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(54)  Apparatus  for  reducing  and  crushing  coarse  material 

(57)  An  apparatus  for  reducing  and  crushing  coarse 
material  comprises  at  least  two  rollers  (3,4)  in  side-by- 
side  substantially  parallel  relation  which  can  be  driven 
such  that  material  supplied  from  above  is  discharged 
downwards  between  the  rollers.  Provided  on  the  rollers 
are  ribs  which  effect  a  reduction  and  crushing  of  the 
material  supplied.  The  ribs  of  a  first  one  of  these  rollers 
(3)  are  formed  by  two  screw  threads  (8,9)  having  oppo- 
site  leads  for  conveying  material  that  is  fed  substantially 

centrally  above  the  rollers  laterally  outwards  in  either 
direction,  while  the  ribs  of  the  second  one  (4)  of  these 
rollers  are  formed  by  oval  disks  (10)  which  are  obliquely 
provided  around  the  roller  and  which,  when  the  roller  is 
driven,  perform  a  reciprocating  movement,  viewed  in 
axial  direction,  causing  a  shearing  and  clearing  move- 
ment  between  the  oval  disks  (1  0)  and  the  screw  threads 
(8,9). 
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Description 

[0001  ]  The  present  invention  relates  to  an  apparatus 
for  reducing  and  crushing  coarse  material,  comprising 
at  least  two  rollers  in  side-by-side  substantially  parallel  s 
relation  which  can  be  driven  such  that  material  supplied 
from  above  is  discharged  downwards  between  the  roll- 
ers,  on  which  rollers  ribs  are  provided  effecting  a  reduc- 
tion  and  crushing  of  the  material  supplied. 
[0002]  The  apparatus  is  in  particular  intended  for  w 
reducing  and  crushing  vegetable,  fruit  and  garden 
waste. 
[0003]  Such  apparatus  is  known  from  EU-A-0  081 
539.  In  the  apparatus  described  in  this  document,  the 
ribs  are  formed  by  a  screw  thread  provided  on  each  of  is 
the  rollers  and  the  rollers  are  driven  such  or  the  screw 
threads  are  provided  such  that  the  conveying  direction 
of  one  screw  thread  is  opposite  to  that  of  the  other 
screw  thread.  The  screw  threads  comprise  a  crushing 
edge.  These  crushing  edges  are  active  in  the  -  mutually  20 
opposite  -  conveying  directions  of  the  screw  threads 
and  engage  and  cut  the  material  to  be  reduced  and 
crushed  in  two  opposite  directions. 
[0004]  However,  the  object  of  the  invention  is  to  realize 
an  altogether  different  manner  of  reducing  and  crush-  25 
ing.  To  that  end,  in  accordance  with  the  invention,  the 
apparatus  as  described  in  the  preamble  is  character- 
ized  in  that  the  ribs  of  a  first  one  of  said  rollers  are 
formed  by  two  screw  threads  having  opposite  leads  for 
conveying  material  that  is  fed  substantially  centrally  30 
above  the  rollers  laterally  outwards  in  either  direction, 
and  the  ribs  of  the  second  one  of  said  rollers  are  formed 
by  oval  disks  which  are  obliquely  provided  around  the 
roller  and  which,  when  the  roller  is  driven,  perform  a 
reciprocating  movement,  viewed  in  axial  direction,  caus-  35 
ing  a  shearing  and  clearing  movement  between  the  oval 
disks  and  the  screw  threads. 
[0005]  Through  the  use  of  these  rollers  it  is  effected 
that  the  relative  speed  between  the  ribs  of  the  two  roll- 
ers  in  axial  direction  varies  substantially.  When  the  two  40 
rollers  have  the  same  diameters  and  are  driven  at  a  suit- 
ably  selected  rotational  speed,  and  the  oblique  position 
of  the  oval  disks  on  the  second  roller  approximately  cor- 
responds  to  the  angle  which  the  tangent  to  a  screw 
thread  on  the  first  roller  makes  relative  to  a  plane  per-  45 
pendicular  to  the  longitudinal  direction  of  the  roller,  the 
relative  speed  between  the  ribs  on  the  two  rollers  in 
axial  direction  will  vary  from  about  zero  to  about  twice 
the  peripheral  velocity  of  the  rollers  at  a  specific  ratio  of 
the  lead  of  this  screw  thread  and  the  radius  of  the  roll-  so 
ers.  Hence,  the  reducing  and  crushing  action  of  the  roll- 
ers  is  not  constant.  A  kind  of  shearing  and  clearing 
movement  or,  in  other  words,  a  pulsating  shearing 
movement  is  realized  which  improves  in  particular  the 
reducing  effect  on  large  and  tough  fragments.  55 
[0006]  Although  the  direction  of  rotation  of  the  second 
roller  is  not  important  to  the  reciprocating  movement  of 
the  oval  disks  on  this  second  roller,  the  two  rollers  are 

