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Description 

This  invention  relates  to  pulverising  or  grinding 
mills  as  referred  to  in  the  preamble  of  claim  1.  Such 
mills  are  known  from  e.g.  EP-A-161943. 

EP-A-161943  describes  pulverising  or  grinding 
mills  having  grinding  elements  rolling  on  a  circular 
path  intermediate  a  rotating  lower  annular  track  or 
ring  and  a  fixed  upper  annular  track  or  ring,  the  lower 
annular  track  or  ring  seating  on  a  rotating  support  ta- 
ble  or  platform  having  a  planar  upper  face  and  having 
loading  means  arranged  to  act  on  the  upper  annular 
track  or  ring  to  urge  the  upper  annular  track  or  ring  to- 
ward  the  lower  track  or  ring,  and  hence  the  tracks  or 
rings  into  contact  with  the  grinding  elements,  and  an 
underface  of  the  lower  track  or  ring  formed  with  a 
landing  face  arranged  to  seat  on  the  planar  upper 
face  of  the  support  table  or  platform  and  having  a  por- 
tion  of  slightly  frusto-conical  form. 

EP-A-161943  describes  the  problem  arising  from 
the  development  of  such  mills  to  increased  size  and 
loading  in  which  there  was  found  an  increasing  ten- 
dency  for  the  lower  grinding  ring  to  fracture  in  config- 
urations  where  the  ring  rests  flat  on  the  support  table 
when  the  mill  is  at  rest  and  unloaded.  EP-A-161943 
describes  configurations  in  which  the  underface  of 
the  lower  grinding  ring  is  formed  with  a  hump  concen- 
tric  with  the  ring  such  that  the  moment  exerted  on  the 
lower  grinding  ring  as  a  result  of  the  loading  on  the 
grinding  elements  and  the  reactive  support  of  the  ta- 
ble  is  maintained  at  a  low  optimum.  However,  whilst 
this  is  a  satisfactory  solution,  forming  of  the  hump  re- 
quires  a  machining  operation  to  shape  the  hump  - 
which  can  be  expensive  and  cause  difficulties  to 
maintaining  accuracy  at  the  relatively  large  diameters 
involved. 

According  to  the  present  invention,  the  under- 
face  of  the  lower  track  or  ring  is  formed  with  a  landing 
face  of  slightly  frusto-conical  form,  extending  from  a 
radially  outer  edge  of  the  lower  track  or  ring  radially 
inwardly  across  the  width  of  the  underface  such  that, 
prior  to  applying  loading,  the  landing  face  contacts 
the  support  table  or  platform  at  the  radially  outer 
edge  and  that,  upon  loading,  the  landing  face  makes 
contact  with  the  support  table  or  platform  over  an  an- 
nular  area  inwardly  from  the  radially  outer  edge. 

Preferably,  the  underface  is  relieved  over  a  radi- 
ally  inner  portion  thereof  such  that  the  annular  area 
of  contact  is  positioned  such  that  the  resultant  line  of 
action  of  the  vector  of  the  loading  force  and  centrifu- 
gal  force  arising  from  movement  of  the  grinding  ele- 
ments  around  the  circular  path  passes  through  the 
annular  area  of  contact. 

The  invention  will  now  be  described,  by  way  of  ex- 
ample,  with  reference  to  the  accompanying,  partly  di- 
agrammatic  cross-section  of  a  portion  of  a  pulverising 
mill  utilising  steel  balls  as  grinding  elements  and  indi- 
cating  on  the  left  hand  side  a  standard  arrangement 

and  on  the  right  hand  side  a  modification  introduced 
by  the  invention. 

As  shown,  steel  balls  1  are  positioned  between  a 
fixed  upper  grinding  ring  2  and  a  rotating  lower,  grind- 

5  ing  ring  3  supported  upon  a  support  table  4  connected 
to  drive  means  5  by  which  the  table  is  rotated  about 
the  vertical  axis.  When  the  mill  is  unloaded  and  at 
rest,  the  upper  surface  of  the  support  table  4  is  hori- 
zontal.  Material  to  be  ground  is  discharged  through 

10  the  chute  6.  Aseal  (not  shown)  is  provided  around  the 
inner  edge  of  the  ring  3  to  prevent  the  ingress  of 
ground  pulverulent  material  to  the  space  between  the 
ring  3  and  the  table  4. 

