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(54)  A  casting  roll  and  roll  s tand 

(57)  The  invention  relates  to  a  casting  roll  and  cast- 
ing  stand  therefore  comprising  an  inner  core  (12)  and 
an  outer  roll  shell  (1  1  )  and  cooling  channels  (1  3)  to  per- 
mit  liquid  coolant  to  flow  through  the  roll  to  cool  the  roll 
during  casting,  the  shell  being  in  intimate  contact  with 
the  core  and  removably  affixed  thereto  by  an  interfer- 
ence  fit  of  at  least  0.5  mm  per  metre  of  inner  core  diam- 

eter  and  the  cooling  channels  are  located  within  the  roll 
shell.  The  cooling  means  may  enter  at  one  end  of  the 
roll  and  travel  axially  along  the  length  of  the  roll  and  exits 
at  the  other  end.  The  cooling  channels  (13)  may  be  ar- 
ranged  in  the  roll  core  at  least  20  mm  from  shell/core 
interface  the  grouped  and  connected  to  a  coolant  supply 
so  that  the  direction  of  coolant  flow  can  be  reversed. 
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Description 

This  invention  relates  to  a  casting  roll  and  roll  stand,  in  particular,  to  an  improved  design  of  the  casting  rolls. 
Twin  roll  casting  is  an  established  technology  for  the  production  of  metal  strip.  In  the  case  of  aluminium  alloys,  it 

5  is  usual  for  the  thickness  of  the  cast  strip  to  be  in  the  range  6  -  10mm.  In  this  casting  process  molten  metal  is  fed  by 
a  refractory  nozzle  into  the  bite  of  a  pair  of  internally  cooled,  counterrotating  rolls.  Because  of  the  use  of  refractory 
feeder  tip  the  strip  does  not  cover  the  full  width  of  the  roll,  this  causes  localisation  of  the  heat  which  causes  thermal 
distortions  in  the  roll  which  make  it  difficult  to  control  dimensions  of  the  strip  being  cast  and  also  leads  to  defects  arising 
in  the  roll  which  means  that  a  relatively  short  working  time  for  the  roll  and  frequent  roll  changes  are  required.  The  caster 

10  rolls  typically  comprise  a  core  and  a  shell  which  is  commonly  shrunk  onto  the  core  with  an  interference  fit.  The  cooling 
channels,  which  can  be  circumferential  or  axial  are  machined  into  the  surface  of  the  roll  core  and  are  connected  to  the 
water  feed  and  return  lines.  The  casting  shells  are  typically  50  -  1  00mm  thick  and  it  is  normal  to  periodically  re-machine 
the  surface  to  remove  defects,  for  example  defects  known  as  heat  checks.  Heat  check  is  characterised  by  the  generation 
of  a  large  number  of  fine  cracks  which  result  from  contact  with  molten  metal  and  the  cyclic  thermal  and  mechanical 

is  loading  cycle  the  roll  surface  undergoes.  The  molten  metal  solidifies  in  contact  with  the  casting  rolls  and  then  typically 
undergoes  a  hot  reduction  before  exiting  the  caster  as  solid  strip. 

A  major  problem  of  the  aforesaid  process  is  the  tendency  of  the  cast  strip  to  adhere  to  either  or  both  of  the  casting 
rolls.  It  is  known  that  the  application  of  a  parting  agent,  such  as  a  suspension  of  colloidal  graphite  in  water,  to  the 
casting  rolls  on  the  exit  side  of  the  machine  is  beneficial  in  reducing  this  sticking.  The  parting  agent  is  usually  applied 

20  to  the  casting  rolls  as  an  atomised  spray. 
Over  the  last  ten  years  or  so  considerable  efforts  have  been  made  to  reduce  the  thickness  of  the  cast  strip  and 

this  has  resulted  in  a  fundamental  change  in  the  design  of  casting  machines.  It  is  well  known  that  during  roll  casting 
the  casting  rolls  deform  under  the  action  of  the  separating  forces  developed  between  the  cast  strip  and  the  casting 
rolls.  As  the  cast  thickness  is  reduced  the  separating  forces  generated  by  the  cast  strip  increase  significantly.  These 

