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©  An  earth  working  machine. 

©  An  earth  working  machine  for  removing  the  surface 
layer  of  a  paved  surface  or  soil  includes  a  rotor  assembly 
having  a  drum  (39),  a  plurality  of  bit  holders  (100)  secured  to 
an  outer  periphery  of  the  drum  and  a  plurality  of  cutter  bits 
(160)  one  being  positioned  in  each  of  the  holders.  Drive 
means  are  provided  for  rotating  the  drum,  and  the  drum  is 
massive  enough  and  rotates  at  a  high  enough  velocity  to 
have  a  kinetic  energy  greater  than  117  J/cm  of  drum  width 
whereby  the  surface  layer  of  the  ground  is  sufficiently 
removed. 
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The  i n v e n t i o n   r e l a t e s   to  an  e a r t h   working  machine  having  a  c u t t e r  

drum  assembly  u s e f u l   in  working  an  ea r th   or  road  s u r f a c e .  

Ear th   working  machines  such  as  s e l f - p r o p e l l e d   s o i l   s t a b i l i z e r  

machines  or  roadway  r e s u r f a c i n g   machines  are  known.  Both  the  s o i l  

s t a b i l i z e r   and  the  roadway  r e s u r f a c e r   employ  a  h o r i z o n t a l   r o t o r   o r  

drum  for  comminuting  a n d / o r   m i x i n g  s o i l   and  o the r   m a t e r i a l   over  w h i c h  

the  machine  pa s se s .   The  r o t o r   or  drum  is  p rov ided   with  a  p l u r a l i t y  

of  c u t t e r   b i t s   or  t e e t h   which  are  outwardly  o r i e n t e d   on  the  o u t e r  

p e r i p h e r y   of  the  drum  in  a  form  that   a t tempts   to  p rovide   u n i f o r m  

p u l v e r i z a t i o n   or  mixing  of  the  ground  su r f ace .   Such  a  drum  w i l l  

h e r e a f t e r   be  termed  a  c u t t e r   drum. 

Such  e a r t h   working  machines  may  be  used  to  dig  up  and  comminute  o l d  

a s p h a l t   or  conc re t e   paving  which  may  then  be  r e - a p p l i e d   to  the  g r o u n d  

to  form  a  s u i t a b l e   f o u n d a t i o n   for  subsequent  o p e r a t i o n s .   Comminution 

of  the  old  su r face   is  n e c e s s a r y   to  smooth  out  the  su r face   of  t h e  

roadway  as  well  as  to  avoid  bu i ldup   of  the  paved  roadway  to  t h e  

ex ten t   t ha t   i t   ove r runs   the  o r i g i n a l   curbing,   g u t t e r s   or  manhole  

s k i r t s .   P r e v i o u s l y   t h i s   was  done  in  a  "hot  p l a n i n g "   o p e r a t i o n   i n  

which  hea t e r s   in  f ron t   of  the  ea r th   working  machine  heated  the  r o a d  

su r face   to  reduce  the  force   r equ i red   of  the  c u t t e r   drum.  Because  t h e  

roadway  serves  as  a  hea t   s ink  during  hot  p l an ing ,   i t   was  d e t e r m i n e d  

tha t   hot   p lan ing   could  not  be  performed  on  roadways  which  were  q u i t e  

cold  during  w i n t e r .   More  r e c e n t l y ,   "cold  p l a n i n g "   has  become  t h e  

p r e f e r r e d   mode  of  o p e r a t i o n   because ,   a l though  i t   r e q u i r e s   more  

c u t t i n g   power,  i t   does  not  need  a  heater   and  i t   can  be  done  d u r i n g  

any  season  of  the  y e a r .  



F u r t h e r ,   the  e a r t h   working  machines  may  be  used  as  s o i l   s t a b i l i z e r s  

to  b l end   or  mix  the  so i l   wi th   s u i t a b l e   a d d i t i v e s ,   such  as  lime  o r  

cement.   This  produces  a  hardened  or  " s t a b i l i z e d "   s o i l   which  c a n  

serve   as  a  base  for  an  a s p h a l t   or  concre te   l a y e r .  

A  road  p lan ing   appa ra tus   having  a  p l u r a l i t y   of  c u t t e r   t e e t h   s e c u r e d  

on  two  o p p o s i t e l y   d i r e c t e d   h e l i c a l   f l i g h t s   is  known  to  the  p r i o r  

a r t .   A  number  of  l a t e r a l l y   extending  paddle   bars   are  a t t a c h e d  

between  the  f l i g h t s   at  spaced  i n t e r v a l s   about  the  drum  near   i t s  

c e n t e r   p o r t i o n .   The  paddle   bars  are  r eces sed   from  the  c u t t i n g   h e a d s  

and  serve  as  scoops  to  throw  the  removed  paving  m a t e r i a l   c u t t i n g s  

upwardly  g e n e r a l l y   fo l lowing   the  drum  in  i t s   r o t a r y   d i r e c t i o n .   The 

paddle   bars  w i l l   g e n e r a l l y   l i f t   the  c u t t i n g s   o f  t h e   removed  pavement  
m a t e r i a l   up  and  over  the  p l an ing   c u t t e r   to  be  r e c e i v e d   through  a  

passageway  onto  a  m a t e r i a l   r e c e i v i n g   end  of  a  base  conveyor  so  t h a t  

the  m a t e r i a l   may  be  conveyed  away  from  the  c u t t i n g   drum.  A  p l a n e r  

a p p a r a t u s   of  t h i s   genera l   type  is  d i s c l o s e d   in  Uni ted   S ta tes   P a t e n t  

No.  4 ,139,318  i s sued   on  13th  February,   1979  to  Jacob  et   a l .  

A  mining  machine  having  c u t t e r   t e e t h   a r ranged  in  a  con t inuous   h e l i c a l  

or  s c r o l l   p a t t e r n   in  which  the  two  outer  t e e t h   of  each  h e l i x   a r e  

angled   out  over  a  r e s p e c t i v e   side  face  of  the   c u t t e r   drum  at  a  
l o c a l i z e d   p o r t i o n   of  i t s   p e r i m e t e r   is  also  known  to  the  p r i o r   a r t .   A 

dev ice   of  t h i s   genera l   type  is  d i s c l o s e d   in  Uni ted   S ta tes   Pa t en t   No. 

4 ,310 ,199   i s sued   on  12th  January ,   1982  to  Freed  et  a l .  

Since  the  technology  for  e a r t h   working  machines  is  wel l   d e v e l o p e d ,  

the  commercial  s u i t a b i l i t y   of  road  p laners   or  so i l   s t a b i l i z e r s   is  a t  

p r e s e n t   h igh ly   dependent  on  the  e f f e c t i v e n e s s   and  d u r a b i l i t y   of  t h e  

c u t t e r   drum.  The  e f f i c e n c y   wi th   which  the  c u t t e r   drum  digs  up  t h e  



ground  su r face   is  at  l e a s t   p a r t i a l l y   dependent  on  the  k i n e t i c   e n e r g y  
of  the  drum.  Because  the  k i n e t i c   energy  is  dependent   on  the  s q u a r e  
of  the  v e l o c i t y   (K.E.  =  1/2  M.V2  where  M  is  the  mass  of  the  c u t t e r  

drum  (the  weight   w  d i v i d e d   by  the  g r a v i t a t i o n a l   c o n s t a n t ,   g)  and  V  i s  

t h e  t i p   v e l o c i t y   of  the  c u t t e r   t e e t h   on  the  drum)  doubl ing  the  t i p  

v e l o c i t y   of  the  t e e t h   on  the  drum  quadruples   t h e i r   k i n e t i c   energy.   A 

c u t t e r   drum  wi th   a  high  k i n e t i c   energy  can  comminute  ha rder   m a t e r i a l  

than  can  a  lower  k i n e t i c   energy  drum.  Moreover,  a  high  k i n e t i c  

energy  c u t t e r   drum  w i l l   power  through  a  hard  spot  in  the  g r o u n d  

su r face   r a t h e r   than  being  slowed  down  s i g n i f i c a n t l y ,   or  perhaps  b e i n g  

stopped  a l t o g e t h e r   as  would  happen  to  lower  k i n e t i c   energy  drums.  