In  the  standard  arrangement  (i.e.  the  arrange- 
rs  ment  that  is  illustrated  in  the  left  of  the  drawing)  the 

ring  3  rests  flat  on  the  support  table  4  when  the  mill 
is  at  rest  and  unloaded.  When  the  mill  is  operating, 
the  support  table  will  tilt  downwardly  at  its  outer  edge 
so  that  support  for  the  lower  ring  3  is  provided  only 

20  at  the  edge  A  of  the  ring  with  the  result  that  the  mo- 
ment  acting  there  on  the  ring  is  increased  since  it  is 
dependent  upon  the  distance  between  Aand  the  vec- 
tor  V  of  the  resultant  forces  acting  on  the  ring. 

The  essential  difference  between  the  standard 
25  arrangement  and  the  modified  arrangement  illustrat- 

ed  on  the  right  of  the  drawing  is  that  in  the  latter  con- 
figuration  the  underface  of  a  modified  lower  grinding 
ring  7  is  of  slightly  frusto-conical  form. 

The  lower  grinding  ring  is  produced  as  a  hard  iron 
30  casting  and  is  cast  such  as  to  form  an  arcuate  track 

8  on  an  upper  face  and  an  annular  landing  face  9  on 
a  relieved  underface  1  0  also  having  a  relieved  portion 
14  together  with  inner  and  outer  cylindrical  edge 
faces  11,12. 

35  The  casting  is  then  machined  on  the  cylindrical 
edge  faces  11  ,  12  to  centre  the  arcuate  track  8  with 
the  central  axis  of  the  mill  and  on  the  annular  landing 
face  9  in  order  to  seat  on  the  support  platform  or  table 
4.  Aminimum  of  metal  is  removed  from  the  underface 

40  sufficient  to  produce  a  clean,  full-width  landing  face 
9  across  the  underface  and  any  excess  thickness  re- 
moved  at  an  annular  shoulder  16  on  the  upper  face 
intermediate  the  arcuate  track  8  and  the  outer  cylin- 
drical  edge  12,  which  outer  shoulder  region  16  is 

45  merged  smoothly  with  the  arcuate  track  8  to  avoid  lo- 
calised  stress  concentration  in  the  associated  region. 
Similarly,  an  inner  nose  region  18  is  also  of  smoothly 
rounded  form  to  avoid  localised  stress  concentration 
in  the  associated  region,  since  normally  this  will  be 

so  the  region  of  greatest  stress  concentration  in  the 
grinding  ring  7,  particularly  from  any  residual  bending 
moments. 

In  machining  the  annular  landing  face  9  on  the 
underface  10,  a  slight  bias  is  made  toward  removing 

55  metal  from  a  radially  inner  portion  such  that  the  land- 
ing  face  9  has  a  slightly  frusto-conical  form.  By  way 
of  example,  on  a  grinding  ring  7  of  approximately  3 
metres  diameter  the  inner  portion  of  the  landing  face 
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9  is  displaced  by  a  distance  of  approximately  0.1  mil- 
limetre  toward  the  arcuate  track  from  a  plane  contain- 
ing  the  intercept  of  the  outer  cylindrical  edge  face  12 
and  the  radially  outer  portion  of  the  landing  face  9. 