25  increased  separating  forces  can  be  accommodated  by,  either  increasing  the  diameter  of  the  casting  rolls  and  roll  necks 
or  preferably  by  supporting  the  casting  rolls  with  back  up  rolls.  With  this  preferred  solution  the  casting  rolls  are  sized 
to  suit  the  requirements  of  the  process  and  the  back  up  rolls  are  sized  to  accommodate  the  separating  forces  and 
torques  generated  during  casting. 

As  has  already  been  mentioned,  there  is  a  tendency  for  the  cast  strip  to  stick  to  either  or  both  of  the  casting  rolls. 
30  This  is  a  particular  problem  with  4  high  casters  as  there  is  the  possibility  that  material  that  is  stuck  to  the  casting  rolls 

can  pass  through  the  casting  roll/back  up  roll  bite  and  be  rolled.  If  this  occurs  considerable  forces  are  generated  and 
these  forces  can  cause  damage  to  both  the  casting  and  back  up  rolls.  This  damage  has  a  number  of  effects.  The  most 
visible  effect  is  the  formation  of  localised  depressions  in  both  the  casting  roll  and  the  back  up  roll  in  the  immediate 
vicinity  of  the  stuck  material.  This  damage  is  easily  repaired  by  grinding  the  rolls. 

35  A  more  serious  problem  occurs  at  the  interface  between  the  casting  roll  shell  and  the  casting  roll  core.  If  material 
at  this  interface  is  damaged  it  is  possible  that  the  intimate  contact  between  the  shell  and  the  core  will  be  diminished 
locally  with  the  result  that  the  shell  is  not  adequately  supported.  Moreover  if  the  intimate  contact  is  reduced  the  transfer 
of  heat  between  the  shell  and  the  core  and  between  the  shell  and  the  cooling  water  will  be  adversely  affected.  The 
combined  effect  of  these  various  factors  is  the  occurrence  of  localised  sheet  defects.  This  problem  is  not  always  im- 

40  mediately  apparent  but  becomes  more  noticeable  as  the  thickness  of  the  cast  shell  is  reduced  and  is  characterised  by 
localised  gauge  variations  in  the  cast  sheet  in  the  vicinity  of  regions  of  the  shell  where  material  has  previously  stuck. 

US  5469909  describes  a  typical  casting  roll  used  in  the  roll  casting  of  steel  with  a  core  and  a  relatively  thin  shell 
with  cooling  channels  in  the  shell,  and  intimate  contact  at  the  interface  of  the  core  and  the  shell,  however  this  intimate 
contact  can  only  be  achieved  by  diffusion  bonding  of  the  shell  to  the  core  by  means  of  this  specialised  process  which 

45  is  time  consuming  and  very  expensive  and  does  not  permit  the  shell  to  be  easily  removed  to  be  replaced  in  close 
proximity  to  the  casting  line.  Such  a  means  of  bonding  the  shell  to  the  roll  would  not  be  able  to  withstand  the  loads 
during  aluminium  casting.  Due  to  the  different  method  of  operation  employed  when  casting  aluminium  alloys,  much 
greater  loads  are  applied  and  the  shell  would  separate  from  the  roll  and  fail  after  a  very  short  time. 

The  present  invention  is  aimed  principally  at  overcoming  the  problems  caused  by  the  rolling  action  of  the  back  up 
so  rolls  on  any  material  that  passes  through  the  casting  roll/back  up  roll  bite,  but  is  applicable  to  all  roll  casters. 

It  is  also  an  objective  of  the  invention  to  provide  a  casting  roll  with  a  relatively  thick  shell  for  casting  aluminium  with 
a  strong  bond  between  the  roll  and  the  core,  but  also  permitting  easy  and  inexpensive  removal  and  fitting  of  the  shell 
to  the  core. 

