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Description 

The  present  invention  relates  to  casting  one  or 
several  rings  of  cemented  carbide  into  cast  alloys 
based  on  iron,  preferably  cast  iron.  The  resulting  prod- 
uct  is  a  composite  roll  ring,  made  in  one  piece  only, 
with  metallurgical  bond  between  cemented  carbide 
and  cast  iron.  Possible  driving  devices  for  transmitting 
of  torque  are  located  in  the  cast  iron  part. 

The  use  of  roll  rings  of  cemented  carbide  for  hot 
or  cold  rolling  has  been  hampered  by  the  problem  of 
transmitting  the  torque  from  the  driving  spindle  to  the 
carbide  roll  ring  without  causing  serious  tensile 
stresses.  Cemented  carbide  belongs  to  the  group  brit- 
tle  materials  and  has  limited  tensile  strength  with  spe- 
cial  notch  sensitivity  in  inner  corners,  such  as  in  key- 
way  bottoms  or  other  driving  grooves,  or  at  roots  of 
driving  lugs,  made  integral  with  the  carbide  ring. 
Methods  based  on  such  conventional  joints  have 
worked  unsatisfactorily.  Another  method  for  the  tor- 
que  transmission  is  by  means  of  frictional  forces  at 
the  bore  surface  of  the  carbide  ring.  However,  the  ra- 
dial  force  on  this  surface  gives  rise  to  tangential  ten- 
sile  stresses  in  the  carbide  ring  with  a  maximum  at  its 
inner  diameter.  These  tensile  stresses  are  superim- 
posed  on  other  tensile  stresses,  generated  when  the 
roll  is  in  use. 

It  is  in  and  for  itself  known  to  cast  a  casing  of  an 
iron  alloy  onto  a  carbide  ring  for  rolls  used  for  hot 
and/or  cold  rolling  (see  for  example  the  Swedish  pa- 
tent  No.  7100170-5,  publication  number  371114). 

It  is  also  known  to  shape  composite  roll  rings  con- 
sisting  of  one  working  part  of  cemented  carbide  and 
a  casing  of  a  metal  ora  metal  alloy,  sintered  to  the  car- 
bide,  where  the  two  parts  are  metallurgically  bonded 
to  each  other  (see  for  example  the  US  patent  No.  3, 
609,  849). 

In  the  former  case,  during  cooling  from  the  cast- 
ing  temperature,  the  casing  shrinks  more  than  the 
carbide  ring,  giving  rise  to  inwards  directed  forces  on 
the  carbide  ring.  These  forces  produce  axially  direct- 
ed  tensile  stresses  on  the  outer  surface  of  the  carbide 
ring,  which  are  acting  perpendicularly  to  micro  cracks 
generated  in  the  roll  surface  during  rolling.  Under  the 
influence  of  these  tensile  stresses  the  micro  cracks 
propagate  in  depth,  which  may  cause  roll  breakage  or 
need  for  excessive  dressing  amount,  limiting  the  total 
rolling  capacity  of  the  roll. 

In  the  latter  case  casing  materials,  either  charac- 
terised  by  low  hardness  and  low  yield  strength  or  ce- 
mented  carbide,  being  a  brittle  material,  are  used;  nei- 
ther  particularly  suitable  in  the  necessary  torque 
transmission  couplings. 

In  principle  any  grade  of  cemented  carbide  can  be 
used  in  roll  rings  according  to  the  invention.  However, 
the  difference  in  linear  thermal  expansion  of  ductile 
iron  and  cemented  carbide,  the  latter  having  the  lower 
expansion,  increases  with  reduced  binding  phase 

content  in  the  cemented  carbide.  In  rolls  for  hot  roll- 
ing,  cemented  carbide  grades  wit  h  1  5  or  more  percent 
by  weight  of  binder  phase,  comprising  cobalt,  nickel 
and  chromium  in  various  combinations  and  amounts, 

5  have  proved  to  be  successful  and  are  also  used  in 
composite  roll  rings  according  to  the  invention. 