The  displacement  is  such  that  upon  applying 
loading  L  to  the  mill,  a  corresponding  deflection  aris- 
es  in  a  radially  outer  portion  of  the  support  platform 
or  table  4  and  accordingly,  by  virtue  of  the  relieved 
portion  14  of  the  face,  annular  face  contact  between 
the  lower  grinding  ring  7  and  the  support  platform  or 
table  4  is  achieved  in  the  loaded  state  over  an  annular 
region  displaced  somewhat  outwardly  of  the  imagin- 
ary  cylinder  containing  the  centes  of  the  balls  1  in  or- 
der  to  accommodate  the  effect  of  centrifugal  force  F 
on  the  balls  giving  rise  to  a  resultant  force  acting  on 
a  vector  V  at  a  slight  outward  angle  to  the  vertical. 

Asa  result  of  the  annular  face  contact  under  load- 
ing,  stress  arising  from  the  loading  and  the  grinding 
operation  tends  to  be  distributed  more  evenly  in  the 
grinding  ring  as  opposed  to  a  mill  in  which  the  under- 
face  of  the  lower  grinding  ring  is  initially  planar,  since 
in  such  an  arrangement,  as  an  outer  portion  of  the 
support  platform  or  table  deflects,  reduced  contact 
between  the  lower  grinding  ring  and  the  support  plat- 
form  or  table  occurs,  thereby  adversely  affecting  the 
stress  distribution  pattern. 

In  addition,  it  will  be  appreciated  that,  by  making 
the  relieved  portion  14  of  appropriate  radial  dimen- 
sion,  the  intercept  of  the  resultant  force  vector  arising 
from  the  loading  of  the  steel  balls  1  and  the  centrifu- 
gal  force  arising  from  rotation  of  the  balls  about  the 
central  axis  of  the  mill  with  the  underface  10  of  the 
lower  grinding  ring  7  may  be  arranged  to  co-incide 
with  the  annular  face  of  contact  between  the  lower 
grinding  ring  7  and  the  support  table  4.  Thus,  if  the 
vector  V  and  the  annular  face  of  contact  coincide  or 
substantially  coincide,  no  or  little  resultant  radial 
bending  moment  is  imposed  on  the  lower  grinding 
ring  since  there  is  no  or  little  displacement  of  the  sup- 
port  for  the  ring  from  the  vector  V  and  hence  no  or  lit- 
tle  bending  moment  is  generated. 

The  arcuate  tracks  20  and  8  in  the  upper  and  low- 
er  rings  2  and  7  have  a  slightly  greater  radius  of  cur- 
vature  than  the  radius  of  the  balls  1  or,  alternatively, 
are  formed  with  an  annular  flat  at  a  central  portion 
flanked  by  arcuate  portions,  to  permit  a  slight  oscilla- 
tion  in  the  movement  of  the  balls  around  the  track. 
However,  as  indicated  in  the  foregoing,  since  an  an- 
nular  face  of  contact  exists,  whilst  the  position  of  the 
force  vector  V  will  oscillate  with  the  oscillation  of  the 
balls,  no  undue  bending  moment  will  be  imposed  on 
the  lower  grinding  ring  by  virtue  of  the  oscillation  on 
the  location  of  the  support  of  the  ring. 

Claims 

1  .  A  pulverising  or  grinding  mill  having  grinding  ele- 

ments  (1)  rolling  on  a  circular  path  intermediate 
a  rotating  lower  annular  track  or  ring  (7)  and  a 
fixed  upper  annular  track  or  ring  (2),  the  lower  an- 

5  nular  track  or  ring  (7)  seating  on  a  rotating  sup- 
port  table  or  platform  (4)  having  a  planar  upper 
face  and  having  loading  means  arranged  to  act 
on  the  upper  annular  track  or  ring  (2)  to  urge  the 
upper  annular  track  or  ring  (2)  toward  the  lower 

10  track  or  ring  (7),  and  hence  the  tracks  or  rings  (2, 
7)  into  contact  with  the  grinding  elements  (1),  an 
underface  (10)  of  the  lower  track  or  ring  being 
formed  with  a  landing  face  (9)  arranged  to  seat 
on  the  planar  upper  face  of  the  support  table  or 