According  to  the  invention  there  is  provided  a  casting  roll  and  casting  roll  stand  comprising  an  inner  core  and  an 
55  outer  roll  shell  and  cooling  channels  to  permit  liquid  coolant  to  flow  through  the  roll  to  cool  the  roll  during  casting,  the 

shell  being  in  intimate  contact  with  the  core  and  removably  affixed  thereto  by  an  interference  fit,  characterised  in  that 
interference  fit  is  at  least  0.5  mm  per  metre  of  inner  core  diameter  and  the  cooling  channels  are  located  within  the  roll 
shell.  The  cooling  channels  may  alternatively  or  additional  be  located  in  the  roll  core. 
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In  a  further  aspect  of  the  invention  the  cooling  channels  are  arranged  axially  along  the  length  of  the  roll.  The  cooling 
channels  may  be  grouped  together  and  connected  to  a  coolant  supply  sop  that  the  direction  of  coolant  flow  can  be 
reversed. 

Various  embodiments  of  the  invention  will  now  be  described  in  more  detail  with  reference  to  the  appended  figures 
5  in  which: 

Figure  1  is  a  longitudinal  cross  section  of  a  known  casting  roll  for  casting  aluminium; 
Figure  2  is  a  transverse  cross  section  through  a  casting  roll  according  to  a  first  embodiment  of  the  invention; 
Figure  3  is  a  longitudinal  cross  section  through  a  segment  of  the  circumference  of  a  casting  role  according  to  a 

10  further  aspect  of  the  invention; 
Figure  4  is  a  transverse  cross  section  through  a  casting  roll  according  to  a  further  embodiment  of  the  invention; 
Figure  5  is  a  transverse  cross  section  through  a  cooling  channel  of  a  casting  roll  according  to  a  further  aspect  of 
the  invention; 
Figure  6  is  a  longitudinal  cross  section  through  the  end  of  a  casting  roll  of  the  embodiment  shown  in  figure  2, 

is  Figure  7  is  a  longitudinal  cross  section  through  the  end  of  a  casting  roll  of  the  embodiment  in  figure  4,  and 
Figure  8  is  an  enlarged  longitudinal  cross  section  through  the  end  of  a  casting  role  of  the  embodiment  in  fig.  4. 

As  has  been  described  previously  continuous  casting  rolls  for  aluminium  are  made  up  of  a  shell  1  and  a  core  2 
and  the  cooling  channels  3  are  machined  into  the  surface  of  the  core.  This  is  shown  schematically  in  Figure  1  .  In  this 

20  example  the  cooling  channels  are  circumferentially  arranged  in  the  surface  of  the  core.  The  shell  1  is  typically  arranged 
to  be  relatively  thick  compared  to  a  steel  casting  roll  in  order  to  with  stand  the  mechanical  loads  during  aluminium 
casting.  The  cooling  channels  3  are  in  the  form  of  square  cross  sectional  channels  which  are  easy  to  machine  into  the 
core  2  before  the  shell  1  is  fitted  onto  the  core  to  form  the  roll. 

In  a  first  embodiment  of  the  invention  a  plurality  of  cooling  holes  1  3  are  provided  which  are  circular  in  cross  section 
25  and  which  are  located  in  the  shell  11  as  shown  in  figures  2  and  7.  The  cooling  holes  13  are  provided  longitudinally  in 

the  shell  11  spaced  equidistantly  around  the  circumference  of  the  shell  and  at  a  constant  distance  from  the  internal 
surface  11aof  the  shell.  The  shell  11  is  secured  to  the  core  1  2  by  means  of  an  interference  fit.  Preferably  the  interference 
fit  is  of  the  order  of  1  mm  per  metre  of  roll  diameter  in  order  to  provide  a  sufficiently  secure  fitting  of  the  core  12  and 
the  shell  11  to  withstand  the  high  torque  and  loads  experienced  in  particular  in  aluminium  casting.  If  the  shell  11  is  not 

