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Rolling  method  and  rolling  machine. 

provided  on  the  inlet  side  of  work  rolls  for  rolling. 
FiS.  2 

©  A  workpiece  to  be  rolled  is  formed  in  its  surface 
00  with  a  large  number  of  recesses  for  retaining  a 
Q'ubricating  fluid  therein,  and  then  the  workpiece  is 

rolled  while  the  lubricating  fluid  is  confined  in  the 
N  recesses.  A  rolling  machine  comprising  a  rolling  mill 
2   further  includes  a  recess  impressing  unit  for  forming 

a  large  number  of  recesses  in  the  surface  of  the 
©  workpiece,  which  is  provided  on  the  inlet  side  of  the 
Q  ̂ rolling  mill.  The  recess  impressing  unit  includes  a 
111  pair  of  pinch  rolls  formed  with  a  large  number  of 

projections.  The  rolling  machine  further  includes  a 
nozzle  for  spraying  the  lubricating  fluid  which  is 

I9 
12 

I2 
20 

Xerox  Copy  Centre 



EP  0  342  408  A1 

Rolling  Method  And  Rolling  Machine 

BACKGROUND  OF  THE  INVENTION In  case  of  cold  roiling,  to  increase  the  reduction 
ratio,  the  pressure  within  the  contacting  arc  region 
between  the  band  plate  and  the  work  roll  for  rolling 
the  former  is  made  very  high;  thus,  the  rolling 
lubricating  agent  cannot  get  enough  into  the  con- 
tacting  arc  region  of  the  roll  to  thereby  exert  only  a 
poor  lubrication  effect. 

I.  Field  of  the  Invention 

This  invention  relates  to  a  method  and  a  ma- 
chine  for  rolling  metal  plate,  shape  steel,  bar  steel, 
etc.  made  of  steel,  aluminum  and  the  like  with  a 
reduced  coefficient  of  friction. 

w  SUMMARY  OF  THE  INVENTION 

In  view  of  the  foregoing  circumstances,  it  is  the 
object  of  the  present  invention  to  provide  band 
plate  rolling  method  and  rolling  machine  capable  of 
reducing  the  abrasion  of  rolls  of  a  rolling  mill, 
decreasing  the  rolling  load,  keeping  the  reduction 
ratio  identical  with  the  prior  art,  and  making  the 
rolling  machine  compact. 

To  achieve  the  foregoing  object,  a  rolling  meth- 
od  according  to  the  present  invention  is  character- 
ized  by  the  steps  of  forming  a  large  number  of 
recesses  in  the  surface  of  a  workpiece  to  be  rolled 
and  rolling  the  workpiece  while  confining  a  lubricat- 
ing  fluid  in  the  recesses,  and  a  rolling  machine 
according  to  the  present  invention  is  characterized 
by  a  recess  impressing  unit  provided  on  the  inlet 
side  of  a  rolling  mill  for  rolling  a  workpiece  to  be 
rolled,  for  forming  a  large  number  of  recesses 
adapted  to  retain  a  lubricating  fluid  therein  in  the 
surface  of  the  workpiece. 

In  operation,  a  large  number  of  recesses  are 
formed  in  the  surface  of  a  workpiece  to  be  rolled 
by  the  recess  impressing  unit  provided  on  the  inlet 
side  of  the  rolling  mill,  then,  at  the  time  of  rolling 
the  workpiece  by  the  rolling  mill,  a  lubricating  fluid 
is  retained  and  confined  in  the  recesses,  and  when 
the  workpiece  is  pressed,  the  lubricating  fluid  thus 
confined  is  expanded  thin  to  form  a  boundary  film. 
It  should  be  noted  that  the  recesses  disappear  as 
the  rolling  of  the  workpiece  progresses,  and  the 
surface  of  the  workpiece  after  the  rolling  becomes 
smooth. 