The  invention  is  defined  in  the  claim. 
A  composite  roll  ring  is  now  in  hand,  where  the 

detrimental  tensile  stresses  have  been  eliminated  or 
10  substantially  reduced.  This  has  been  achieved  by 

having  cast  the  carbide  into  a  materially  graphitic  cast 
iron  with  a  composition  adjusted  to  the  carbon  equiv- 
alent,  Ceqv.,  in  a  way  described  in  the  Swedish  patent 
No.  7601289-7,  publication  number  399911.  The 

15  composition  of  the  cast  iron  is  also  chosen  with  re- 
gard  to  optimal  metallurgical  bond  to  the  carbide,  to 
its  strength,  toughness  and  hardness,  all  necessary 
forthe  transmission  of  the  torque,  and  to  its  machina- 
bility.  By  addition  of  ferro-silicium-magnesium  and/or 

20  nickel-magnesium  the  cast  alloy  gets  a  magnesium 
content  of  0,02  -0,10,  preferably  0,04-0,07  percent  by 
weight.  By  inoculation  with  ferro-silicium  the  cast  al- 
loy  gets  a  silicon  content  of  1  ,9-2,8,  preferably  2,1-2,5 
percent  by  weight.  Thereby  a  ductile  iron  is  obtained 

25  having  dispersed  spheroidal  graphite.  This  ductile 
iron  has  a  hardness-toughness-strength  which  is  well 
balanced  to  the  application.  In  heat  treated  condition 
the  Brinell  hardness  is  250-350.  Further,  the  iron  has 
been  alloyed  with  austenite  generating  alloying  ele- 

30  ments  such  as  nickel,  molybdenum,  manganese,  and 
chromium,  usually  nickel  in  amounts  of  3-10,  prefer- 
ably  4-8  percent  by  weight,  and  molybdenum  in 
amounts  of  up  to  3,  preferably  0,1-1,5  percent  by 
weight,  resulting  in  a  certain  amount  of  residual  aus- 

35  tenite  viz.  5-30,  preferably  1  0-25  or  rather  1  5-20  per- 
cent  by  weight  after  the  casting. 

By  heat  treatment  in  one  or  several  steps  a  suit- 
able  amount  of  residual  austenite  can  under  volume 
increase  be  transformed  to  bainite.  This  volume  in- 

40  crease  can  be  so  adjusted  that  the  differential  shrink- 
age,  taking  place  in  the  composite  roll  ring  during 
cooling  from  the  casting  temperature,  can  be  totally  or 
partly  eliminated.  The  method  for  this  heat  treatment 
is  adjusted  according  to  carbide  grade,  composition  of 

45  the  iron,  and  roll  application.  The  heat  treatment  in- 
cludes  heating  to  and  holding  ata  temperature  of  800- 
1000°C,  cooling  to  and  holding  at  a  temperature  of 
400-550°C  and  cooling  to  room  temperature.  The  first 
mentioned  temperature  interval  800-1  000°C  results 

so  in  increased  toughness.  With  an  addition  of  alloying 
elements,  characterised  by  usually  nickel  in  amounts 
of  3-6,  preferably  4-5  percent  by  weight  and  molybde- 
num  in  amounts  between  0,5-1  ,5  percent  by  weight, 
the  heat  treatment  can  be  made  by  heating  to  and 

55  holding  at  500-650°C  and  cooling  to  room  tempera- 
ture. 

The  method  of  casting  a  carbide  ring  into  cast  iron 
follows  mainly  common  casting  technique.  However, 
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the  demands  on  flawless  metallurgical  bond  between 
cemented  carbide  and  cast  iron  and  on  the  required 
special  properties  of  the  cast  iron  call  for  accurate 
control  of  the  casting  technique,  among  others  includ- 
ing  the  following  clauses:  5 

-  Extreme  over-temperature  of  the  iron  in  the 
cradle. 

-  Amount  and  flow  controlled  streaming  of  mol- 
ten  iron  for  timed  heating  and  melting  of  a  sur- 
face  layer  of  the  carbide  ring,  located  in  the  10 
sand  mould. 

-  Ignition  of  exothermal  material  kept  in  an  am- 
ple  space  over  the  roll  ring  space  in  order  to 
keep  a  certain  extra  amount  of  iron  in  molten 
state  for  after-filling  of  the  roll  ring  space.  15 

-  Inoculation  in  the  cradle  as  well  as  in  the 
mould. 

