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Description 

This  invention  relates  to  a  roll  suitable  for  transfer- 
ring  heat  between  the  roll  and  the  material  in  contact 
with  it.  A  particular,  but  not  sole,  application  of  the  inven-  s 
tion  is  to  a  roll  suitable  for  use  in  a  two-roll  strip  caster. 

A  strip  caster  usually  consists  of  a  pair  of  rolls, 
arranged  side-by-side  with  their  axes  of  rotation  hori- 
zontal,  and  which  are  spaced  apart  to  provide  a  gap 
between  them.  On  the  upper  side  of  the  rolls,  the  ends  to 
of  the  roll  barrels  can  be  provided  with  dams  to  form  a 
space  above  the  roll  gap  into  which  molten  metal  is 
poured.  The  rolls  are  usually  liquid  cooled  to  absorb 
heat  from  the  molten  metal  which  come  into  contact  with 
them  and  form  solidified  skins  which  thicken  as  the  rolls  ts 
rotate.  As  the  rolls  are  rotated  they  force  the  solidified 
skins  of  metal  together  and  through  the  gap  between 
the  rolls  to  form  a  continuous  metal  strip. 

In  an  effort  to  increase  casting  output,  it  is  desirable 
to  increase  the  speed  of  rotation  of  the  rolls,  but  care  20 
has  to  be  taken  that  the  rolls  absorb  sufficient  heat  from 
the  metal  in  contact  with  them  to  form  two  solidified 
skins  whose  total  thickness  is  greater  than  the  end 
product. 

An  object  of  the  present  invention  is  to  provide  an  25 
improved  roll  construction  which  permits  greater 
throughput  together  with  a  stable  roll  design,  which  can 
readily  be  refurbished  at  the  end  of  its  useful  life. 

It  is  known  from  DE-38391  10A  for  a  cooling  roll  to 
comprise  a  rotatable  arbor  with  an  annular  sleeve  struc-  30 
ture  mounted  on  the  arbor  with  a  shrink  fit  interface 
between  the  outer  peripheral  surface  of  the  arbor  and 
the  inner  surface  of  the  annular  sleeve  structure.  The 
annular  sleeve  structure  comprises  an  inner  annular 
sleeve  with  an  outer  annular  sleeve  mounted  on  the  35 
inner  annular  sleeve  with  a  shrink  fit  interface  between 
them.  In  use,  the  sleeve  structure  is  supplied  with  liquid 
coolant  at  the  interface  between  the  inner  and  outer 
sleeves  to  form  a  thermal  barrier  at  the  interface. 

According  to  the  present  invention  a  cooling  roll  40 
comprises 

a  rotatable  arbor  having  a  cylindrical  surface; 
an  annular  sleeve  structure  mounted  on  the  arbor 
with  a  shrink  fit  interface  between  the  cylindrical  45 
surface  of  the  arbor  and  the  inner  surface  of  the 
annular  sleeve  structure; 
channel  means  formed  at  the  interface; 
said  arbor  having  ducts  therein  which  are  in  com- 
munication  with  the  exterior  of  the  roll  and  said  so 
channel  means; 
said  sleeve  structure  having  internal  passages  for 
the  flow  of  liquid  coolant,  said  passages  being  in 
communication  with  the  channel  means; 
said  ducts,  channel  means  and  passages  being  55 
arranged  such  that,  in  use,  liquid  coolant  flows 
between  the  exterior  of  the  roll  and  the  passages  by 
way  of  the  channel  means  and  the  ducts  to  form  a 

thermal  barrier  in  the  sleeve  structure; 
characterised  in  that  the  sleeve  structure 

comprises  a  single  annular  member  and  said  ther- 
mal  barrier  is  located  between  the  outer  peripheral 
surface  of  the  sleeve  structure  and  the  interface. 