nevertheless  preferably  driven  in  opposite  directions 
such  the  material  supplied  can  readily  be  conveyed 
downwards  between  the  rollers. 
[0007]  To  facilitate  the  breaking  of  larger  parts  of  the 
material  supplied,  cutting  elements  may  be  provided 
between  the  oval  disks  on  the  second  roller  and/or 
between  the  successive  revolutions  of  each  of  the  screw 
threads  on  the  first  roller.  In  view  of  wear  or  possible 
fracture,  it  is  favorable  when  the  cutting  elements  are 
arranged  so  as  to  be  replaceable.  To  prevent  the  cutting 
elements  from  all  being  loaded  at  the  same  time,  which 
may  result  in  an  undue  load  on  the  relevant  rollers,  the 
cutting  elements  may  be  staggered  tangentially  in  the 
longitudinal  direction  of  the  roller  or  rollers. 
[0008]  The  cutting  action  of  the  second  roller  can  fur- 
ther  be  improved  when  the  oval  disks  over  a  part  of  their 
circumference  have  a  curvature  which  deviates  such 
that  a  cutting  face  directed  to  the  center  of  the  disks  is 
formed.  To  prevent  these  cutting  faces  from  being 
loaded  simultaneously,  these  cutting  faces  may  be  stag- 
gered  for  the  successive  oval  disks.  In  particular,  these 
cutting  faces  are  provided  where  the  relative  speed  rel- 
ative  to  the  first  roller  is  zero. 
[0009]  To  obtain  a  further  reduction  and  crushing  of 
the  material  conveyed  between  the  first  and  second  roll- 
ers,  a  third  roller  is  present,  centrally  below  and  parallel 
to  the  first  and  second  rollers,  which  third  roller  cooper- 
ates  with  these  rollers.  This  third  roller  preferably  com- 
prises  round  disks  provided  straight  around  it  and 
partitions  arranged  between  these  disks  in  a  slightly  spi- 
ral  configuration.  These  disks  and  partitions  form  sec- 
tions  on  the  surface  of  the  third  roller,  in  which  sections 
the  material  is  confined,  while  material  projecting  from 
these  sections  is  further  reduced  and  crushed  in  coop- 
eration  with  blades  arranged  beside  this  third  roller.  In 
this  third  roller,  no  horizontal  transport  of  material  takes 
place.  Like  the  staggered  arrangement  of  the  cutting 
elements  on  the  first  and  second  rollers  and  the  stag- 
gered  cutting  faces  on  the  second  roller,  the  slightly  spi- 
ral  configuration  is  provided  to  prevent  the  partitions 
from  being  simultaneously  loaded  over  the  entire  length 
of  the  roller. 
[001  0]  In  accordance  with  another  facet  of  the  inven- 
tion,  the  speed  of  the  rollers  can  be  adjusted  back  when 
the  load  on  the  drive  mechanism  increases,  so  that 
overload  can  be  prevented.  Further,  the  direction  of 
rotation  of  at  least  the  first  and  second  rollers  can  be 
reversed  when  the  load  on  the  drive  mechanism  of  the 
rollers  exceeds  a  predetermined  value.  In  this  manner, 
stoppages  between  the  first  and  the  second  roller  can 
be  prevented. 
[0011]  The  invention  will  now  be  specified  with  refer- 
ence  to  the  accompanying  drawings.  In  these  drawings: 

Fig.  1  shows  a  longitudinal  section  of  the  apparatus 
according  to  the  invention; 
Fig.  2  shows  a  cross  section  of  the  apparatus 
shown  in  Fig.  1  ; 
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Fig.  3  is  a  top  plan  view  of  this  apparatus; 
Fig.  4  is  a  bottom  view  of  the  apparatus;  while 
Fig.  5  shows  a  detail  of  the  second  roller  in  this 
apparatus. 