Thus  i t   has  been  found  advantageous  to  i n c r e a s e   the  k i n e t i c   energy  o f  

the  c u t t e r   drum  to  enable   i t   to  cut  hard  spots  more  e a s i l y .  

In  the  c u t t i n g   drums  of  the  p r io r   a r t   a  c o m p a r a t i v e l y   h igh  t o r q u e  

motor  was  used  to  enable   a  slow  r o t a t i n g   c u t t i n g   drum  to  cut  t h r o u g h  

a  hard  spot  in  a  ground  s u r f a c e .   In  the  p r e s e n t   i n v e n t i o n ,   on  t h e  

o ther   hand,  a  c o m p a r a t i v e l y   high  k i n e t i c   energy  c u t t e r   drum  i s  

u t i l i z e d   which  drum  can  be  powered  by  a  c o m p a r a t i v e l y   lower  t o r q u e  

motor.  Thus,  for  the  same  r a t e   of  c u t t i n g   of  a  ground  su r face   to  t h e  

same  degree  of  f i n e n e s s ,   the  high  k i n e t i c   energy  c u t t e r   drum  of  t h e  

p resen t   i n v e n t i o n   can  use  a  far  less   powerful   motor  than  could  t h e  

c u t t e r   drums  of  the  p r i o r   a r t .  

Also,  the  h igher   the  k i n e t i c   energy  of  the  drum,  and  hence  t h e  

v e l o c i t y   of  each  c u t t e r   t ip   on  the  drum,  the  more  e a s i l y   and  f i n e l y  

is  the  a s p h a l t ,   conc re t e   or  other  ground  su r face   p u l v e r i z e d .   The 

r o t a t i o n a l   speed  of  a  c u t t e r   drum  may  slow  down  anywhere  from  5%  t o  

20%  when  the  drum  encoun te r s   o b s t r u c t i o n s   and  th i s   g r e a t l y   d e c r e a s e s  

i t s   k i n e t i c   energy.  But  i f   the  c u t t e r   drum  i n i t i a l l y   has  a  h i g h e r  



k i n e t i c   energy,   then  i t s   k i n e t i c   energy  a f t e r   the  o b s t r u c t i o n   w i l l  

s t i l l   be  r e l a t i v e l y   high  and  i t   w i l l   con t inue   to  be  able   to  cut  t h e  

m a t e r i a l .  

Since  the  c u t t e r   drum  is  the  p a r t   most  s u b j e c t   to  wear,   the  f r e q u e n c y  

and  cost   of  i t s   r ep lacement   is  a  major  o p e r a t i n g   concern   for  t h e  

owners  and  o p e r a t o r s   of  such  equipment.   T h e r e f o r e ,   a  s u i t a b l e   c u t t e r  

must  be  capable   of  removing  hard  m a t e r i a l s ,   such  as  c o n c r e t e ,   as  w e l l  

as  the  more  e l a s t i c   m a t e r i a l s   such  as  a s p h a l t   w i t h o u t   n e e d i n g  

f r equen t   r ep l acemen t .   In  t h i s   connec t ion   i t   has  been  found  

advantageous   to  reduce  the  number  of  t e e t h   on  the  c u t t e r   drum  to  a  

des ign  optimum  in  order  to  dec rease   t o o t h   r e p l a c e m e n t   cos t s   as  w e l l  

as  to  dec rease   the  loss   of  k i n e t i c   energy  of  the  drum  when  the  t o t a l  

number  of  t e e t h   on  the  drum  b i t e   in to   the  m a t e r i a l   for   each  r o t a t i o n  

of  the  drum.  Although  wi th   less   t e e t h   on  the  drum  each  of  the  t e e t h  

w i l l   wear  f a s t e r ,   less   t e e th   w i l l   need  to  be  r e p l a c e d   o v e r a l l ,   p e r  
mile  of  roadway  cut,   than  in  a  des ign  employing  more  t e e t h .   P u t  

ano ther   way,  the  c u t t e r   drum  of  the  p r e s e n t   i n v e n t i o n   w i l l   cut  more 
s u r f a c e   area  per  number  of  t e e t h   r e p l a c e d   than  the  c u t t e r   drums  o f  

the  p r i o r   a r t .  

I t   was  a lso   found  advantageous  to  p rov ide   paddles   to  r e l i e v e   t h e  

c u t t e r   drum  and  guide  away  the  m a t e r i a l   which  has  been  cut  b e c a u s e  

t h i s   has  been  found  to  speed  up  the  r a t e   at  which  the  c u t t i n g   o r  

s t a b i l i z i n g   ope ra t i on   can  take  p l ace .   Moreover,   i t   has  also  b e e n  

found  advantageous  to  provide   c u t t e r   t e e t h   angled   over  the  edge  o f  

the  c u t t e r   drum  assembly  to  p r o t e c t   the  s ides   of  the   c u t t e r   drum  a s  

well   as  to  reduce  the  wear  r a t e   of  the  c u t t e r   t o o t h   mounting  b l o c k s  

or  s o c k e t s .  



According  to  the  i n v e n t i o n   t h e r e   is  p rov ided   an  e a r t h   working  mach ine  

for  comminuting  the  upper  l aye r   of  an  u n d e r l y i n g   s u r f a c e ,   the  mach ine  

having  a  c h a s s i s   suppor ted   on  the  s u r f a c e ,   c h a r a c t e r i s e d   by  a  r o t o r  

assembly  i n c l u d i n g   a  drum  r o t a t a b l y   mounted  on  the  chass i s   with  a  

p l u r a l i t y   of  c u t t e r   b i t   a s s emb l i e s   secured  to  the  outer   p e r i p h e r y   o f  

said  drum  and  ex tending   t h e r e f r o m ,   and  power  means  ope rab le   to  r o t a t e  

sa id   drum  at  an  angu la r   v e l o c i t y   s u f f i c i e n t   to  c r e a t e   a  k i n e t i c  

energy  for  the  r o t o r   assembly  g r e a t e r   than  app rox ima te ly   117  J/cm  o f  

drum  w i d t h .  

Some  embodiments  of  the  i n v e n t i o n   are  d e s c r i b e d   below,  by  way  o f  

example,  with  r e f e r e n c e   to  the  accompanying  drawings,   w h e r e i n : -  

F igure   1  is  a  p e r s p e c t i v e   view  of  an  e a r t h   working  machine  on  w h i c h  

the  c u t t e r   drum  may  be  moun ted ;  

F igure   2  is  an  en l a rged   s ide   view,  p a r t i a l l y   broken  away,  of  a  c u t t e r  

drum  p o r t i o n   of  the  machine  in  Figure   1 ;  

Figure   3  is  a  f ron t   e l e v a t i o n a l   view  of  the  c u t t e r   drum  of  Figure  2 ;  

Figure  4  is  a  p l a n a r   development  of  the   c y l i n d r i c a l   su r face   of  t h e  

c u t t e r   drum  showing  the  c u t t e r   b i t   and  paddle   weldment  p l a c e m e n t ;  

F igure   5  is  an  en la rged   f ron t   e l e v a t i o n a l   view  of  an  end  p o r t i o n   o f  

the  c u t t e r   drum  of  Figure   3 ;  

F igure   6  is  a  s ide  view  of  the  c u t t e r   drum  of  Figure  5 ;  

Figure  7  is  an  en la rged   s ide  view  in  p a r t i a l   c r o s s - s e c t i o n   of  a  

c u t t e r   b i t   assembly  of  the  c u t t e r   drum  of  Figure   3  having  a  r o t a t a b l e  

c u t t e r   b i t ;  



Figure   8  is  a  s ide  view  in  p a r t i a l   c r o s s - s e c t i o n   of  the  c u t t e r   b i t  

a s s e n b l y   of  Figure  7  with  a  n o n - r o t a t a b l e   type  of  c u t t e r   b i t ;  

F igure   9  is  a  plan  view  of  the  c u t t e r ,  b i t   assembly  of  F igure   7;  a n d  

F igure   10  is  an  en la rged   p e r s p e c t i v e   view  of  a  paddle   of  the  c u t t e r  

drum  of  Figure   3 .  