The  internal  passages  in  the  sleeve  structure  con- 
veniently  extend  parallel  to  the  longitudinal  axis  of  the 
arbor.  These  passages  may  be  formed  by  boring  holes 
through  the  sleeve  parallel  to  the  longitudinal  axis 
thereof.  The  passages  connect  with  two  annular  chan- 
nels,  one  in  each  of  the  end  faces  of  the  sleeve  struc- 
ture. 

In  order  to  absorb  as  much  heat  as  possible  from 
the  molten  material,  it  is  necessary  for  the  part  of  the  roll 
which  contacts  the  molten  material  to  be  of  a  high  con- 
ductivity  metal,  such  as  steel,  copper,  or  any  of  their 
alloys. 

The  surface  of  the  high  conductivity  metal  may  be 
covered  with  a  protective  surface  layer,  which  for  exam- 
ple  could  be  a  stainless  steel  with  good  thermal  fatigue 
properties  or  a  nickel  or  nickel/chrome  layer  or  a  metal 
matrix  composite  layer  such  as  tungsten  carbide/cobalt 
alloy  or  chrome  carbide/nickel-chrome  composite. 

At  the  end  of  its  useful  life  the  sleeve  may  be 
removed  from  the  arbor  by  externally  heating  to  expand 
the  sleeve  whilst  omitting  all  sleeve  cooling. 

The  sleeve  could  then  be  refurbished  prior  to  re- 
assembly. 

The  sleeve  serves  as  the  roll  barrel  and,  since  an 
external  force  can  be  exerted  upon  it,  there  has  to  be  a 
shrink  fit  between  the  sleeve  and  the  arbor  to  prevent  it 
rotating  around  the  arbor. 

In  use,  care  has  to  be  taken  that  the  temperature  of 
the  sleeve  relative  to  that  of  the  arbor  is  not  such  that 
will  cause  differential  expansion  between  the  arbor  and 
the  sleeve  so  as  to  remove  the  interface  joint  between 
them.  By  arranging  for  a  thermal  barrier  to  be  located 
between  the  outer  surface  of  the  sleeve  and  the  inter- 
face  between  sleeve  and  the  arbor,  a  limited  minimum 
amount  of  the  heat  applied  to  the  outer  surface  of  the 
sleeve  penetrates  to  the  interface  between  the  sleeve 
and  the  arbor.  At  the  same  time,  the  liquid  cooled  sleeve 
efficiently  removes  heat  from  the  outer  surface  of  the 
sleeve  thereby  permitting  rapid  cooling  of  the  material 
which  is  in  contact  with  it. 

The  interference  fit  between  the  sleeve  and  the 
arbor  provides  a  tensile  stress  in  the  sleeve  which  helps 
to  negate  the  thermally  induced  compressive  stresses. 

In  order  that  the  invention  may  be  more  readily 
understood,  it  will  now  be  described,  by  way  of  example 
only,  with  reference  to  the  accompany  drawings,  in 
which:- 

Figure  1  is  a  view,  partly  in  section,  of  a  cooling  roll 
in  accordance  with  the  present  invention;  and 
Figure  2  shows  to  an  enlarged  scale  the  part  of  the 
roll  within  the  broken  lines  of  Figure  1  . 
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A  roll  suitable  for  use  in  a  metal  caster  comprises 
an  elongate  arbor  1  having  cylindrical  portions  3  adja- 
cent  each  end  for  receiving  bearing  assemblies  (not 
shown).  Substantially  at  the  centre  of  the  arbor  there  is 
a  cylindrical  surface  5  on  to  which  an  annular  copper-  5 
alloy  sleeve  7  is  shrunk.  At  one  end  of  the  surface  5 
there  is  an  annular  rib  9  which  is  integral  with  the  arbor. 
An  annular  recess  10  is  formed  in  the  adjacent  end  wall 
1  1  of  the  sleeve  and  a  plurality  of  fitted  bolts  (not  shown) 
extend  through  the  rib  into  the  sleeve  1  1  to  provide  addi-  w 
tional  securement  for  the  sleeve  on  to  the  arbor.  The 
recess  10  is  closed  off  by  an  annular  ring  12  which  is 
secured  to  the  rib  9  by  a  plurality  of  bolts  13. 