2.  Description  of  the  Prior  Art 

In  rolling  a  band  plate  made  of  steel,  aluminum 
and  the  like,  nowadays,  a  hot  strip  mill  is  used  in 
case  of  hot  rolling,  or  a  tandem  cold  mill  is  used  in 
case  of  cold  rolling,  for  example.  In  such  mills,  the 
band  plate  is  rolled  thin  by  putting  it  between  a  pair 
of  upper  and  lower  rotating  work  rolls.  To  reduce 
the  friction  arising  between  the  work  roll  and  the 
band  plate  when  the  rolling  takes  place,  hitherto, 
fluid  such  as  a  rolling  lubricating  agent  was  sup- 
plied  to  the  surface  of  the  work  roll  to  decrease  a 
load  devoted  to  causing  plastic  deformation.  In  this 
regard,  the  lubricating  agent  is  effective  in  prevent- 
ing  the  generation  of  abrasion  of  the  work  roll  and 
of  flaws  in  the  surface  of  a  workpiece  to  be  rolled. 

In  case  of  hot  rolling,  however,  the  temperature 
of  the  band  plate  reaches  about  900°C  to  1200°C, 
and  the  rolling  lubricating  agent  supplied  to  the 
work  roll  loses  its  lubricating  power  because  it 
generally  bums  at  temperatures  above  2Q0°C.  Con- 
sequently,  the  rolling  lubricating  agent  adhering  to 
part  of  the  work  roll  exerts  only  a  poor  lubrication 
effect,  thereby  increasing  the  abrasion  of  the  roll. 
With  an  increase  in  abrasion  of  the  roll,  the  coeffi- 
cient  of  friction  between  the  band  plate  and  the  roll 
increases;  hence,  a  large  rolling  load  must  be  im- 
posed  to  keep  the  reduction  ratio  of  the  band  plate. 

According  to  the  conventional  hot  rolling  pro- 
cess,  there  is  no  fluid,  but  air  present  between  the 
work  roll  and  the  band  plate,  and  the  air  cannot 
contribute  as  a  boundary  film  because  of  its  com- 
pressibility,  thus,  it  is  deemed  that  every  surface 
region  of  the  band  plate  is  brought  into  a  boundary 
friction  state  wherein  metal-to-metal  contact  pre- 
vails.  Therefore,  the  coefficient  of  friction  between 
*he  work  roil  and  the  band  plate  becomes  0.2  or 
more  (ui  0.2  );  consequently,  the  rolling  load  in- 
creases,  the  surface  of  the  roll  becomes  rough,  the 
roll  wears,  and  so  on. 

As  a  result,  the  rolled  band  plate  has  surface 
rreguiarity  in  the  widthwise  direction,  such  as  local 
projection  or  high  spot,  defective  shape,  and  zigzag 
pattern. 
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BRIEF  DESCRIPTION  OF  THE  DRAWINGS 45 

Fig.  1  is  a  schematic  view  of  an  embodiment 
of  a  rolling  machine  according  to  the  present  inven- 
tion; 

Fig.  2  is  an  enlarged  view  of  an  important 
portion  of  the  embodiment; 

Fig.  3  is  a  perspective  view  of  a  pinch  roll 
with  projections  of  the  embodiment; 

50 



EP  0  342  408  A1 

and  1  5.  Thereafter,  at  the  time  of  the  band  plate  M 
being  rolled,  the  lubricating  fluid  L  in  the  recesses 
12  is  temporarily  confined  in  the  recesses  12  be- 
cause  the  surfaces  of  the  work  rolls  14  and  15 

5  contact  with  the  opening  margins  of  the  recesses 
12.  On  the  other  hand,  the  fluid  adhering  to  the 
surfaces  of  the  work  rolls  14  and  15  is  introduced 
into  the  recesses  12  as  the  work  rolls  14  and  15 
rotate.  Then,  when  the  rolling  progresses,  the  fluid 

w  L  confined  in  the  recesses  12  forms  a  boundary 
film  over  the  contacting  portions  between  the  work 
rolls  14  and  15  and  the  band  plate  M  because  the 
recesses  12  are  gradually  expanded  thin  arid  flat 
within  the  contacting  arc  region.  Since  due  to  the 

r5  formation  of  the  boundary  film  the  fluid  L  largely 
remains  in  the  contacting  arc  region  at  the  time  of 
the  band  plate  M  being  rolled  in  contrast  with  the 
prior  art,  the  abrasion  of  the  roll  is  reduced. 