30  sufficiently  securely  attached  to  the  core,  the  cyclical  thermal  and  mechanical  loading  can  result  in  movement  of  the 
shell  with  respect  to  the  core.  This  relative  movement  is  sometimes  referred  to  as  "walking".  The  only  means  of  effec- 
tively  preventing  this  effect  or  reducing  it  to  an  acceptable  degree  is  by  an  interference  fit  of  the  order  of  Imm  per  meter 
of  roll  diameter.  Any  less  than  this  and  the  walking  effect  is  not  reduced  enough  to  prevent  permanent  damage  to  the 
roll  to  occur. 

35  It  will  be  appreciated  that  although  in  this  embodiment  the  cooling  channels  are  conveniently  located  away  from 
the  interface  between  the  shell  and  the  core  they  could  also  be  located  at  the  interface.  In  this  event  the  cooling  channels 
could  conveniently  have  a  rectangular  cross  section  or  some  other  preferred  shape. 

By  way  of  example  the  casting  roll  of  this  first  embodiment  has  the  following  dimensions: 

Roll  diameter  OD  600  mm 
Core  diameter  OD  440  mm 
Shell  thickness  80  mm 
Cooling  holes  20  mm  dia.  holes  on  a  p.c.d  of  480mm 
Cooling  hole  spacing  20  mm 
Interference  0.44  mm 

With  the  above  example  the  thickness  of  shell  between  the  holes  and  the  outside  diameter  of  the  shell  would  be 
50mm  and  as  with  conventional  aluminium  caster  rolls  would  have  a  useable  thickness  of  approximately  25mm. 

so  The  axial  cooling  holes  1  3  are  conveniently  machined  the  complete  length  of  the  shell  11  and  are  connected  to  a 
cooling  water  feed  and  return  lines  1  6  by  means  of  a  plenum  chamber  1  4  at  each  end  of  the  roll  as  shown  in  figure  8. 
On  this  basis  the  cooling  water  would  enter  the  roll  at  one  end  and  exit  at  the  other. 

In  an  alternative  arrangement  the  cooling  holes  13  could  be  arranged  in  groups  such  that  the  direction  of  flow  of 
the  cooling  water  was  reversed.  This  is  shown  schematically  in  Figure  3. 

55  A  further  embodiment  of  the  invention  for  the  construction  of  the  casting  roll  is  shown  in  figures  4  and  6  in  which 
the  cooling  channels  23  are  located  in  the  core  22  of  the  roll  and  in  this  case  it  is  preferred  to  locate  the  cooling  holes 
23  which  are  conveniently  in  the  form  of  a  series  of  axial  holes  some  distance  below  the  surface  22a  of  the  core  22. 

The  dimensions  of  the  casting  roll  according  to  the  embodiments  of  the  invention  roll  should  fall  within  the  following 
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ranges: 

Roll  diameter  OD  550  to  1  200  mm 
Core  diameter  OD  310to1100mm 
Shell  thickness  50  to  1  20  mm 
Cooling  holes  to  60  mm  from  the  interface.  10  to  30  mm  dia.  holes  on  a  p.c.d.  of  20 
Cooling  hole  spacing  1  0  to  30  mm 
Interference  0.5  to  1  .5  mm  per  metre  of  roll  diameter. 

The  above  range  for  the  location  of  the  cooling  holes  20  to  60  mm  from  the  interface  of  the  core  and  shell  is  for 
cooling  holes  arranged  in  the  core,  for  cooling  holes  arranges  in  the  shell  the  range  is  0  to  60  mm. 