An  axial  bore  15  extends  into  the  arbor  1  from  the 
non-drive  end  16.  A  pair  of  annular  channels  17A,  17B  is 
are  formed  in  the  surface  5  of  the  arbor  beneath  the 
sleeve  7.  A  plurality  of  radial  bores  1  9  extend  from  the 
channel  17A  to  the  bore  15  and,  similarly,  a  plurality  of 
radial  bores  21  extend  from  the  channel  1  7B  to  the  bore 
15.  In  the  end  face  1  1  of  the  sleeve  7,  there  is  an  annu-  20 
lar  channel  22  and  a  similar  channel  23  is  formed  in  the 
end  wall  of  the  opposite  end  of  the  sleeve.  The  two 
channels  22,  23  are  connected  by  a  multiplicity  of  pas- 
sages  25  which  extend  between  them  in  a  direction  sub- 
stantially  parallel  to  the  longitudinal  axis  of  the  arbor  1  .  25 
The  passages  25  are  spaced  apart  around  the  entire 
annular  sleeve.  In  addition,  the  channel  22  is  connected 
to  the  channel  17B  by  a  bore  27  within  the  sleeve  and, 
similarly,  the  channel  23  is  connected  to  the  channel 
1  7A  by  an  internal  bore  28.  The  channels  22,  23  are  30 
closed  off  by  cover  plates  29  which  may  be  of  the  same 
material  as  the  sleeve  7  and  fixed  in  position  by  any  con- 
venient  means  such  as  welding  along  lines  30. 

A  tube  34  with  a  central  enlarged  outer  diameter 
and  seal  35  is  located  within  bore  15  and  provides  a  35 
barrier  between  two  annular  areas  1  7A  and  1  7B  one  of 
which  communicates  with  radial  bores  1  9  and  the  other 
communicates  with  radial  bores  21  for  the  passage  of 
outgoing  and  incoming  liquid  coolant. 

In  use,  liquid  coolant,  usually  water,  is  passed  along  40 
the  space  between  the  tube  34  the  bore  15  and  into 
each  of  the  bores  1  9  where  it  flows  to  the  channel  1  7A 
at  the  interface  between  the  sleeve  and  the  arbor.  The 
water  then  flows  along  the  bore  28  to  the  channel  23 
extending  around  the  adjacent  end  face  of  the  sleeve.  45 

From  this  channel,  the  water  flows  through  the  mul- 
tiplicity  of  bores  25  to  the  channel  22  in  the  end  face  1  1 
of  the  sleeve. 

The  water  flowing  through  the  passageways  25 
cools  the  adjacent  parts  of  the  sleeve  and,  conse-  so 
quently,  a  cooled  zone  extends  around  the  sleeve  in  the 
vicinity  of  the  passageways.  This  cooled  zone  serves  as 
a  barrier  which  reduces  the  flow  of  heat  from  the  outer 
surface  of  the  sleeve  to  the  interface  between  the  sleeve 
and  the  arbor,  thus  preventing  the  temperature  of  the  55 
sleeve  in  the  vicinity  of  the  interface  with  the  arbor  from 
rising  to  a  level  where  the  shrink  fit  interface  between 
the  sleeve  and  the  arbor  is  destroyed.  The  cooled  zone 

serves  to  cool  the  outer  surface  of  the  sleeve  thereby 
causing  metal  to  solidify  in  contact  with  the  surface. 

From  the  channel  22  the  water  flows  along  the  bore 
27  to  the  annular  channel  1  7B  and  then  via  the  bores  21 
to  the  annulus  formed  by  the  pipe  and  bore  15  on  the 
opposite  side  of  the  seal  35  and  through  the  tube  34. 
The  coolant  may  be  made  to  flow  in  the  reverse  route  to 
that  described  previously.  A  rotary  coupling  (not  shown) 
is  coupled  to  the  end  1  6  of  the  arbor  to  permit  coolant  to 
circulate  through  the  roll  as  the  roll  is  rotated. 