The  p r e s e n t   i n v e n t i o n   may  be  used  wi th   a  wide  v a r i e t y   of  e a r t h  

working  machines  such  as  roadway  p l a n e r s ,   so i l   s t a b i l i z e r s   o r  

c u l t i v a t i n g   machines  of  va r ious   d i f f e r e n t   c o n f i g u r a t i o n s .   One  s u c h  

s o i l   s t a b i l i z e r   machine  is  d i s c l o s e d   in  United  S t a t e s   P a t e n t   No. 

3 ,795 ,279   i s sued   on  5th  May,  1974  to  Nelson.   By  way  of  i l l u s t r a t i o n ,  

and  not  i n t ended   to  l i m i t   the  p r e s e n t   i n v e n t i o n ,   one  s o i l   s t a b i l i z e r  

machine  w i t h   which  the  high  k i n e t i c   energy  c u t t e r   drum  of  the  p r e s e n t  

i n v e n t i o n   may  be  used  w i l l   be  desc r ibed   with  r e f e r e n c e   to  F igure   1 .  

The  machine  inc ludes   a  main  frame  or  chass i s   21  having  two  p r e f e r a b l y  

rubber   t i r e d   r e a r   t r a c t i o n   wheels  23.  Two  p r e f e r a b l y   rubber   t i r e d  

s t e e r a b l e   f ron t   wheels  25  are   a lso   provided  for  the  c h a s s i s   2 1 .  

Mounted  on  the  chass is   21  are  an  i n t e r n a l   combustion  engine  or  o t h e r  

s u i t a b l e   power  p lan t   27  and  an  ope ra to r   c o n t r o l   conso le   29.  An  e a r t h  

working  un i t   31  is  l oca t ed   at  the  r e a r   of  the  c h a s s i s   21  and  i s  

connected   t h e r e t o   by  a  draw  bar  33.  The  e a r t h   working  u n i t   31  may 

perform  the  func t ion   of  comminuting  the  top  s u r f a c e   of   a  r o a d w a y  

b e f o r e   r e s u r f a c i n g .   A l t e r n a t i v e l y ,   the  e a r t h   working  un i t   31  may  b e  

used  to  mix  the  top  su r face   of  a  s o i l ,   perhaps  wi th   a d d i t i v e s ,   t o  

s t a b i l i z e   the  s o i l .  

Inc luded  in  the  s t a b i l i z e r   un i t   31  is  a  h o r i z o n t a l l y   d i sposed   c r o s s  
tube  35  which  is  r i g i d l y   connected  to  a  pa i r   of  spaced  a p a r t  



r e a r w a r d l y   ex tend ing   l i f t i n g   arms  37  between  which  a  h o r i z o n t a l l y  

d i sposed   r o t a t a b l e   c u t t e r   drum  39  (not  v i s i b l e   in  Figure  1,  but   s e e  

F igure   2)  is  mounted.  The  cross   tube  35  (Figure   1)  is  r o t a t a b l y  

suppor t ed   on  a  suppor t   41  which  is  secured   to  the  chass i s   2 1 .  

P r e f e r a b l y   the  c u t t e r   drum  39  is  r o t a t e d   c lockwise   as  seen  in  F i g u r e  

1  by  h y d r a u l i c   motors  49  which  are  r i g i d l y   mounted  on  the  l i f t i n g  

arms  37.  The  c u t t e r   drum  39  may  be  r a i s e d   or  lowered  by  c o n v e n t i o n a l  

h y d r a u l i c   a c t u a t o r s   (not  i l l u s t r a t e d )   of  a  suspens ion   system  to  t h e  

d e s i r e d   c u t t i n g   depth.   I f   d e s i r e d ,   the  suspens ion   system  may  a l s o  

p rov ide   for  t r a n s v e r s e   or  l a t e r a l   ad jus tmen t   of  the  c u t t e r   drum 

r e l a t i v e   to  the  c h a s s i s   21.  A  screen  61  may  a lso   be  p rov ided   b e h i n d  

the  c u t t e r   drum  39,  i f   d e s i r e d ,   to  sweep  l a r g e r   chunks  of  m a t e r i a l  

back   to  the  drum  for  f u r t h e r   comminut ion .  

With  r e f e r e n c e   now  to  Figure   2,  the  c u t t e r   drum  39  i nc ludes   a  l a r g e  

tube  70  f a b r i c a t e d   by  r o l l i n g   p r e f e r a b l y   out  of  a  250mm  t h i c k   p l a t e  

of  a  hard ,   wear  r e s i s t a n t ,   m a t e r i a l .   S tee l   is  one  example  of  such  a  

m a t e r i a l .   Of  course ,   any  o ther   m a t e r i a l   which  is  able  to  take  t h e  

s t r a i n   of  hard  wear,  and  has  a  high  mass  d e n s i t y ,   would  a l so   b e  

s u i t a b l e .   The  tube  70  is  machined  down  to  approx imate ly   190mm 

t h i c k n e s s   in  an  o p e r a t i o n   des igned  to  make  the  outer   s u r f a c e   of  t h e  

tube  c o n c e n t r i c .   In  one  p r e f e r r e d   embodiment,  a  d iameter   of  97.5cm 

is  u t i l i z e d   for  the  tube  70.  The  tube  70  in  the  p r e f e r r e d   embodiment  

has  a  l e n g t h   of  2m.  A  c u t t e r   c i r c l e   d i a m e t e r ,   t ha t   is  the  d i a m e t e r  

of  an  imaginary  c i r c l e   to  the  t ip   of  a  c u t t e r   160  of  each  of  a  

p l u r a l i t y   of  c u t t e r   b i t   a s sembl ie s   100,  for  the  above  drum  i s  

a p p r o x i m a t e l y   1.22m. 

The  tube  70  is   p rov ided   wi th   a  pa i r   of  side  p l a t e s   or  wal ls   75  t o  

0  form  the  s ides   of  the  drum  39.  A  stub  axle   77  is  secured  to  e a c h  

s ide   p l a t e   75  and  extends   into  a  r e s p e c t i v e   r o l l e r   bea r ing   79  t o  



r o t a t a b l y   support   the  c u t t e r   drum  39.  P r e f e r a b l y ,   at  l e a s t   a  s t a t i c  

b a l a n c e   check  is  run  on  the  c u t t e r   drum  39  to  a s c e r t a i n   whether   i t   i s  

b a l a n c e d   and  one  or  more  ba l ance   weights   81  may  be  added  to  the  s i d e  

p l a t e s   75,  a f t e r   the  c u t t e r   b i t   a ssembl ies   100  have  been  secured  t o  

the  drum  39,  i f   neces sa ry .   The  ba lance   weights  81  compensate  f o r  

we igh t   unbalances  of  the  c u t t e r   drum  39  so  t h a t   i t   does  not  v i b r a t e  

du r ing   i t s   r o t a t i o n .  

With  r e f e r e n c e   now  to  F igure   3,  a  t o t a l   of  154  c u t t e r   b i t   a s s e m b l i e s  

100,  each  having  one  b i t   or  t oo th   160,  are  p r e f e r a b l y   p rovided   on  a  

1.22m  c u t t e r   c i r c l e   d iameter   drum  39.  The  s ize   of  the  b i t   a s s e m b l i e s  

100  wi th   r e spec t   to  the  drum  39  in  Figure  3  is  e x a g g e r a t e d   somewhat 

for  c l a r i t y .   Of  course ,   a  l a r g e r   or  smal ler   number  of  b i t s   or  t e e t h  

160  may  be  provided  on  the  drum  39  as  de s i r ed   or  as  found  to  b e  

advan tageous   in  a  p a r t i c u l a r   use  of  the  c u t t e r   drum.  N a t u r a l l y ,   i f  

the   c u t t e r   c i r c l e   d iameter   is  d i f f e r e n t   or  the  drum  width  i s  

d i f f e r e n t   a  d i f f e r e n t   number  of  b i t s   w i l l   have  to  be  used.   A 

p l u r a l i t y   of  paddles  200  is  a lso   provided  to  d i s p l a c e   the  comminuted 

pavement  or  so i l   away  from  the  c u t t e r   b i t   a s sembl i e s   100 .  