5 
[001  2]  The  apparatus  shown  in  the  Figures  comprises 
a  rectangular  housing  1  in  which  three  mutually  parallel 
rollers  3,  4  and  5  are  arranged  between  funnel-shaped 
inner  walls  2.  Provided  at  the  top  side  of  the  housing  1 
is  a  feed-in  funnel  6.  Located  at  the  bottom  side  of  the  10 
apparatus  is  a  feed-out  funnel  formed  by  the  lower  por- 
tion  of  the  inner  walls  2,  whereby  the  reduced  and 
crushed  material  can  be  dumped  onto  a  discharge  con- 
veying  belt  (not  shown). 
[001  3]  In  this  example,  the  rollers  3,  4  and  5  are  driven  is 
by  means  of  hydromotors  7  controlled  from  a  hydraulic 
unit  (not  shown)  disposed  elsewhere.  This  unit  is  built 
up  from  an  electromotor  mounting  a  pump  distribution 
box  having  four  hydraulic  pumps,  each  pump  incorpo- 
rated  into  a  closed  system;  one  pump  for  each  of  the  20 
upper  rollers  3  and  4  and  two  pumps  which  jointly  pro- 
vide  the  drive  of  the  lower  roller  5. 
[0014]  In  the  direct  environment  of  the  apparatus,  a 
control  box  (not  shown)  having  a  computer,  monitor  and 
keyboard  (PLC  -  "programmable  logic  control"  with  dis-  25 
play)  is  installed.  On  the  monitor,  the  main  process  data 
can  be  displayed.  The  apparatus  can  be  controlled  via 
the  keyboard  and  operates  fully  automatically.  However, 
the  possibility  for  a  manual  operation  remains  present.  If 
necessary,  the  process  parameters  can  be  modified  via  30 
the  keyboard. 
[0015]  The  (first)  roller  3  is  provided  with  ribs  formed 
by  two  screw  threads  8  and  9  having  opposite  leads  for 
conveying  material  that  is  fed  substantially  centrally 
above  the  rollers  laterally  outwards  in  both  directions.  35 
The  (second)  roller  4  is  provided  with  ribs  formed  by 
oval  disks  10  which  are  obliquely  provided  around  the 
roller  4  and  which,  when  the  roller  4  is  driven,  perform  a 
reciprocating  movement,  viewed  in  axial  direction.  The 
oval  disks  10  are  arranged  at  such  an  angle  and  are  of  40 
such  eccentricity  that  the  enveloping  line  is  formed  by  a 
cylinder  having  a  circular,  straight  section.  In  the 
present  exemplary  embodiment,  the  angle  §  at  which 
the  oval  disks  10  are  arranged  is  approximately  equal  to 
the  angle  which  the  tangent  to  the  screw  threads  on  the  45 
roller  3  makes  relative  to  a  straight  section.  Moreover, 
the  radius  R  of  the  two  rollers  3  and  4  is  here  chosen  to 
be  equal;  R=25  cm.  Further,  when  the  rollers  3  and  4 
are  driven  at  an  angular  velocity  of  1  0  and  1  5  revolu- 
tions  per  minute  respectively,  and  the  ribs  on  the  two  so 
rollers  have  the  same  heights,  while  the  pitch  h  of  the 
screw  thread  is  48  cm,  the  relative  speed  V(rel)  in  axial 
direction  between  the  rollers  3  and  4  relative  to  the 
speed  of  revolution  of  these  rollers  will  vary  from  0  to 
about  2.  55 
[001  6]  In  other  words,  material  is  laterally  displaced  by 
the  two  rollers  at  a  changing  speed,  while  the  reducing 
and  crushing  action  of  the  rollers  3  and  4  is  not  con- 
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stant,  either. 
[001  7]  In  the  present  exemplary  embodiment,  to  facil- 
itate  the  breaking  of  larger  parts  in  the  material  sup- 
plied,  cutting  elements  11  are  provided  between  the 
oval  disks,  which  cutting  elements  are  tangentially  stag- 
gered  in  the  longitudinal  direction  of  the  roller.  To  further 
improve  the  cutting  action  of  the  second  roller  4,  the 
oval  disks  10,  as  indicated  in  Fig.  5,  over  a  part  of  their 
circumference  have  a  curvature  12  which  deviates  such 