An  annular  seal  33  is  located  at  each  end  of  and 
between  the  sleeve  and  the  arbor  to  prevent  leakage  of 
coolant  from  between  the  arbor  and  the  sleeve.  These 
seals  can  be  fitted  after  assembly  of  the  sleeve  which 
will  aid  maintenance  in  the  event  of  failure  as  well  as 
negate  the  requirement  to  assemble  the  seals  prior  to 
the  shrink  fitting  of  the  sleeve  7  on  to  the  arbor  1  . 

The  sleeve  can  have  a  hard  facing  layer  31  on  its 
outer  periphery.  This  layer  may  comprise  of  chrome  on 
nickel  or  stainless  steel  or  a  metal  matrix  composite 
such  as  tungsten  carbide/cobalt  alloy  or  chrome  car- 
bide/nickel-chrome  composite.  The  barrel  ends  of 
sleeve  7  also  can  have  similar  hard  facing  layer  32. 

Claims 

1  .  A  cooling  roll  comprising 

a  rotatable  arbor  (1)  having  a  cylindrical  sur- 
face; 
an  annular  sleeve  structure  (7)  mounted  on  the 
arbor  with  a  shrink  fit  interface  between  the 
cylindrical  surface  of  the  arbor  and  the  inner 
surface  of  the  annular  sleeve  structure; 
channel  means  (17a,  17b)  formed  at  the  inter- 
face; 
said  arbor  having  ducts  (15;  19,  21)  therein 
which  are  in  communication  with  the  exterior  of 
the  roll  and  said  channel  means; 
said  sleeve  structure  having  internal  passages 
(25)  for  the  flow  of  liquid  coolant,  said  pas- 
sages  being  in  communication  with  the  channel 
means; 
said  ducts,  channel  means  and  passages 
being  arranged  such  that,  in  use,  liquid  coolant 
flows  between  the  exterior  of  the  roll  and  the 
passages  by  way  of  the  channel  means  and  the 
ducts  to  form  a  thermal  barrier  in  the  sleeve 
structure; 

characterised  in  that  the  sleeve  struc- 
ture  comprises  a  single  annular  member  (7) 
and  said  thermal  barrier  is  located  between  the 
outer  peripheral  surface  of  the  sleeve  structure 
and  the  interface. 

2.  A  cooling  roll  as  claimed  in  claim  1  characterised  in 
that  said  passages  extend  in  a  direction  substan- 
tially  parallel  to  the  longitudinal  axis  of  the  arbor  and 
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connect  with  two  annular  channels  (22),  one  in 
each  of  the  end  faces  of  the  sleeve  structure. 

3.  A  roll  as  claimed  in  claim  1  or  2  in  which  the  sleeve 
structure  is  of  steel. 

4.  A  roll  as  claimed  in  claim  1  or  2  in  which  the  sleeve 
structure  is  of  copper  or  copper  alloy. 

5.  A  roll  as  claimed  in  claim  3  or  4  in  which  the  periph- 
ery  of  the  sleeve  structure  is  protected  by  a  ther- 
mally  tough  material  which  is  harder  than  the 
sleeve  structure. 

6.  A  roll  as  claimed  in  claim  5  in  which  the  sleeve 
structure  is  protected  by  a  layer  of  stainless  steel. 

7.  A  roll  as  claimed  in  claim  5  in  which  the  sleeve 
structure  is  protected  by  a  layer  of  nickel/chrome. 

8.  A  roll  as  claimed  in  claim  5  in  which  the  sleeve 
structure  is  protected  by  a  metal  matrix  composite 
layer  such  as  chrome  carbide/nickel-chrome. 