I t   has  been  found  tha t   the  more  b i t s   t he re   are  on  the  drum  the  more 

even  a  plane  can  be  cut  in  the  ground  su r f ace   by  the   drum.  W i t h  

fewer  b i t s ,   the  drum  wi l l   have  a  tendency  to  only  cut  grooves  in  t h e  

ground  su r face   and  r idges   w i l l   remain  between  the  grooves .   On  t h e  

o t h e r   hand,  with  a  l a rge r   number  of  b i t s   t he re   a re   on  the  drum,  t h e  

more  s lowly  the  drum  tu rns   when  dr iven  by  the  same  horsepower   m o t o r  

s i nce   the  drum  is  slowed  by  the  impact  of  each  b i t   w i th   the  g round  

s u r f a c e .   As  the  drum  r o t a t e s   more  s lowly,   the  e n t i r e   c u t t i n g  

o p e r a t i o n   is  slowed,  which  is  d i s a d v a n t a g e o u s .   Thus  the  i d e a l  

b a l a n c e   would  be  the  fewest  number  of  b i t s   n e c e s s a r y   to  cut  a  f u l l  

w i d t h   on  center   of  the  drum  in  the  ground  su r f ace   but  w i t h   o n l y  



one  b i t   c u t t i n g   at  each  po in t   along  the  w id th   of  the  drum.  In  t h i s  

way  no  uncut   r idges   are  c r e a t e d   in  the  ground  s u r f a c e   and  a l so   t h e  

drum  is  not  e x c e s s i v e l y   s l o w e d .  

I d e a l l y ,   i t   should  only  be  n e c e s s a r y   to  make  one  t r i p   over  the  g round  
s u r f a c e   to  a d e q u a t e l y   comminute  or  s t a b i l i z e   the  s u r f a c e .   With  many 
e a r t h   working  machines ,   however,  more  than  one  t r i p   may  b e  

n e c e s s a r y .   After   the  mach ine ' s   passage   the  ground  su r f ace   is  t e s t e d  

and  a  p r ede t e rmined   pe r cen t age   of  the  comminuted  m a t e r i a l   has  to  p a s s  
th rough   a  p r ede t e rmined   s ize   screen   to  i n d i c a t e   t h a t   a d e q u a t e  

comminution  has  taken  p l a c e .   With  the  drum  of  the  p r e s e n t   i n v e n t i o n  

the  comminution  of  the   ground  s u r f a c e   can  take  p lace   wi th   fewer,  a n d  

f a s t e r ,   t r i p s   over  the  same  ground  s u r f a c e .  

With  r e f e r e n c e   now  to  Figure  4,  the   r o t o r   weldment  d i s c l o s e s  

p o s i t i o n s   of  the  paddles   200  and  c u t t e r   b i t s   160  around  t h e  

c i r c u m f e r e n c e   of  the  drum  39.  As  ment ioned,   in  one  p r e f e r r e d  

embodiment  154  b i t s   are  p rov ided   on  the  drum  39  a l though   more  or  l e s s  

b i t s   may  be  used  as  d e s i r e d   or  n e c e s s i t a t e d   by  c i r c u m s t a n c e s .   I n  

t h i s   p r e f e r r e d   embodiment,  no  l ess   than  one  b i t   160  and  no  more  t h a n  

t h r e e   b i t s   are  provided  on  any  f ive   degree  s e c t i o n   of  the  drum,  a s  

ev idenced   in  F igure   4.  The  b i t s   are   p laced   in  a  g e n e r a l l y   random 

p a t t e r n   but  so  t h a t   for  one  r o t a t i o n   of  the   drum  only  one  b i t   w i l l  

cut  along  each  increment   of  wid th   along  the  drum  whi le   s t i l l   c u t t i n g  

evenly  in to   the  ground  s u r f a c e .   Also,   the  b i t s   are  so  placed  t h a t  

the  r o t a t i o n a l   ba lance   of  the  drum  39  is  m a i n t a i n e d .   Of  course ,   t h e  

c u t t e r   drum  39  could  be  des igned  to  have  a  c u t t i n g   c i r c l e   d iameter   o f  

1.5m  or  l a r g e r   i f   so  d e s i r e d .   A l t e r n a t i v e l y ,   the  c u t t i n g   c i r c l e  

d iamete r   can  be  reduced  to  a p p r o x i m a t e l y   0.75m  or  l ess   i f   d e s i r e d .  



The  p a t t e n   of  the  t e e t h   or  c u t t e r   b i t s   160  may  vary  with  t h e  

a p p l i c a t i o n ,   the  m a t e r i a l   to  be  cut  or  o ther   c o n s i d e r a t i o n s .  

G e n e r a l l y ,   the  p a t t e r n   is  s u b j e c t   to  th ree   c o n s i d e r a t i o n s .   F i r s t ,  

t h e r e   must  be  a  dynamic  b a l a n c e   for  the  drum  39.  Secondly,   t h e r e  

should   not  be  any  auger ing   of  the  comminuted  m a t e r i a l   by  the  c u t t e r  

b i t s   160  as  th i s   reduces  the  e f f i c i e n c y   of  c u t t i n g .   Th i rd ly ,   t h e  

number  of  b i t s   digging  at  the  same  time  should  be  l i m i t e d .   The 

number  of  b i t s   digging  at  the  same  time  depends  on  the  depth   of  c u t .  

With  a  2m  wide  drum  and  a  depth   of  cut  of  36cm,  a  drum  arc  o f  

a p p r o x i m a t e l y   800  (or  20%  of  the  c i r cumference   of  the  drun)  w i l l   b e  

in  c o n t a c t   with  the  ground  s u r f a c e .   With  a  drum  having  154  b i t s ,  

a p p r o x i m a t e l y   35  b i t s   w i l l   be  in  ground  c o n t a c t .   Normally,  the  d e p t h  
of  cut  wi l l   be  a p p r o x i m a t e l y   18cm,  and  a p p r o x i m a t e l y   10%  of  the  b i t s  

on  the  drum  wi l l   be  in  c o n t a c t   wi th   the  ground  s u r f a c e .   In  t h i s  

case ,   for  a  2m  wide  drum  having  154  b i t s   a p p r o x i m a t e l y   15  to  20  b i t s  

w i l l   be  in  ground  c o n t a c t .   Normally,  i t   is  d e s i r a b l e   to  have  a  

p a t t e r n   in  which  two  or  more  b i t s ,   e q u i d i s t a n t   from  each  end  of  t h e  

drum,  are  engaging  the  g r a n d   su r face   at  a l l   t imes  to  ba lance   o r  
d i s t r i b u t e   the  loading  on  the   drum  and  i t s   b e a r i n g s .  

P r e f e r a b l y ,   the  c u t t i n g   drum  39  is  so  dimensioned  tha t   the  c u t t i n g  

p o i n t s   of  a l l   of  the  c u t t e r   b i t s   160  are  d i sposed   e q u i d i s t a n t l y   f rom 

a  r o t a t i o n a l   axis  95  (see  F i g u r e   2)  of  the  drum.  This  insures   t h a t  

the  c u t t i n g   poin ts   de f ine   a  uni fonn  l ine   of  c u t t i n g   p a r a l l e l   to  t h e  

axis   of  the  drum.  This  uniform  l ine   is  l oca t ed   at  the  deepes t   p l a n e  
reached   in  the  ground  s u r f a c e   by  the  c u t t i n g   p o i n t s   as  the  drum  39  i s  

r o t a t e d .   The  c u t t i n g   l i ne   becomes  a  c u t t i n g   p lane   as  the  r o t a t i n g  
drum  39  is  t r a n s l a t e d   forward  on  the  chass is   21 .  