Further,  since  a  large  number  of  recesses  12 
20  are  formed  in  the  band  plate  M,  the  amount  of  the 

fluid  L  being  sprayed  is  sufficient  if  it  is  confined  in 
the  recesses  12  to  remain  therein  enough,  thus,  the 
consumption  of  the  fluid  L  can  be  decreased  re- 
markably  compared  with  the  prior  art. 

25  Although  the  foregoing  embodiment  uses  the 
projection-provided  pinch  rolls  22  and  23  to  form 
the  recesses  12  wherein  the  plastic  working  is 
attained  through  rolling,  the  recesses  12  may  be 
formed  through  pressing  or  cutting. 

30  Here,  considering  the  reduction  of  the  coeffi- 
cient  of  friction  between  the  work  roll  and  the  band 
plate  according  to  the  present  invention,  a  general 
expression  of  the  frictional  shearing  stress  t  will  be 
given  below. 

35  t  =  arb  +  (  1  -  a  )  t{ 
where  rb  (  =  UP)  boundary  friction  zone, 

Fig.  4  is  a  perspective  view  of  a  band  plate 
formed  with  recesses;  and 

Fig.  5  is  a  graph  showing  the  relationship 
between  the  rolling  load  and  the  reduction  ratio. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENT 

The  present  invention  will  now  be  described  in 
greater  detail. 

Fig.  1  is  a  schematic  view  of  a  rolling  machine 
according  to  the  present  invention,  and  Fig.  2  is  an 
enlarged  view  of  an  important  portion  of  the  rolling 
machine.  As  shown  in  these  drawings,  the  rolling 
machine  10  comprises  a  rolling  mill  11  for  rolling  a 
band  plate  M,  and  a  recess  impressing  unit  13  for 
forming  recesses  12  in  both  sides  of  the  band  plate 
M  on  the  inlet  side  of  the  rolling  mill  11. 

The  rolling  mill  11  includes  upper  and  lower 
work  rolls  14  and  15  for  rolling  the  band  plate  M, 
and  backup  rolls  16  and  17  rotatable  in  contact 
with  the  upper  and  lower  work  rolls  14  and  15  to 
bear  the  reaction  thereof,  these  individual  rolls  be- 
ing  rotatably  supported  by  a  housing  1  8. 

Nozzles  19  and  20  are  provided  on  the  inlet 
side  of  the  band  plate  M  in  relation  to  the  work  rolls 
1  4  and  1  5  to  spray  a  lubricating  fluid  L  to  individual 
contacting  portions  of  the  band  plate  M  with  the 
work  rolls  14  and  15. 

The  recess  impressing  unit  13  provided  on  the 
upstream  side  of  the  roiling  mill  1  1  includes  a  pair 
of  projection-provided  pinch  rolls  22  and  23  having 
a  large  number  of  projections  21  as  shown  in  Fig. 
3,  these  pinch  rolls  being  rotatably  supported  by  a 
housing  24  so  as  to  pinch  the  band  plate  M  being 
fed. 

It  should  be  noted  that  the  curvature  of  the 
recess  12  formed  by  the  projection  21  is  made 
larger  than  that  of  the  work  roll  14,  but  the  shape  of 
the  recess  12  may  take  any  form  if  it  can  be 
pressed  completely  flat  at  the  time  of  rolling. 

Further,  the  pinch  rolls  22  and  23  pinch  the 
band  plate  M  at  a  pressure  enough  for  the  recess 
12  to  be  formed  by  the  corresponding  projection 
21  by  virtue  of  the  plastic  deformation  of  the  band 
plate  M  being  fed. 