The  ductile  iron  and  the  bond  between  the  ce- 
mented  carbide  and  the  ductile  iron  in  the  cast  com- 
posite  roll  ring  are  checked  by  ultrasonic  methods.  20 

The  present  composite  roll  ring  generally  re- 
ceives  the  torque  via  conventional  key  joints,  splines, 
clutches  or  similar  known  torque  transmitting  joints, 
located  in  the  considerably  less  notch  sensitive  iron 
part  of  the  composite  roll  ring,  from  which  the  torque  25 
is  carried  over  to  the  carbide  ring  via  the  metallurgical 
bond  between  the  cemented  carbide  and  the  cast 
iron.  Still,  there  are  rolling  mills  that  only  allow  of  fric- 
tion  drive  in  the  roll  ring  bore. 

In  carbide  roll  rings  the  separating  force  is  coun-  30 
teracted  by  radial  force  only  from  the  spindle  against 
the  bore  of  the  carbide  roll  ring.  As  the  carbide  has  a 
Young's  modulus  of  2-3  times  that  of  steel  or  cast  iron, 
the  separating  force  will  elastically  deform  the  mate- 
rial  supporting  the  carbide  roll  ring  in  the  bore,  result-  35 
ing  in  elastic  deformation  of  the  carbide  ring  and  con- 
sequently  in  tangential  tensile  stresses  in  the  carbide 
ring  with  maximum  at  the  bore.  In  composite  roll  rings 
according  to  the  invention  the  cast  iron  on  both  sides 
of  the  carbide  ring  will  carry  a  part  of  the  separating  40 
force,  correspondingly  reducing  the  tensile  stresses. 

The  radial  wall  thickness  of  the  carbide  ring  in 
composite  roll  rings  according  to  the  invention  can  be 
reduced  due  to  the  just  discussed  restrictions  of  the 
tensile  stresses  from  the  separating  force.  Further-  45 
more,  the  torque  transmission  by  conventional  key 
joints  or  similar  does  not  add  to  the  tangential  tensile 
stresses.  Also  when  driving  by  friction  in  the  bore  of 
composite  roll  rings,  or  when  mounting  with  press  fit 
between  the  composite  roll  ring  and  the  spindle,  the  50 
resulting  tensile  stress  in  the  carbide  ring  is  limited  in 
relation  to  that  of  roll  rings  of  solid  carbide. 

Compared  to  roll  rings  of  solid  carbide  with  key- 
ways  or  lugs  in  the  ring  faces,  the  carbide  rings  in 
composite  roll  rings  according  to  the  invention  can  be  55 
made  more  narrow  by  locating  the  driving  devices  in 
the  cast  iron  part. 

Altogether  the  composite  roll  ring  according  to 

the  invention  is  characterised  by  a  carbide  ring  having 
smaller  dimensions  than  roll  rings  of  solid  carbide,  re- 
sulting  in  lower  costs.  Furthermore,  the  carbide  ring 
has  to  be  machined  on  the  outer  surface  only,  often 
by  turning  and  then  perferably  of  carbide  grades  con- 
taining  20  or  more  percent  by  weight  of  binder  phase, 
and  the  machining  of  the  bore,  faces  and  driving  de- 
vices  is  made  in  cast  iron,  being  more  easily  ma- 
chined  than  carbide,  also  resulting  in  lower  costs. 

The  grooves  necessary  for  torque  transmission 
can  be  made  in  the  bore  or  on  the  faces  of  the  com- 
posite  roll  ring.  One  or  several  composite  roll  rings 
can  be  mounted  on  a  roll  body  with  journals  in  both 
ends,  and  which  has  parts  fitting  in  the  grooves  of  the 
composite  roll  ring,  thereby  transmitting  the  torque 
from  the  spindle  either  directly  or  via  an  intermediate 
sleeve.  Some  alternative  designs  are  shown  in  figure 
1  -  3. 

Figure  1  shows  a  roll  design  where  the  torque  is 
transmitted  from  the  spindle  1  via  keys  2,  fastened  in 
the  middle  part  3  of  the  spindle  and  fitting  in  the  key- 
ways  4  of  the  composite  roll  ring,  to  the  ductile  iron 
part  5  of  the  composite  roll  ring  and  via  the  metallurg- 
ical  bond  A  to  the  carbide  ring  6.  The  roll  rings  are 
fixed  via  the  sleeve  7  by  the  nut  8  with  a  locking  screw 
9. 