With  the  d iameter   of  the  r o t o r   or  c u t t e r   drum  39  being  in  the  r a n g e  
of  1  to  1.5m  and  i t s   wid th   being  2  to  2.4m  and  the  weight  of  t h e  

c u t t e r   drum  being  anywhere  from  1815  to  2720  Kg  and  c u t t e r   t e e t h   t i p  

v e l o c i t i e s   of  6.33  to  12 .7m/s ,   a  k i n e t i c   energy  of  at  l e a s t   2 0 . 3 k J  

may  be  ob t a ined .   The  des ign   speed  of  a  1.22m  diameter   drum  39  ( t h a t  

i s ,   d iameter   from  c u t t i n g   t i p   to  c u t t i n g   t i p )   is  app rox ima te ly   150rpm 

plus   or  minus  10rpm  and  the  des igned  torque  is  approx imate ly   8.15  t o  

9 .5kJ .   This  t r a n s l a t e s   i n to   a  k i n e t i c   energy  of  117  to  410  J/cm  o f  

drum  w i d t h .  

In  one  p r e f e r r e d   embodiment,  wi th   a  1.22m  t ip   d iameter   drum  having  a  

weight   of  2088Kg  and  an  average   speed  of  drum  r o t a t i o n   of  150rpm  w i t h  

a  motor  having  a  t o rque   of  7 .73kJ ,   the  k i n e t i c   energy  to  to rque   r a t i o  

(KE/T)  w i l l   be  4.8  to  1.  The  KE/T  r a t i o   may  be  anywhere  from  3  to  1 

to  10  to  1  but  is  i d e a l l y   3.5  to  1  to  5.5  to  1.  I f   the  r a t i o   is  t o o  

high  i t   becomes  d i f f i c u l t   to  manage  the  c u t t i n g   o p e r a t i o n   due  to  t h e  

s t r a i n s   put  on  the  c u t t e r   b i t   assembly.   Another  problem  wi th   a  h i g h  

KE/T  r a t i o   is  t h a t   t h i s   means  a  high  impact  force  for  the  c u t t e r   b i t s  

a g a i n s t   the  su r f ace   being  cu t ,   which,  i f   the  KE/T  r a t i o   is  too  h i g h ,  

w i l l   have  the  d i s l o d g e d   m a t e r i a l   f ly ing   f a s t   enough  to  i n j u r e   someone 

or  harm  the  machine  i t s e l f .   On  the  o ther   hand,  i f   the  KE/T  r a t i o   i s  

too  low  then  the  c u t t e r   drum  cannot  cut  t h rough   the  hard  s p o t s  
e n c o u n t e r e d .  

The  c u t t e r   drum  39  of  the  p r e s e n t   i n v e n t i o n   is  p rovided  wi th   a  h i g h  

to rque   which  is  n e c e s s a r y   to  d e l i v e r   a  l a rge   impact  to  d i s l o d g e   o r  

shear   tougher  m a t e r i a l   as  i t   is  encountered   by  the  c u t t e r   b i t s   160  o f  

the  c u t t e r   drum.  T h e r e f o r e ,   the  c u t t e r   drum  or  r o t o r   39  of  t h e  

p r e s e n t   i nven t ion   has  an  adequate   torque  c a p a c i t y   to  c o n t i n u o u s l y   c u t  

or  shear   m a t e r i a l s   from  a  road  bed,  for  example,  and  posses ses   a  h i g h  



enough  k i n e t i c   energy  to  d is lodge   and  crush  even  tougher   m a t e r i a l s .  

Such  tougher  m a t e r i a l s   are  f r equen t ly   encountered   in  r e c y c l i n g ,  

p lan ing   and  so i l   s t a b i l i z i n g   o p e r a t i o n s .   The  p re sen t   c u t t e r   drum  o r  

r o t o r   39  t h e r e f o r e   p o s s e s s e s   a  very  e f f i c i e n t   combinat ion  of  t o r q u e  

and  k i n e t i c   energy.   This  combination  of  torque  and  k i n e t i c   e n e r g y  
a v a i l a b l e   in  the  drum  39  means  that   the  c u t t e r   b i t s   160  are  p r o v i d e d  

wi th   high  t ip   v e l o c i t i e s   and  high  i n e r t i a   to  v e l o c i t y   c h a n g e s .  

Because  the  c u t t e r   drum  assembly  39  has  a  high  k i n e t i c   energy  f o r  

p u l v e r i z i n g   m a t e r i a l ,   the  c u t t e r   drum  can  do  rough  duty  c u t t i n g   which 

o the r   c u t t e r   drums  might  find  d i f f i c u l t   to  do,  i f   not  i m p o s s i b l e .  

Due  to  the  high  k i n e t i c   energy  of  the  r o to r   or  c u t t e r   drum  39,  i t   i s  

capable   of  c u t t i n g   tougher   ma te r i a l   than  s i m i l a r   comparably  powered 

drums.  Since  the  amount  of  work  done  to  shear  m a t e r i a l   from  a  r o a d  

bed  or  o ther   ground  s u r f a c e   for  a  fixed  r o t o r   width  and  depth  of  c u t  

and  for  a  f ixed  t r a v e l   d i s t a n c e   is  a  cons t an t ,   only  a  minimum  amount 

of  energy  is  expended  and  hence  a  smaller  motor  can  be  used  s ince  a  

minimum  loss  of  r o t o r   speed  o c c u r s .  

From  c l a s s i c a l   phys ics   i t   can  be  shown  t h a t :  

where  m  =  mass  of  the  drum  or  ro to r   (which  is  the  weight  of  the  r o t o r  

d iv ided   by  the  g r a v i t a t i o n a l   constant   g),  VTi  =  i n i t i a l   v e l o c i t y   o f  

c u t t i n g   too th   t i p ,   ω  =   angular   v e l o c i t y   (in  r ad ian   per  second)  rg  = 

r ad ius   of  g y r a t i o n ,   r t   =  t ip   r a d i u s ,   Vgi  =  i n i t i a l   v e l o c i t y   o f  

g y r a t i o n ,   and  I  =  moment  of  i n e r t i a   of  a  mass .  

s i n c e  I  =  m   r  



for  a  mass,  a  r a d i u s   of  g y r a t i o n   and  a  v e l o c i t y   of  g y r a t i o n   chosen  t o  

equal  a  c u t t e r   drum  a s s e n b l y .  

The  work  done  by  the  r o t o r   may  be  c a l c u l a t e d   as  a  f unc t ion   of  t h e  

loss   of  k i n e t i c   energy  by  the  drum: 

I f   the  masses  m  of  the  two  drums  are  the  same,  and  i f   the  r a d i i   o f  

g y r a t i o n   as  well   as  the  t i p   r a d i i   are  the  same,  and  for  a  f i x e d  

pe rcen t   slowdown  from  i n i t i a l   v e l o c i t y   for  each  drum  then  the  r a t i o  

of  work  done  may  be  s i m p l i f i e d   t o : .  

where  W =  work  done  by  the  drum  and  where  the  s u b s c r i p t   c  is  used  t o  

i n d i c a t e   the  competing  drum. 

It   can  be  seen  t h a t   r a t i o   of  work  done,  no rma l i zed   per  uni t   w id th   o f  

drum,  v a r i e s   as  the  square   of   the  r a t i o   of  t i p   v e l o c i t i e s .   Hence  i f  

the  r a t i o   of  t i p   v e l o c i t i e s   for  the  drum  of  the  p r e s e n t   i n v e n t i o n   t o  

the  competing  drum  is  a  r a t i o   of  two  to  one  the  r a t i o   of  work  done  i s  

four  to  one :  



I f   the  v e l o c i t i e s   vary  by  a  r a t i o   of  four  to  one,  the  r a t i o   of  work  

done  v a r i e s   by  s ix t een   to  o n e :  

With  the  c u t t e r   drum  39  of  the  p r e s e n t   i n v e n t i o n   l e s s   power  per   cm  o f  

cut  ( t ha t   is  to  say,  the  power  d e l i v e r e d   to  the  drum  39  d iv ided  b y  

the  wid th   of  the  drum)  can  be  d e l i v e r e d   to  the  c u t t e r   drum  a s  

compared  to  c o n v e n t i o n a l   c u t t e r   a s sembl i e s   whi le   yet   producing  t h e  

same  e f f i c i e n t   c u t t i n g   a c t i o n   t he reby   saving  energy.   Thus  the  c u t t e r  

drum  of  the  p r e s e n t   i n v e n t i o n   may  have  617  W/cm  of  cut  but   can  k e e p  

pace  w i th   another   drum  having  1088  W/cm  of  cut  and  cut  equa l ly   t o u g h  

m a t e r i a l .   Thus  a  motor  smal le r   than  would  be  capab le   of  a d e q u a t e l y  

powering  the  comparison  drum  w i l l   s t i l l   be  able   to  power  the   drum  39  

of  the  p r e s e n t   i n v e n t i o n .   In  the  above  example,  the   p r e s e n t  

i n v e n t i o n   has  a  c u t t e r   assembly  weight  of  a p p r o x i m a t e l y   2090  Kg  and  a  

c u t t e r   t e e t h   t i p   v e l o c i t y   of  9.6m/s  while   the  compar ison  drum  has  a  

weight  of  app rox ima te ly   1525  Kg  and  a  t i p   v e l o c i t y   of  5 . 4 m / s .  