that  a  cutting  face  13  directed  to  the  center  of  the  disks 
is  formed.  These  cutting  faces  13  are  staggered  for  the 
successive  oval  disks  10. 
[0018]  The  third  roller  5  has  round  disks  14  provided 
straight  around  it  and  partitions  15  arranged  between 
these  disks  in  a  slightly  spiral  configuration.  Provided 
next  to  this  roller  5,  on  either  side  thereof,  is  a  blade  16 
for  further  reducing  and  crushing  material  projecting 
from  the  sections  1  7  formed  by  the  round  disks  1  4  and 
the  partitions  15. 
[0019]  The  operation  of  the  apparatus  is  as  follows. 
The  material  to  be  reduced  and  crushed  is  supplied  via 
the  feed-in  funnel  6  and  passed  down  between  the  roll- 
ers  3  and  4,  which  normally  rotate  towards  each  other  in 
the  feeding  direction,  the  material  being  cut  along  the 
top  edge  of  the  ribs  due  to  the  difference  in  axial  speed 
of  the  ribs  8,  9  and  10  on  the  rollers  3  and  4,  which  cut- 
ting  action  is  reinforced  by  the  cutting  elements  1  1  on 
the  roller  4  and  the  cutting  faces  1  3  on  the  oval  disks  1  0. 
When  the  relative  speed  in  axial  direction  between  the 
screw  thread  and  the  oval  disks  increases,  a  shearing 
action  is  created  between  the  screw  thread  and  the  oval 
disks.  When  this  relative  speed  decreases,  a  clearing 
movement  is  created.  During  this  clearing  movement, 
the  cutting  faces  13  and  the  cutting  elements  11  pass 
the  screw  thread,  so  that  an  additional  reduction  takes 
place.  The  torque  taken  up  by  the  roller  4  is  thus  distrib- 
uted  over  the  entire  circumference.  Next,  a  further 
reduction  and  crushing  takes  place  through  the  cutting 
action  of  the  movement  between  the  rollers  3  and  4  on 
the  one  hand  and  the  roller  5,  provided  thereunder,  on 
the  other.  This  involves  the  material  being  pressed  into 
the  sections  17,  after  which,  through  rotation  of  the 
roller  5  along  the  blades  16,  another  reduction  and 
crushing  takes  place.  Finally,  the  material  leaves  the 
apparatus  via  the  feed-out  funnel  on  the  bottom  side 
thereof. 
[0020]  In  the  event  of  an  overload  of  the  rollers  caused 
by  an  unduly  great  supply  of  material  or  unduly  large 
fragments,  the  speed  of  the  rollers  3  and  4  can  be 
adjusted  back.  By  measuring  the  load  permanently,  this 
back-adjustment  can  be  realized  automatically.  If  the 
load  exceeds  a  predetermined  value,  the  direction  of 
rotation  of  the  rollers  3  and  4  is  reversed.  This  may  of 
course  also  be  effected  automatically. 
[0021]  The  invention  is  by  no  means  limited  to  the 
embodiment  described  herein  with  reference  to  the  Fig- 
ures,  but  comprises  all  kinds  of  modifications  hereto  in 
so  far  as  they  fall  within  the  scope  of  the  following 
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claims.  For  instance,  in  particular  when  the  material  is  8.  An  apparatus  according  to  any  one  of  the  preceding 
already  sufficiently  small,  the  third  roller  need  not  nec-  claims,  characterized  in  that  centrally  below  and 
essarily  be  present.  Further,  for  instance  for  increasing  parallel  to  the  first  and  second  rollers,  a  third  roller 
the  reducing  and  crushing  action,  cutting  elements,  if  is  present  which,  in  cooperation  with  the  rollers 
necessary  tangentially  staggered,  may  also  be  provided  5  arranged  thereabove,  can  effect  a  further  reduction 
on  the  first  roller.  The  cutting  elements  mounted  on  the  and  crushing, 
top  roller  or  rollers  may  be  detachable,  enabling  them  to 
be  readily  replaced  when  they  break  down.  9.  An  apparatus  according  to  claim  8,  characterized  in 