Figure  2  shows  a  roll  design  where  the  torque  is 
transmitted  from  the  spindle  1  via  the  key  2  to  the 
sleeve  3,  whose  driving  lugs  4  fitting  in  the  grooves  5 
transmit  the  torque  to  the  ductile  iron  part  6  of  the 
composite  roll  ring  and  via  the  metallurgical  bond  A 
further  to  the  carbide  ring  7.  The  relative  axial  position 
of  the  roll  rings  is  determined  by  the  sleeve  3  and  is 
fixed  via  the  sleeve  8  by  the  nut  9  with  a  locking  screw 
10. 

Figure  3  shows  a  roll  design  where  the  torque  is 
transmitted  from  the  spindle  1  via  the  key  2  in  the  key- 
way  3  to  the  ductile  iron  part  4  of  the  composite  roll 
ring  and  via  the  metallurgical  bond  A  further  to  the 
carbide  ring  5.  The  roll  rings  are  fixed  via  the  sleeve 
6  by  the  nut  7  with  the  locking  screw  8. 

Figure  4  shows  a  composite  roll  ring  mounted  on 
a  free  spindle  end  i.e.  the  roll  spindle  has  no  bearing 
on  one  side  of  the  roll  ring.  The  torque  is  transmitted 
by  friction  in  the  bore  of  the  roll  ring,  generated  by  the 
tapered  sleeve  2  driven  up  the  taper  part  of  the  spin- 
dle  1,  to  the  ductile  iron  part  3  of  the  composite  roll 
ring  and  via  the  metallurgical  bond  A  to  the  carbide 
ring  4. 

Composite  roll  rings  with  carbide  rings  cast  into 
ductile  iron  have  been  tested  in  finishing  and  inter- 
mediate  rod  mills,  mounted  on  roll  bodies  with  jour- 
nals  in  both  ends  as  well  as  on  free  spindle  ends. 
They  have  also  been  tested  as  rolls  for  rolling  rein- 
forcement  bars  and  tubes  and  as  pinch  rollers.  Their 
performance  has  been  in  good  agreement  with  the 
experience  of  carbide  hot  rolls  gained  since  1965. 
Carbide  rings  in  the  diameter  range  of  100-500  mm, 
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preferably  200-450  mm,  and  the  drive  by  driving  de- 
vices  in  the  ductile  iron  open  up  utilization  also  in  bar 
mills.  Carbide  rings  with  diameters  up  to  500  mm 
make  possible  utilization  in  cold  rolling  mills  and  in 
other  roll  applications. 

Example 

A  sintered  cmented  carbide  ring  with  70  %  WC  in 
a  binder  phase  consisting  of  13  %  Co,  15  %  Ni  and  2 
%  Cr  was  blasted  to  clean  its  surface  from  any  adher- 
ing  materials.  The  outer  diameter  of  the  ring  was  340 
mm,  the  inner  diameter  270  mm  and  its  width  85  mm. 
A  ring  of  sand  was  formed  around  the  carbide  ring  and 
it  was  then  placed  in  a  bottom  flask  of  a  mould  with 
suitable  shape  and  dimensions  and  provided  with  the 
necessary  channels  and  an  overflow  box  for  the  mol- 
ten  iron.  A  ring  of  an  exothermic  material  was  placed 
in  the  top  flask  of  the  mould  and  the  two  flasks  were 
put  together  and  firmly  locked. 

Molten  iron  with  a  temperature  of  1550°C  and 
with  a  composition  in  weight  percent  of  3,7  C,  2,3  Si, 
0,3  Mn,  5,4  Ni,  0,2  Mo,  0,05  Mg,  and  balance  Fe,  was 
poured  into  the  mould.  In  connection  herewith  inocu- 
lants  of  ferro-silicium-magnesium  was  added,  includ- 
ed  in  the  aforementioned  analysis.  The  molten  iron 
was  poured  into  the  mould  in  such  an  amount  and  at 
such  a  flow  rate,  that  a  suitable  melting  of  the  cement- 
ed  carbide  surface  was  obtained.  When  the  iron  had 
risen  to  the  exothermic  material,  it  started  to  burn 
adding  heat  to  the  iron.  The  mould  cooled  slowly  to 
room  temperature  after  which  the  roll  was  removed 
from  the  mould,  excessive  iron  cut  off  and  the  roll 
cleaned.  The  quality  of  the  bond  and  the  absence  of 
flaws  in  the  iron  was  checed  by  ultrasonic  methods. 