The  drum  39  of  the  p r e s e n t   i n v e n t i o n   w i l l   a l so   p rov ide   a p p r o x i m a t e l y  

s i x t e e n   times  as  much  impulse  force  as  a  drum  of  equal   weight  b u t  

only  r o t a t i n g   one  f ou r th   as  f a s t .   I t   can  be  shown  from  dynamics  t h a t :  

where  FI  =  the  impulse  force  and  where  t  =   the  d u r a t i o n   of  t h e  

i m p u l s e .  



The  r a t i o   of  the  impulse  fo rces   of  the  drum  of  the  p r e s e n t   i n v e n t i o n  

to  a  competing  drum  would  then  b e :  

where  the  s u b s c r i p t   c  r e p r e s e n t s   in  each  i n s t ance   the  c o m p a r i s o n  

f i g u r e s   for  the  comparison  drum.  I f   the  masses  are  the  same  and  f o r  

a  f ixed   pe rcen t   slowdown  in  r o t o r   speed  of  each  r o t o r ,   the  e q u a t i o n  

may  be  s i m p l i f i e d   t o :  

With  a  r a t i o   of  four  to  one  in  the  v e l o c i t i e s   of  the  drum  of  t h e  

p r e s e n t   i n v e n t i o n   to  the  competing  drum,  the  time  d u r a t i o n   of  t h e  

impulses  should  a l so   vary  by  a  r a t i o   of  one  to  four.   That  i s ,   t h e  

competing  drum,  s ince  i t   is  only  moving  at  a  four th   of  the  speed  o f  

the  drum  of  the  p r e s e n t   i n v e n t i o n ,   w i l l   have  a  time  d u r a t i o n   o f  

impulse  approx ima te ly   four  t imes  as  long.  Thus  the  drum  39  of  t h e  

p r e s e n t   i n v e n t i o n   w i l l   have  an  impulse  force  app rox ima te ly   s i x t e e n  

times  the  s ize   of  the  impulse  force  of  the  competing  drum.  When  t h e  

b i t s   160  con tac t   the  ground  s u r f a c e   wi th   a  high  impulse  fo rce ,   t h e  

su r f ace   is  much  more  e a s i l y   comminuted  than  i f   i t   were  c o n t a c t e d   b y  

the  same  b i t   having  a  lower  impulse  f o r c e .  

With  r e f e r e n c e   now  to  F igure   5,  twen ty - four   of  the  t o t a l   number  o f  

c u t t i n g   b i t s   160  are  used  on  the  ends  of  the  drum  39  to  reduce  t h e  



wear  on  the  s ides  of  the  drum.  These  b i t s   160  a l so   inc rease   the  l i f e  

expec tancy   of  the  c u t t e r   b i t   a s sembl i e s   100.  Twelve  b i t s   160  a r e  

l o c a t e d   on  each  end  of  the  drum  wi th   the  b i t s   160  being  p r e f e r a b l y  

l o c a t e d   30o  apar t   from  each  o the r   around  the  c i r cumfe rence   of  t h e  

drum  39.  Of  course,   the  spac ing   of  the  angled  b i t s   160  may  be  v a r i e d  

as  is  d e s i r e d .  

The  edge  s t r u c t u r e   of  the  c u t t e r   drum  39,  has  an  upper  c u t t e r   b i t  

assembly  100  inc lud ing   a  c u b i c a l   b i t   b l o c k   pad  110.  For  the  f i r s t  

c u t t e r   b i t   assembly  100,  the  b i t   b lock   pad  110  has  a  top  s u r f a c e  

(upon  which  one  b i t   b lock  or  socket   120  is  secured)   p a r a l l e l   to  t h e  

bot tom  mounting  sur face   of  the  b lock   (as  in  c u t t e r   100).  Below  t h e  

upper  c u t t e r   100  is  a  second  c u t t e r   100'  which  has  an  angled  b i t  

b l o c k   pad  112.  The  angled  b i t   b lock   pad  112  is  at  approximate ly   200 

to  25°  angle   (as  in  c u t t e r   1 0 0 ' ) .   Below  the  second  c u t t e r   100'  is  a  

t h i r d   c u t t e r   100"  which  has  a  more  s t e e p l y   angled  b i t   b lock   pad  114 .  

The  f i n a l   b i t   b lock  pad  114  of  the  group  is  at  a  s t eeper   angle  o f  

a p p r o x i m a t e l y   40°  to  450  (as  in  c u t t e r   100") .   The  second  c u t t e r   b i t  

160'  p r o t e c t s   the  f i r s t   c u t t e r   b i t   160.  S i m i l a r l y ,   the  t h i r d   c u t t e r  

b i t   160"  p r o t e c t s   the  second  c u t t e r   b i t   160 ' .   Of  course,   any  o t h e r  

s u i t a b l e   angle  may  also  be  used  as  d e s i r e d .   Gene ra l ly ,   the  second  

c u t t e r   b i t   100'  should  only  be  angled  ou tward ly   h a l f   as  far   as  t h e  

t h i r d   c u t t e r   b i t   100"  to  p r o t e c t   the  t h i r d   c u t t e r   b i t .   I f   the  b i t s  

160  are  angled  too  much,  however,  they  b reak   of f   during  use.  On  t h e  

o the r   hand,  i f   the  b i t s   are  not  angled  far   enough,  the  edge  b i t  

b locks   120  as  well  as  the  edge  b i t   b lock   pads  110,  112,  114  are  worn  

away  dur ing   the  c u t t i n g   p r o c e s s .  



The  t h i r d   c u t t e r   b i t   160"  p r o t r u d e s   beyond  the  su r face   of  a  b i t   p a d  

or  socket   120  upon  which  i t   is  sea ted  and  the  c u t t e r   drum  or  t u b e  

edge  i t s e l f   to  r e l i e v e   the  r eg ion   between  the  r o t a t i n g   s u r f a c e   a n d  

the  uncut   s u r f a c e .   This  improves  the  l i f e   expec tancy   of  the  s o c k e t s  

from  m a t e r i a l   washout .   The  f e a t u r e   of  the  c u t t e r   b i t s   o r i e n t e d  

a n g u l a r l y   in  a  p r o g r e s s i v e   f a sh ion   of  the  p r e s e n t   i n v e n t i o n   has  b e e n  

found  to  be  p a r t i c u l a r l y   u s e f u l   in  reducing  r e s i s t a n c e   to  c u t t i n g  

when  making  cuts   whi le   n e g o t i a t i n g   turns   with  the  machine.  W i t h o u t  

the  angled  c u t t e r   b i t s   of  the  p r e s e n t   i n v e n t i o n ,   a  c o n v e n t i o n a l  

c u t t e r   drum  has  d i f f i c u l t y   in  n e g o t i a t i n g   turns   because   the  edges  o f  

the  drum  bind  a g a i n s t   the  uncut   s u r f a c e .  

As  ment ioned ,   t h e s e   t h r e e   kinds   of  b i t   ho lders   are  p r e f e r a b l y  

e q u i a n g u l a r l y   p o s i t i o n e d   around  the  c i r cumfe rence   of  the  r o t o r   o r  

drum  39  at  t h i r t y   degree   spacing  so  t h a t   four  se ts   of  t h r e e   c u t t e r  

b i t s   each  may  be  p rov ided   at  each  end  of  the  c u t t e r   drum  3 9 .  