that  the  third  roller  comprises  round  disks  provided 
Claims  10  straight  around  it  and  partitions  arranged  between 

said  disks  in  a  slightly  spiral  configuration. 
1.  An  apparatus  for  reducing  and  crushing  coarse 

material,  comprising  at  least  two  rollers  in  side-by-  10.  An  apparatus  according  to  claim  9,  characterized  in 
side  substantially  parallel  relation  which  can  be  that  next  to  the  third  roller,  blades  are  arranged  for 
driven  such  that  material  supplied  from  above  is  15  further  reducing  and  crushing  material  projecting 
discharged  downwards  between  the  rollers,  on  from  the  sections  formed  by  the  round  disks  and 
which  rollers  ribs  are  provided  effecting  a  reduction  partitions, 
and  crushing  of  the  material  supplied, 
characterized  in  that  the  ribs  of  a  first  one  of  said  1  1  .  An  apparatus  according  to  any  one  of  the  preceding 
rollers  are  formed  by  two  screw  threads  having  20  claims,  characterized  in  that  the  speed  of  the  rollers 
opposite  leads  for  conveying  material  that  is  fed  is  adjusted  back  when  the  load  on  the  drive  mecha- 
substantially  centrally  above  the  rollers  laterally  out-  nism  of  the  rollers  increases, 
wards  in  either  direction,  and  the  ribs  of  the  second 
one  of  said  rollers  are  formed  by  oval  disks  which  1  2.  An  apparatus  according  to  any  one  of  the  preceding 
are  obliquely  provided  around  the  roller  and  which,  25  claims,  characterized  in  that  the  direction  of  rotation 
when  the  roller  is  driven,  perform  a  reciprocating  of  at  least  the  first  and  the  second  roller  is  reversed 
movement,  viewed  in  axial  direction,  causing  a  when  the  load  on  the  drive  mechanism  of  the  rollers 
shearing  and  clearing  movement  between  the  oval  exceeds  a  predetermined  value, 
disks  and  the  screw  threads. 

30 
2.  An  apparatus  according  to  claim  1  ,  characterized  in 

that  cutting  elements  are  provided  between  the  oval 
disks  on  the  second  roller. 

3.  An  apparatus  according  to  claim  1  or  2,  character-  35 
ized  in  that  cutting  elements  are  provided  between 
the  successive  revolutions  of  each  of  the  screw 
threads  on  the  first  roller. 

4.  An  apparatus  according  to  claim  2  or  3,  character-  40 
ized  in  that  the  cutting  elements  are  provided  so  as 
to  be  replaceable. 

5.  An  apparatus  according  to  claim  2,  3  or  4,  charac- 
terized  in  that  the  cutting  elements  are  tangentially  45 
staggered  in  the  longitudinal  direction  of  the  roller 
or  rollers. 

6.  An  apparatus  according  to  any  one  of  the  preceding 
claims,  characterized  in  that  the  oval  disks  over  a  so 
part  of  their  circumference  have  a  curvature  which 
deviates  such  that  a  cutting  face  directed  to  the 
center  of  the  disks  is  formed. 

7.  An  apparatus  according  to  claim  6,  characterized  in  55 
that  the  cutting  face  is  staggered  for  the  successive 
oval  disks. 

claims.  For  instance,  in  particular  when  the  material  is  8. 
already  sufficiently  small,  the  third  roller  need  not  nec- 
essarily  be  present.  Further,  for  instance  for  increasing 
the  reducing  and  crushing  action,  cutting  elements,  if 
necessary  tangentially  staggered,  may  also  be  provided  5 
on  the  first  roller.  The  cutting  elements  mounted  on  the 
top  roller  or  rollers  may  be  detachable,  enabling  them  to 
be  readily  replaced  when  they  break  down.  9. 

Claims  10 

1.  An  apparatus  for  reducing  and  crushing  coarse 
material,  comprising  at  least  two  rollers  in  side-by-  10. 
side  substantially  parallel  relation  which  can  be 
driven  such  that  material  supplied  from  above  is  15 
discharged  downwards  between  the  rollers,  on 
which  rollers  ribs  are  provided  effecting  a  reduction 
and  crushing  of  the  material  supplied, 
characterized  in  that  the  ribs  of  a  first  one  of  said  1  1  . 
rollers  are  formed  by  two  screw  threads  having  20 
opposite  leads  for  conveying  material  that  is  fed 
substantially  centrally  above  the  rollers  laterally  out- 
wards  in  either  direction,  and  the  ribs  of  the  second 
one  of  said  rollers  are  formed  by  oval  disks  which  1  2. 
are  obliquely  provided  around  the  roller  and  which,  25 
when  the  roller  is  driven,  perform  a  reciprocating 
movement,  viewed  in  axial  direction,  causing  a 
shearing  and  clearing  movement  between  the  oval 
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