9.  A  roll  as  claimed  in  claim  5  in  which  the  sleeve 
structure  is  protected  by  a  layer  of  tungsten  car- 
bide/cobalt. 

der  auBeren  Umfangsoberflache  der  Hulsen- 
struktur  und  der  Ubergangsflache  angeordnet 
ist. 

5  2.  Ktihlwalze  nach  Anspruch  1  , 
dadurch  gekennzeichnet,  da  6  sich  die  Durch- 
gange  in  eine  Richtung  im  wesentlichen  parallel  zur 
Langsachse  des  Domes  erstrecken  und  mit  zwei 
ringformigen  Kanalen  (22)  verbunden  sind,  von 

10  denen  jeweils  einer  in  den  Endflachen  der  Hulsen- 
struktur  vorgesehen  ist. 

3.  Ktihlwalze  nach  Anspruch  1  oder  2, 
bei  der  die  Hiilsenstruktur  aus  Stahl  ist. 

15 
4.  Ktihlwalze  nach  Anspruch  1  oder  2, 

bei  der  die  Hiilsenstruktur  aus  Kupfer  oder  einer 
Kupferlegierung  ist. 

20  5.  Ktihlwalze  nach  Anspruch  3  oder  4, 
bei  der  die  Umfangsoberflache  der  Hiilsenstruktur 
durch  ein  thermisch  hartes  Material  geschiitzt  ist, 
welches  harter  als  die  Hiilsenstruktur  ist. 

25  6.  Ktihlwalze  nach  Anspruch  5, 
bei  der  die  Hiilsenstruktur  durch  eine  Schicht  aus 
rostfreiem  Stahl  geschiitzt  ist. 

Patentanspruche 

1.  Ktihlwalze  enthaltend: 

7.  Ktihlwalze  nach  Anspruch  5, 
30  bei  der  die  Hiilsenstruktur  durch  eine  Schicht  aus 

Nickel/Chrom  geschiitzt  ist. 

einen  drehbaren  Dorn  (1),  der  eine  zylindrische 
Oberf  lache  aufweist, 
eine  ringformige  Hiilsenstruktur  (7),  die  auf  35 
dem  Dorn  iiber  eine  Schrumpfsitziibergangs- 
flache  zwischen  der  zylindrischen  Oberflache 
des  Dorns  und  der  Innenoberf  lache  der  ringfor- 
migen  Hiilsenstruktur  angebracht  ist, 
Kanalmittel  (17A,  17B),  die  an  der  Ubergangs-  40 
flache  ausgebildet  sind,  wobei  der  Dorn  Leitun- 
gen  (15;  19,  21)  in  seinem  Inneren  aufweist, 
die  in  Verbindung  mit  der  AuBenseite  der 
Walze  und  den  Kanalmitteln  stehen, 
wobei  die  Hiilsenstruktur  innenliegende  Durch-  45 
gange  (25)  fur  die  Stromung  des  flussigen  Kiih- 
lungsmittels  aufweist,  die  in  Verbindung  mit 
den  Kanalmitteln  stehen, 
wobei  die  Leitungen,  die  Kanalmittel  und  die 
Durchgange  in  der  Weise  angeordnet  sind,  so 
da  6  im  Einsatz  das  flussige  Kuhlmittel  zwi- 
schen  der  AuBenseite  der  Walze  und  den 
Durchgangen  mittels  der  Kanalmittel  und  der 
Leitungen  stromt,  urn  eine  thermische  Barriere 
in  der  Hiilsenstruktur  zu  bilden,  55 
dadurch  gekennzeichnet,  daB  die  Hiilsen- 
struktur  ein  einzelnes  ringformiges  Element  (7) 
aufweist  und  die  thermische  Barriere  zwischen 

8.  Ktihlwalze  nach  Anspruch  5, 
bei  der  die  Htilse  durch  eine  Metall-Verbundwerk- 
stoffschicht,  wie  beispielsweise  Chromcarbid/Nik- 
kel-Chrom  geschiitzt  ist. 