N a t u r a l l y ,   any  o the r   sequence  of  b i t s   may  be  used  as  d e s i r e d .  

P r e f e r a b l y ,   the  b i t   b locks   120  used  the  edges  of  the  drum  39  are   h a r d  

faced  to  minimize  the  amount  of  wear  on  them.  The  b i t   b locks   120 

used  on  the  main  p o r t i o n   of  the  drum  39,  or  main  b l o c k s ,   do  not  n e e d  

to  be  hard  faced  but  may  be  i f   t h a t   is  thought   d e s i r a b l e .   The 

p r e sen t   p o s i t i o n i n g   of  b i t s   160  on  the  edge  of  the  c u t t e r   drum  3 9  

appears   to  o f f e r   the   optimum  arrangement   for  good  p r o d u c t i o n   and  good  
b i t   l i f e .  

With  r e f e r e n c e   now  to  F igure   7,  the  b i t   b lock   pads  110  are  s e c u r e d ,  

for  example  by  we ld ing ,   to  the  outer   pe r iphe ry   of  the  c u t t e r   drum 

39.  The  b i t   b locks   or  socke ts   120  are  then  each  secured ,   for  example  

by  welds  170,  to  the  pads  110.  The  type  of  b i t   b lock  120  which  i s  

p r e f e r a b l y   used  in  the  m u l t i - p u r p o s e   r e c y c l i n g   ro to r   or  drum  39  o f  

the  p r e s e n t   i n v e n t i o n   can  accommodate  two  kinds  of  c u t t e r   b i t s   1 6 0 .  



On  the   one  hand,  r o t a t i n g   b i t s   165,  p rov ided   w i t h   a  con ica l   c a r b i d e  

t i p   180  may  be  i n s e r t e d   in  an  opening  140  of  each  b i t   b lock  120.  The 

open ings   140  are  t y p i c a l l y   l o c a t e d   at  a  45°  angle   to  a  tangent   to  t h e  

drum  39  pe r iphe ry   at  the   l o c a t i o n   of  each  b i t   b l o c k   120.  Hence  t h e  

c e n t e r   l ine   of  the  b i t s   160  a re   a l so   at   a  45°  ang l e .   Although  t h e  

a n g l e   could,   of  course ,   be  o t h e r   than  450,  t h a t   angle   has  been  found  

to  be  most  advantageous  for  c u t t i n g   o p e r a t i o n s .   The  r o t a t i n g   b i t s  

165  have  a  c i r c u l a r   body  and  are  thus  able  to  r o t a t e   in  the  b i t   b l o c k  

1 2 0 .  

On  the  other   band  (with  r e f e r e n c e   now  to  F igu re   8) ,   a  f l a t   b i t   167 ,  

hav ing   a  n o n r o t a t a b l y   c a r b i d e   t ip   185  may  be  p rov ided .   The  f l a t   b i t  

b i t   167  is  p revented   from  r o t a t i o n   by  the  c o o p e r a t i o n   of  a  p r o t r u d i n g  

r e a r   e x t e n s i o n   168  of  the  b i t   167  wi th   an  inner   f l ange   or  s h o u l d e r  

150  in  the  opening  140  of  the  b i t   b lock   120.  The  r o t a t i n g   b i t s   165 

are   u s e f u l ,   p r e f e r a b l y ,   for  r e c y c l i n g   pavement  whereas  the  f l a t   b i t  

167  a re   use fu l   p r e d o m i n a t e l y   for  s o i l   s t a b i l i z i n g   o p e r a t i o n s .  

With  r e f e r e n c e   now  to  F igure   9,  i t   is  a lso   p r e f e r r e d   t ha t   the  b i t  

b l o c k s   120  are  angled  ou tward ly   from  a  cen te r   l i n e   C  of  the  drum  39  

(see  Figure   3)  causes  a  t o rque   imbalance  on  the   s ides   of  each  b i t  

thus   causing  b i t   r o t a t i o n   w i thou t   s ide  load  on  the  machine  and  t h e  

b e a r i n g s .   Such  outward  o r i e n t a t i o n   or  ang l ing   from  the  cen te r   l i n e  

of  the   drum  39  is  a p p r o x i m a t e l y   0.59  to  20.  In  the  p r e f e r r e d  

embodiment,   an  angle  of  a p p r o x i m a t e l y   10  of  outward  o r i e n t a t i o n   i s  

used  and  a l l   the  b i t   b locks   120  on  the  r i g h t   of   the  center   l ine   C  o f  

the   drum  39  (see  Figure  3)  are  angled  to  the  r i g h t   10  whereas  a l l   t h e  

b i t   b locks   to  the  l e f t   of  the  center   l i n e   C  are   angled  to  the  l e f t   b y  
1 0 .  



With  r e f e r e n c e   now  to  F igure   10,  the  c u t t e r   drum  39  is  p rov ided   w i t h  

a  p l u r a l i t y   of  paddles   200  for   moving  the  d i r t   or  p u l v e r i z e d   m a t e r i a l  

away  from  the  c u t t i n g   s u r f a c e   of  the  drum  39.  In  one  p r e f e r r e d  

embodiment  t w e n t y - f o u r   padd les   200,  with  approx ima te ly   two  p a d d l e s  

being  l o c a t e d   along  the  l e n g t h   of  the  c u t t e r   assembly  and  p l a c e d  

app rox ima te ly   20°  to  30°  a p a r t   a n g u l a r l y   are  provided  (see  the  r o t o r  

weldment  of  F igure   4).  Of  cou r se ,   more  paddles  200  or  l e s s   may  a l s o  

be  found  advan tageous   for  some  a p p l i c a t i o n s .   Each  paddle  200  i s  

secured  immedia te ly   in  f r o n t   of  a  c u t t e r   b i t   b lock   110,  for  example  

by  welds  205,  to  bo th   the  b i t   b lock   as  well  as  to  the  drum  s u r f a c e .  

The  paddle  200  may  be  welded  to  the  b i t   b lock   110  at  an  angle  i n  

order   to  dec rea se   the  s t r a i n s   on  the  drum  39  at  the  weld  of  the  b i t  

b lock   (see  F igure   6).   U s u a l l y ,   however,  the  paddles   200  a re   o r i e n t e d  

p e r p e n d i c u l a r l y   to  the  p e r i p h e r y   of  the   drum  39  in  order   to  more 

e a s i l y   d i r e c t   the  m a t e r i a l   away  from  the  drum  3 9 .  

These  paddles  200  act   to  r e l i e v e   the  c u t t e r   drum  39  and  the  c u t t e r s  

160  by  f l i p p i n g   the  a l r e a d y   cut  m a t e r i a l   over  the  drum  39  to  i t s   b a c k  

s ide   thus  p rov id ing   for  a  c l e a n e r   c u t t i n g   ac t ion   at  the  s h e a r i n g  

p lane .   The  paddles   a l so   reduce   wear  due  to  the  loose  m a t e r i a l   a r o u n d  

the  b i t   a s sembl ie s   100.  I t   has  been  found  t h a t   the  placement   o f  

paddles   200  around  the  c u t t e r   drum  39  in  the  p r e f e r r e d   embodiment 

i n c r e a s e s   p r o d u c t i o n   speeds  on  a  given  so i l   or  su r f ace   by  as  much  a s  

50%  to  100%. 

In  one  p r e f e r r e d   embodiment,  the  paddles   200  are  approx ima te ly   152mm 

long,  13mm  wide  and  50mm  h igh .   The  b i t   b lock  pads  110  may  be  c u b i c a l  

and  approx imate ly   50mm  on  a  s ide .   The  b i t   b locks   120  may  b e  

polygonal   and  a p p r o x i m a t e l y   38mm  wide  and  50mm  high  and  deep.  Of  

course ,   any  other   s ize   for  the  above  components  may  be  used  a s  

de s i r ed .   All   t h r e e ,   the  b i t   b lock   pad  110  the  b i t   b lock   120  and  t h e  



padd le   200  are  p r e f e r a b l y   made  of  a  hard,   a b r a s i o n - r e s i s t a n t   m a t e r i a l  

such  as  s t e e l .  