It  is  well  established  that  the  higher  velocity  of  the  cooling  water  through  the  cooling  channels  the  greater  the  rate 
of  heat  removal.  The  velocity  of  the  water  in  the  cooling  channels  can  conveniently  be  increased  by  reducing  the 

15  effective  cross  section  of  the  cooling  channels.  This  can  be  achieved  by,  for  example  inserting  suitably  sized  rods  31 
into  each  of  the  cooling  holes  1  3,  23  as  shown  in  Figure  5.  The  precise  location  of  the  rods  and  if  necessary  diameter 
of  the  rods  can  be  selected  to  optimise  heat  transfer  into  the  cooling  water. 

20  Claims 

1  .  A  casting  roll  comprising  an  inner  core  and  an  outer  roll  shell  and  cooling  channels  to  permit  liquid  coolant  to  flow 
through  the  roll  to  cool  the  roll  during  casting,  the  shell  being  in  intimate  contact  with  the  core  and  removably  affixed 
thereto  by  an  interference  fit,  characterised  in  that  interference  fit  is  at  least  0.5  mm  per  metre  of  inner  core  diameter 

25  and  the  cooling  channels  are  located  within  the  roll  shell. 

2.  A  casting  roll  comprising  an  inner  core  and  an  outer  roll  shell  and  cooling  channels  to  permit  cooling  means  to  flow 
through  the  roll  to  cool  the  roll  during  casting  the  shell  being  in  intimate  contact  with  the  core  and  removably  affixed 
thereto  by  an  interference  fit,  characterised  in  that  interference  fit  is  at  least  0.5  mm  per  metre  of  inner  core  diameter 

30  and  that  the  cooling  means  enters  one  end  of  the  roll,  travels  axially  along  the  length  of  the  roll  and  exits  at  the 
other  end. 

3.  A  casting  roll  according  to  claim  1  or  claim  2,  characterised  in  that  the  cooling  channels  are  grouped  and  connected 
to  a  coolant  supply  so  that  the  direction  of  coolant  flow  can  be  reversed. 

35 
4.  A  casting  roll  according  to  claim  1,  characterised  in  that  the  shell  incorporates  a  plurality  of  cooling  channels 

arranged  along  the  axis  of  the  shell  at  least  20  mm  from  the  caster  core/caster  shell  interface 

5.  A  casting  roll  comprising  an  inner  core  and  an  outer  roll  shell  and  cooling  channels  to  permit  cooling  means  to  flow 
40  through  the  roll  to  cool  the  roll  during  casting  the  shell  being  in  intimate  contact  with  the  core  and  removably  affixed 

thereto  by  an  interference  fit,  characterised  in  that  interference  fit  is  at  least  0.5  mm  per  metre  of  inner  core  diameter 
and  that  a  plurality  of  cooling  channels  are  arranged  along  the  axis  of  the  shell  and  positioned  in  the  core  at  least 
20  mm  from  the  inner  diameter  of  the  shell. 

45  6.  A  casting  roll  according  to  any  preceding  claim,  characterised  in  that  the  velocity  of  the  cooling  water  is  adjustable 
to  provide  the  optimum  heat  transfer 

7.  A  casting  roll  according  to  any  preceding  claim,  characterised  in  that  a  coolant  chamber  or  plenum  chamber  is 
provided  at  least  one  end  of  the  roll  for  feeding  and  removing  cooling  water  from  said  casting  roll. 

50 
8.  A  casting  roll  stand  comprising  a  pair  of  casting  rolls,  each  casting  roll  comprising  an  inner  core  and  an  outer  roll 

shell  and  cooling  channels  to  permit  cooling  means  to  flow  through  the  roll  to  cool  the  roll  during  casting  the  shell 
being  in  intimate  contact  with  the  core  and  removably  affixed  thereto  by  an  interference  fit,  characterised  in  that 
interference  fit  is  at  least  0.5  mm  per  metre  of  inner  core  diameter  and  that  the  cooling  means  enters  one  end  of 

55  the  roll,  travels  axially  along  the  length  of  the  roll  and  exits  at  the  other  end. 
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