15  platform  (4)  and  having  a  portion  of  slightly  frus- 
to-conical  form,  characterised  in  that  the  under- 
face  (10)  of  the  lower  track  or  ring  (7)  is  formed 
with  a  landing  face  (9)  of  slightly  frusto-conical 
form,  extending  from  a  radially  outer  edge  (1  2)  of 

20  the  lower  track  or  ring  (7)  radially  inwardly  across 
the  width  of  the  underface  (10)  such  that,  prior  to 
applying  loading,  the  landing  face  (9)  contacts 
the  support  table  or  platform  (14)  at  the  radially 
outer  edge  (12)  and  that,  upon  loading,  the  land- 

25  ing  face  makes  contact  with  the  support  table  or 
platform  over  an  annular  area  inwardly  from  the 
radially  outer  edge  (12). 

2.  A  pulverising  or  grinding  mill  as  claimed  in  Claim 
30  1  ,  characterised  in  that  the  underface  (10)  is  re- 

lieved  over  a  radially  inner  portion  thereof  such 
that  the  annular  area  of  contact  at  operational 
loading  is  positioned  with  the  resultant  line  of  ac- 
tion  of  the  vector  of  the  loading  force  and  centri- 

35  fugal  force  arising  from  movement  of  the  grinding 
elements  around  the  circular  path  passing 
through  the  annular  area  of  contact. 

3.  A  pulverising  or  grinding  mill  as  claimed  in  Claim 
40  1  or  Claim  2,  characterised  in  that  an  inner  nose 

region  (18)  and  an  outer  shoulder  region  (16)  of 
the  lower  grinding  ring  (7)  respectively  merge 
smoothly  with  the  arcuate  track  (8)  such  as  to 
avoid  localised  stress  concentrations  in  the  asso- 

45  ciated  regions. 

4.  A  pulverising  or  grinding  mill  as  claimed  in  any 
preceding  claim,  characterised  in  that  the  grind- 
ing  elements  are  steel  balls  (1)  and  arcuate  tracks 

so  (20,  8)  in  the  upper  and  lower  rings  (2,7)  have  a 
slightly  greater  radius  of  curvature  than  the  ra- 
dius  of  the  steel  balls  (1). 

5.  A  pulverising  or  grinding  mill  as  claimed  in  any 
55  one  of  Claims  1  to  3,  characterised  in  that  the 

grinding  elements  are  steel  balls  (1)  and  arcuate 
tracks  (20,  8)  in  the  upper  and  lower  grinding 
rings  (2,  7)  are  formed  as  flat  annuli  at  central 
portions  thereof  flanked  by  arcuate  portions. 
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Patentanspriiche 

1.  Pulverisier-  oder  Feinmuhle  mit  folgenden  Merk- 
malen: 
Mahlelemente  (1)  rollen  auf  einer  kreisformigen 
Bahn  zwischen  einer  sich  drehenden  unteren 
Spur  oder  einem  Ring  (7)  und  einer  feststehen- 
den  oberen  Spur  oder  einem  Ring  (2); 
die  untere  ringformige  Spur  oder  der  Ring  (7)  sit- 
zen  auf  einem  sich  drehenden  Tragertisch  oder 
einer  Plattform  (4),  die  eine  ebene  Oberseite  und 
eine  Belastungseinrichtung  aufweist,  die  zur  Ein- 
wirkung  auf  der  oberen  ringformigen  Spur  oder 
dem  Ring  (2)  angeordnet  ist,  urn  die  obere  ring- 
formige  Spur  oder  den  Ring  (2)  zu  der  unteren 
Spur  oder  dem  Ring  (7)  zu  drangen  und  daherdie 
Spuren  oder  Ringe  (2,  7)  in  Kontakt  mit  den  Mahl- 
elementen  (1)  zu  bringen;  eine  Unterseite  (10) 
der  unteren  Spur  oder  des  Ringes  ist  mit  einer 
Feldflache  (9)  versehen,  die  zur  Lagerung  auf 
derebenen  Oberseite  des  Tragertisches  oder  der 
Plattform  (4)  angeordnet  ist  und  einen  Teil  mit 
leicht  kegelstumpfformiger  Form  aufweist, 
dadurch  gekennzeichnet, 
dali  die  Unterseite  (1  0)  der  unteren  Spur  oder  des 
Ringes  (7)  mit  einer  Feldflache  (9)  von  leicht  ke- 
gelstumpfformiger  Gestalt  ausgebildet  ist,  sich 
von  einer  radial  aulieren  Kante  (12)  der  unteren 
Spur  oder  des  Ringes  (7)  radial  nach  innen  uber 
die  Breite  der  Unterseite  (10)  erstreckt,  so  dali 
vordem  Aufbringen  der  Belastung  die  Feldflache 
(9)  den  Tragertisch  oderdie  Plattform  (14)  an  der 
radial  aulieren  Kante  (12)  beruhrt,  und 
dali  bei  Belastung  die  Feldflache  den  Tragertisch 
oder  die  Plattform  uber  einen  radial  von  der  au- 
lieren  Kante  (12)  innenliegenden  ringformigen 
Bereich  beruhrt. 