The  roll  was  then  heat  treated  to  transform  re- 
tained  austenite  to  bainite  by  heating  to  900°C  and 
keeping  at  that  temperature  for  six  hours  then  lower- 
ing  the  temperature  to  450°C  and  keeping  there  for 
four  hours  before  cooling  to  room  temperature.  Final- 
ly,  the  roll  was  machined  by  turning  tofinal  shape  and 
dimension  viz.  innerdiameterof  the  bore  255  mm  and 
width  120  mm. 

the  cast  iron  and  the  cemented  carbide  as  a  re- 
sult  from  cooling  after  the  casting. 

5  Patentanspruche 

1.  Walzring,  vorzugsweise  fur  Heili-  und/oder  Kalt- 
walzen,  wobei  die  Walzflache  einen  oder  mehre- 
re  Hartmetallringe  umfalit,  die  in  ein  aus  einer  Ei- 

10  senlegierung  gefertigtes  Gehause  gegossen 
sind,  gekennzeichnet  durch  eine  Gulilegierung, 
die  erheblich  graphitisches  Gulieisen  umfalit, 
welches  nach  dem  Gielien  5  bis  30,  vorzugswei- 
se  15  bis  20  Gew.-%  Restaustenit  enthalt,  wei- 

rs  cher  bei  anschlieliender  Hitzebehandlung  oder 
Hitzebehandlungen  teilweise  oder  insgesamt  un- 
ter  Volumenvergrolierung  hauptsachlich  zu  Bai- 
nit  mit  dem  Ziel  umgewandelt  ist,  die  unterschied- 
liche  Schrumpfung  zwischen  dem  Gulieisen  und 

20  dem  Hartmetall  als  Ergebnisdes  Abkuhlens  nach 
dem  Gielien  zu  vermindern  oder  vollig  auszu- 
schalten. 

25  Revendications 

1.  Bague  de  laminage,  de  preference  pour  un  lami- 
nage  a  chaud  et/ou  a  froid  dans  lequel  le  train  de 
laminoir  comprend  une  ou  plusieurs  bagues  en 

30  carbure  cemente  coulees  dans  une  enveloppe  en 
fonte  alliee,  caracterisee  par  un  alliage  de  fonde- 
rie  comprenant  une  fonte  de  fer  materiellement 
graphitique  qui  contient  apres  la  coulee  5  a  30,  de 
preference  1  5  a  20,  pour  cent  en  poids  d'austeni- 

35  te  residuelle,  et  qui  est  ensuite  transformee,  en 
partie  ou  en  total  ite,  principalement  en  bainite 
avec  accroissement  de  volume  lors  d'un  traite- 
ment  ou  de  plusieurs  traitements  thermiques  ul- 
terieurs  dans  le  but  de  reduire  ou  d'eliminertota- 

40  lement  le  retrecissement  differentiel,  resultant 
d'un  refroidissement  apres  la  coulee,  entre  la  fon- 
te  de  fer  et  le  carbure  cemente. 

45 
Claims 

1.  Roll  ring,  preferably  for  hot  and/or  cold  rolling  by 
which  the  rolling  track  comprises  one  or  several 
cemented  carbide  rings  cast  into  a  casing  made  so 
by  an  iron  alloy,  characterised  by  a  cast  alloy 
comprising  a  materially  graphitic  cast  iron,  which 
after  the  casting  contains  5-30,  preferably  15-20 
percent  by  weight  residual  austenite,  which  at 
subsequent  heat  treatment  or  treatments  partly  55 
or  totally  is  transformed  under  volume  increase  to 
mainly  bainite  with  the  aim  of  reducing  or  totally 
eliminating  the  differential  shrinkage  between 
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