m  1 ,   in  w h i c h  

the   punched  h o l e s   of  e l o n g a t e   d e s i g n   are   ova l   or  e l l i p t i c a l .  

3.  A  punch,   more  p a r t i c u l a r l y   a  p u n c h i n g   k n i f e  

wi th   a  c u t t i n g   t i p   for   making  punched   h o l e s   in  the   w a l l  

of  a  p l a s t i c   p ipe   a c c o r d i n g   to  c l a im  1,  the   punch  h a v i n g  

a  l a r g e   l e n g t h / w i d t h   r a t i o   in  i t s   o p e r a t i v e   c r o s s - s e c t i o n ,  

with  r ounded   p o r t i o n s   e x t e n d i n g   in  the  d i r e c t i o n   of  t h e  

wid th   be tween   the   s i d e   f l a n k s   of  the   punch,   w h e r e i n   t h e  

s ide   f l a n k s   are   so  cu rved   in  the  l o n g i t u d i n a l   d i r e c t i o n   o f  

the  c r o s s - s e c t i o n   t h a t   a  t a n g e n t   e x t e n d i n g   from  one  r o u n d e d  

p o r t i o n   to  the  o t h e r   a lways   i n t e r s e c t s   the  a s s o c i a t e d   s i d e  

f l a n k   at  one  p o i n t   in  the  c r o s s - s e c t i o n a l   p l a n e .  

4.  A  punch  a c c o r d i n g   to  c l a im  3,  in  which  a  d e s c r i p -  



t i v e   l i n e   e x t e n d i n g   on  a  cu rved   s i de   f l a n k   from  a  c r o s s - s e c -  

t i o n a l   p l a n e   to  the  c u t t i n g   edge  at  the   t i p   i s   s h o r t e r   n e a r  

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

away  from  the  a s s o c i a t e d   rounded   p o r t i o n .  

5.  A  punch  a c c o r d i n g   to  c l a im  3,  in  which  a  d e s -  

c r i p t i v e  l i n e   e x t e n d i n g   on  a  cu rved   s i de   f l a n k   from  a  c r o s s -  

s e c t i o n a l   p l a n e   to  the  c u t t i n g   edge  at  the   t i p   is  s h o r t e r  

near   a  rounded   p o r t i o n   than   a  s i m i l a r   d e s c r i p t i v e   l i n e   n e a r  

the   o t h e r   r ounded   p o r t i o n .  

6.  A  punch  a c c o r d i n g   to  c la im  3,  in  which  a  d e s -  

c r i p t i v e   l i n e   e x t e n d i n g   on  a  cu rved   s i de   f l a n k   from  a  c r o s s -  

s e c t i o n a l   p l a n e   to  the  c u t t i n g   edge  at  the   t i p   is  l o n g e r   n e a r  

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

away  from  the   a s s o c i a t e d   r ounded   p o r t i o n .  

7.  A  punch  a c c o r d i n g   to  c l a im  3,  w h e r e i n   the  c r o s s -  

s e c t i o n a l   p l a n e   is   oval   or  e l l i p t i c a l .  










	bibliography
	description
	claims
	drawings