2.  Pulverisier-  oder  Feinmuhle  nach  Anspruch  1, 
dadurch  gekennzeichnet, 
dali  die  Unterseite  (10)  uber  einen  radial  inneren 
Teil  ausgespart  ist,  so  dali  die  ringformige  Beruh- 
rungsflache  bei  Betriebsbelastung  so  gelegen 
ist,  dali  die  resultierende  Wirkungslinie  des  Vek- 
tors  der  Belastungskraft  und  der  Zentrifugalkraft 
aus  der  Bewegung  der  Mahlkorper  urn  die  kreis- 
formige  Bahn  durch  die  ringformige  Beruhrungs- 
flache  hindurchgeht. 

3.  Pulverisier-  oder  Feinmuhle  nach  Anspruch  1 
oder  2, 
dadurch  gekennzeichnet, 
dali  ein  innerer  Vorsprungsbereich  (18)  und  ein 
aulierer  Schulterbereich  (16)  des  unteren  Mahl- 
ringes  (7)  glatt  in  die  bogenformige  Spur  oder 
Laufbahn  (8)  ubergehen,  urn  ortliche  Spannungs- 
konzentrationen  in  den  zugeordneten  Bereichen 
zu  vermeiden. 

4.  Pulverisier-  oder  Feinmuhle  nach  einem  der  vor- 
hergehenden  Anspruche, 
dadurch  gekennzeichnet, 

5  dali  die  Mahlelemente  aus  Stahlkugeln  (1)  beste- 
hen  und  dali  die  bogenformigen  Spuren  oder 
Fuhrungsbahnen  (20,  8)  in  dem  oberen  und  un- 
teren  Ring  (2,  7)  einen  etwas  grolieren  Krum- 
mungsradius  als  der  Radius  der  Stahlkugeln  (1) 

10  aufweisen. 

5.  Pulverisier-  oder  Feinmuhle  nach  einem  der  An- 
spruche  1  bis  3,  dadurch  gekennzeichnet, 
dali  die  Mahlelemente  Stahlkugeln  (1)  sind  und 

15  dali  die  bogenformigen  Spuren  oder  Ftihrungs- 
bahnen  (20,  8)  in  den  oberen  und  unteren  Mahl- 
ringen  (2,  7)  als  ebene  Ringf  lachen  in  den  zentra- 
len  Teilen  und  als  bogenformige  Teilflachen  an 
den  Flanken  ausgebildet  sind. 
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Revendications 

1  .  Broyeur  pulverisateur  ou  concasseur  comportant 
25  des  elements  concasseurs  (1)  roulant  sur  une 

voie  circulaire  entre  une  piste  ou  couronne  annu- 
lare  inferieure  rotative  (7)  et  une  piste  ou  couron- 
ne  annulaire  superieure  fixe  (2),  la  piste  ou  cou- 
ronne  annulaire  inferieure  (7)  reposant  sur  une 