1.  1Ð  e a r t h   working  machine  for  comminuting  the  upper  layer  of  a n  

u n d e r l y i n g   su r face ,   the  machine  having  a  chass i s   supported  on  t h e  

s u r f a c e ,   c h a r a c t e r i s e d   by  a  r o t o r   assembly  inc lud ing   a  drum  (70) 

r o t a t a b l y   mounted  on  the  c h a s s i s   (21)  with  a  p l u r a l i t y   of  c u t t e r   b i t  

a s sembl i e s   (100)  secured  to  the  outer   pe r iphe ry   of  said  drum  (70)  and  

ex tend ing   theref rom,   and  power  means  (49)  operable   to  r o t a t e   s a i d  

drum  (70)  at  an  angular   v e l o c i t y   s u f f i c i e n t   to  c r e a t e   a  k i n e t i c  

energy  for  the  ro tor   assembly  g r e a t e r   than  approximate ly   117  J/cm  o f  

drum  w i d t h .  

2 .  A n   e a r t h   working  machine  as  claimed  in  Claim  1,  c h a r a c t e r i s e d  

in  t h a t   the  axis  or  r o t a t i o n   of  the  drum  (70),  in  use,  is  g e n e r a l l y  

p a r a l l e l   to  the  surface  of  the  e a r t h   and  is  g e n e r a l l y   p e r p e n d i c u l a r  

to  a  pa th   of  movement  of  the  e a r t h   working  machine,  the  c u t t e r   b i t  

a s s emb l i e s   (100)  are  a  p l u r a l i t y   of  main  b i t   b lock   pads  (110)  s e c u r e d  

to  the  outer   per iphery   of  the  drum  (70)  and  extending  r a d i a l l y  

t h e r e f r o m   with  an  upper  su r f ace   of  each  main  b i t   b lock  pad  (110) 

s u b s t a n t i a l l y   p a r a l l e l   to  the  pe r iphe ry   of  the  drum,  a  p l u r a l i t y   o f  

edge  b i t   block  pads  (112,  114)  secured  to  edge  po r t i ons   of  s a i d  

p e r i p h e r y   of  said  drum  and  ex tending   r a d i a l l y   the re f rom,   an  uppe r  
s u r f a c e   of  a  major i ty   of  said  edge  b i t   b lock   pads  being  angled  at  a n  

acute   angle  with  r e spec t   to  said  p e r i p h e r y ,   a  p l u r a l i t y   of  b i t   b l o c k s  

(120),  one  secured  to  said  upper  su r face   of  each  of  said  main  and  

edge  b i t   block  pads,  an  a p e r t u r e   (140)  extending  through  each  b i t  

b lock ,   and  a  p l u r a l i t t y   of  b i t s   (160),  one  p o s i t i o n e d   in  e a c h  

a p e r t u r e .  



3.  An  e a r t h   working  machine  as  c la imed  in  Claim  2,  c h a r a c t e r i s e d  

in  t h a t   a  p r ede t e rmined   number  of  b i t   b lock   pads  (112,  114)  and  

c o r r e s p o n d i n g   c u t t e r   b i t s   (160,  160 ' ,   160")  are  d i s t r i b u t e d   on  s a i d  

drum  outer   p e r i p h e r y   such  t ha t   each  b i t   w i l l   cut  along  a  

c o r r e s p o n d i n g   increment   of  width   of  the  drum,  the  p r e d e t e r m i n e d  

number  of  b i t s   being  s u f f i c i e n t   to  p rov ide   a  uniform  c u t t i n g   plane  a s  

the  drum  is  moved  forward  over  the  ground  su r f ace   whereby  only  a  

minimum  loss  of  r o t o r   speed  occurs  dur ing   the  c u t t i n g   process   as  t h e  

p r e d e t e r m i n e d   number  of  b i t s   c o n t a c t s   the  ground  s u r f a c e .  

4.  An  e a r t h   working  machine  as  c la imed  in  Claim  3,  c h a r a c t e r i s e d  

in  t h a t   a  number  of  sa id   p l u r a l i t y   of  main  b i t   b lock   pads  (112,  114) 

is  l o c a t e d   on  each  s ide   of  the  p lane   b i s e c t i n g   the  axis   of  the  drum 

and  are  angled  away  from  the  plane  towards  the  s ide  faces  of  s a i d  

d r u m .  

5.  An  e a r t h   working  machine  as  c la imed  in  Claim  4,  c h a r a c t e r i s e d  

in  t h a t ,   the  c u t t e r   b i t s   (165)  are  r o t a t a b l y   mounted  in  the  b i t  

b l o c k s   (120)  and  the  b i t s   (165)  r o t a t e   due  to  a  to rque   i m b a l a n c e  

caused   by  said  outward  angl ing   of  a  p l u r a l i t y   of  main  b i t   b lock   p a d s .  

6.  An  e a r t h   working  machine  as  c la imed  in  Claim  4,  c h a r a c t e r i s e d  

in  t h a t   the  c u t t e r   b i t s   (167)  are  f i x e d l y   mounted  in  the  b i t   b l o c k s  

( 1 2 0 ) .  

7.  An  e a r t h   working  machine  as  c la imed  in  Claim  3,  c h a r a c t e r i s e d  

in  t h a t   said  edge  b i t   b lock   pads  are  e q u i a n g u l a r l y   p o s i t i o n e d   a r o u n d  

sa id   c u t t e r   drum,  and  at  l e a s t   one  se t   of  t h r ee   edge  b i t   b lock   p a d s  

is   p rov ided ,   a  f i r s t   edge  b i t   b lock   pad  (110)  not  being  a n g l e d  

ou twa rd ly ,   a  second  edge  b i t   b lock   pad  (112)  being  angled  o u t w a r d l y  

in  the   range  of  20°  to  250  and  a  t h i r d   edge  b i t   b lock   pad  (114)  b e i n g  

ang led   outwardly  in  the  range  of  40o  to  4 5 0 .  



8.  An  e a r t h   working  machine  as  claimed  in  Claim  7,  c h a r a c t e r i s e d  

in  t h a t   f ou r th   se ts   of  t h r e e   edge  b i t   b lock   pads  each  are  provided  on  

each  edge  of  said  drum,  each  of  said  pads  being  spaced  by  30o  from  a n  

a d j a c e n t   p a d .  

9.  An  e a r t h   working  machine  as  claimed  in  Claim  3,  c h a r a c t e r i s e d  

in  t h a t   two  or  more  b i t s   (160),   which  are  e q u i d i s t a n t   from  each  end  

of  the  drum,  engage  the  ground  su r f ace   at  any  one  time  to  ba lance   t h e  

force   load ing   on  the  drum  and  i t s   b e a r i n g s .  

1 0 .  A n   e a r t h   working  machine  as  claimed  in  Claim  3,  c h a r a c t e r i s e d  

by  a  p l u r a l i t y   of  paddle  b a r s   (200)  secured  to  the  p e r i p h e r y   of  t h e  

drum  to  d i s p l a c e   comminuted  m a t e r i a l   away  from  the  drum. 

11.  An  e a r t h   working  machine  as  claimed  in  Claim  10,  c h a r a c t e r i s e d  

in  t h a t   the  paddle  bars   (200)  a re   p rov ided   in  p a i r s   l oca t ed   a t  

i n t e r v a l s   of  20°  to  30°  around  the  p e r i p h e r y   of  said  drum. 

12.  An  e a r t h   working  machine  as  claimed  in  Claim  3,  c h a r a c t e r i s e d  

by  at  l e a s t   one  ba lance   weight   (81)  secured  to  a  s ide  su r face   of  s a i d  

drum  (39)  to  compensate  for  weight  unbalances   of  said  drum  as  i t  

r o t a t e s .  

13.  An  e a r t h   working  machine  s u b s t a n t i a l l y   as  h e r e i n   des r ibed   w i t h  

r e f e r e n c e   to  the  accompanying  d r a w i n g s .  
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