9.  Ktihlwalze  nach  Anspruch  5, 
bei  der  die  Hiilsenstruktur  durch  eine  Schicht  aus 
Wolframcarbid/Kobalt  geschiitzt  ist. 

Revendications 

1  .  Rouleau  de  refroidissement  comprenant  : 

un  mandrin  rotatif  (1)  possedant  une  surface 
cylindrique  ; 
une  structure  de  manchon  annulaire  (7)  mon- 
tee  sur  le  mandrin  avec  une  interface  a 
emmanchement  a  chaud  entre  la  surface  cylin- 
drique  du  mandrin  et  la  surface  interieure  de  la 
structure  de  manchon  annulaire  ; 
des  moyens  de  canalisation  (1  7a,  1  7b)  formes 
a  I'interface  ; 
ledit  mandrin  renfermant  des  conduites  (1  5  ;  1  9 
;  21)  qui  sont  en  communication  avec  I'exte- 
rieur  du  rouleau  et  lesdits  moyens  de  canalisa- 
tion  ; 
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ladite  structure  de  manchon  possedant  des 
passages  internes  (25)  pour  permettre  recou- 
pment  du  liquide  de  refroidissement,  lesdits 
passages  etant  en  communication  avec  les 
moyens  de  canalisation  ;  5 
lesdites  conduites,  lesdits  moyens  de  canalisa- 
tion  et  passages  etant  agences  de  telle  sorte 
que,  en  utilisation,  le  liquide  de  refroidissement 
s'ecoule  entre  I'exterieur  du  rouleau  et  les  pas- 
sages  par  I'intermediaire  des  moyens  de  cana-  10 
lisation  et  des  conduites  pour  former  une 
barriere  thermique  dans  la  structure  de  man- 
chon  ; 

caracterise  en  ce  que  la  structure  de 
manchon  comprend  un  element  annulaire  uni-  is 
que  (7)  et  en  ce  que  ladite  barriere  thermique 
est  situee  entre  la  surface  peripherique  exte- 
rieure  de  la  structure  de  manchon  et  I'interface. 

2.  Rouleau  de  refroidissement  selon  la  revendication  20 
1  ,  caracterise  en  ce  que  lesdits  passages  s'eten- 
dent  dans  une  direction  sensiblement  parallele  a 
I'axe  longitudinal  du  mandrin  et  rejoignent  deux 
canaux  annulaires  (22),  un  sur  chacune  des  faces 
d'extremite  de  la  structure  de  manchon.  25 

3.  Rouleau  selon  la  revendication  1  ou  2,  dans  lequel 
la  structure  de  manchon  est  en  acier. 

4.  Rouleau  selon  la  revendication  1  ou  2,  dans  lequel  30 
la  structure  de  manchon  est  en  cuivre  ou  en  alliage 
de  cuivre. 

5.  Rouleau  selon  la  revendication  3  ou  4,  dans  lequel 
la  peripherie  de  la  structure  de  manchon  est  prote-  35 
gee  par  un  materiau  thermiquement  resistant  qui 
est  plus  dur  que  la  structure  de  manchon. 

6.  Rouleau  selon  la  revendication  5,  dans  lequel  la 
structure  de  manchon  est  protegee  par  une  couche  40 
d'acier  inoxydable. 

7.  Rouleau  selon  la  revendication  5,  dans  lequel  la 
structure  de  manchon  est  protegee  par  une  couche 
de  nickel/chrome.  45 

8.  Rouleau  selon  la  revendication  5,  dans  lequel  la 
structure  de  manchon  est  protegee  par  une  couche 
composite  a  matrice  metallique  telle  qu'une  couche 
de  carbure  de  chrome/nickel-chrome.  so 

9.  Rouleau  selon  la  revendication  5,  dans  lequel  la 
structure  de  manchon  est  protegee  par  une  couche 
de  carbure  de  tungstene/cobalt. 
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