30  plate-forme  ou  table  de  support  rotative  (4) 
comportant  une  face  superieure  plane  et 
comportant  un  moyen  de  charge  agence  pour 
agir  sur  la  piste  ou  couronne  annulaire  superieure 
(2)  af  in  d'amener  la  piste  ou  couronne  annulaire 

35  superieure  (2)  vers  la  piste  ou  couronne  inferieu- 
re  (7),  et  done  les  pistes  ou  couronnes  (2,  7)  en 
contact  avec  les  elements  concasseurs  (1),  une 
face  inferieure  (10)  de  la  piste  ou  couronne  infe- 
rieure  dotee  d'une  face  d'appui  (9)  agencee  pour 

40  reposer  sur  la  face  superieure  plane  de  la  plate- 
forme  ou  table  de  support  (4)  et  comportant  une 
portion  de  forme  legerement  tronconique,  carac- 
terise  en  ce  que  la  face  inferieure  (10)  de  la  piste 
ou  couronne  inferieure  (7)  est  dotee  d'une  face 

45  d'appui  (9)  de  forme  legerement  tronconique, 
s'etendant  depuis  un  bord  externe  radialement 
(12)  de  la  piste  ou  couronne  inferieure  (7)  radia- 
lement  vers  I'interieur  sur  la  largeur  de  la  face  in- 
ferieure  (1  0)  de  maniere  que,  avant  d'appliquer  la 

so  charge,  la  face  d'appui  (9)  contacte  la  plate-for- 
me  ou  table  de  support  (14)  au  bord  externe  ra- 
dialement  (12)  et  que,  lors  de  la  charge,  la  face 
d'appui  fasse  contact  avec  la  plate-forme  ou  ta- 
ble  de  support  sur  une  zone  annulaire  vers  I'inte- 

55  rieur  depuis  le  bord  externe  radialement  (12). 

2.  Broyeur  pulverisateur  ou  concasseur  selon  la  re- 
vendication  1,  caracterise  en  ce  que  la  face  infe- 
rieure  (10)  est  degagee  sur  une  portion  interne 
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radialement  de  maniere  que  la  zone  annulaire  de 
contact  lors  d'une  charge  durant  le  fonctionne- 
ment  soit  positionnee  avec  la  ligne  resultante 
d'action  du  vecteur  de  la  force  de  charge  et  la  for-  5 
ce  centrifuge  provenant  du  mouvement  des  ele- 
ments  concasseurs  autour  de  la  voie  circulaire 
passant  par  la  zone  annulaire  de  contact. 

3.  Broyeur  pulverisateur  ou  concasseur  selon  la  re-  10 
vendication  1  ou  2,  caracterise  en  ce  qu'une  re- 
gion  de  bee  interne  (18)  et  une  region  d'epaule- 
ment  externe  (16)  de  la  couronne  de  concassage 
inferieure  (7)  fusionnent,  respectivement,  douce- 
ment  avec  la  voie  arquee  (8)  pour  eviter  des  15 
concentrations  de  contrainte  localisees  dans  les 
regions  associees. 

4.  Broyeur  pulverisateur  ou  concasseur  selon  I'une 
quelconque  des  revendications  precedentes,  ca-  20 
racterise  en  ce  que  les  elements  concasseurs 
sont  des  boulets  d'acier  (1)  et  les  voies  arquees 
(20,  8)  dans  les  couronnes  superieure  et  inferieu- 
re  (2,  7)  ont  un  rayon  de  courbure  legerement 
plus  grand  que  le  rayon  des  boulets  d'acier  (1).  25 

5.  Broyeur  pulverisateur  ou  concasseur  selon  I'une 
quelconque  des  revendications  1  a  3,  caracterise 
en  ce  que  les  elements  concasseurs  sont  des 
boulets  d'acier  (1)  et  les  voies  arquees  (20,  8)  30 
dans  les  couronnes  superieure  et  inferieure  (2,  7) 
sont  dotees  d'un  plat  annulaire  en  une  portion 
centrale  flanquee  de  portions  arquees. 
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