Accordingly,  when  the  band  plate  M  is  fed 
rightward  in  Fig.  1,  at  first,  a  large  number  of 
recesses  12  are  formed  in  both  sides  of  the  band 
plate  M  by  the  recess  impressing  unit  13  as  shown 
in  Fig.  4.  Then,  when  the  band  plate  M  formed  with 
the  recesses  12  is  fed  to  the  rolling  mill  11,  the 
fluid  L  sprayed  to  the  contacting  portions  between 
the  work  rolls  14  and  15  and  the  band  plate  M  is 
retained  in  the  recesses  12  before  being  caught  in 
the  contacting  arc  regions  a  of  the  work  rolls  14 

-Cr  H &  
40 

is  a  fluid  friction  zone,  uis  the  coefficient  of  bound- 
ary  friction,  P  is  the  bearing  pressure  of  the  roll,   ̂
is  the  viscosity  of  the  fluid,  u  is  the  speed  of  the 
fluid,  h  is  the  thickness  of  the  fluid,  and  a  is  the 
area  ratio  of  the  boundary  friction  zone. 

Generally,  u  =  0.2  to  0.5,  and  t^ t , .   Therefore, 
the  frictional  shearing  stress  r  can  be  decreased  if 
the  area  ratio  a  is  decreased. 

That  is,  according  to  the  present  invention,  to 
decrease  the  area  ratio  a,  a  large  number  of  reces- 
ses  12  are  formed  in  the  surface  of  the  band  plate 
M  before  rolling,  and  the  rolling  is  performed  while 
confining  the  fluid  L  in  the  recesses  12.  Therefore, 
the  value  of  the  area  ratio  a  can  be  arbitrarily 
controlled  by  confining  the  fluid  L  in  the  recesses 
12  formed  in  the  band  plate  M. 
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Further,  compared  with  the  prior  art,  the  fluid 
lubrication  effect  can  be  enhanced  only  by  confin- 
ng  a  small  amount  of  fluid  L  in  the  recesses  12. 

As  the  lubricating  fluid  used  in  the  present 
nvention,  there  are  lubricating  oil  (  such  as  mineral  5 
oil  used  hitherto),  water,  a  mixture  of  water  and 
lubricating  oil,  etc.  Especially,  in  case  of  hot  rolling, 
those  may  be  used  such  as  molten  salt  and  glass 
which  change  to  a  liquid  state  depending  on  the 
temperature  condition  of  the  band  plate  (at  high  10 
temperatures  ). 

As  described  above,  the  present  invention  can 
really  reduce  the  coefficient  of  friction  in  both 
cases  of  hot  roiling  and  cold  rolling  of  the  band 
plate  M.  75 

Specifically,  in  case  of  hot  rolling,  due  to  the 
adiabatic  effect  of  the  confined  fluid,  the  quantity  of 
heat  conducted  from  the  band  plate  to  the  work  roll 
can  be  reduced,  preventing  the  band  plate  from 
being  cooled  by  the  work  roll,  this  feature  being  20 
advantageous  to  the  problem  of  heat  resistance  of 
the  roll  and  the  like. 

Test  performed  will  be  described  below  to 
show  the  effectiveness  of  the  present  invention. 

In  the  test,  the  band  plate  was  an  Al  plate  of  25 
1  0mm  thick,  which  was  rolled  at  room  temperature 
using  a  rolling  mill  having  work  rolls  of  200mm 
diameter. 

The  lubricating  agent  was  water,  and  the  Al 
plate  was  machined  to  have  recesses  of  3mm  30 
diameter  arranged  at  a  pitch  of  3mm. 

A  reference  workpiece  was  an  Al  plate  having 
no  recess,  which  was  similarly  subjected  to  testing. 

Fig.  5  shows  the  result  of  the  test.  As  shown  in 
Fig  5:  the  rolling  load  was  reduced  in  accordance  35 
with  the  present  invention  by  about  20%  to  40% 
compared  with  the  reference  workpiece  having  no 
recess,  this  exhibiting  the  effectiveness  of  the 
present  invention. 

Therefore,  according  to  the  present  invention,  40 
the  rolling  load  can  be  significantly  reduced  com- 
pared  with  the  prior  art;  consequently,  the  individ- 
ual  components  of  the  rolling  mill,  such  as  the 
backup  rolls  and  housing  for  supporting  the  work 
rolls,  can  be  made  compact,  allowing  the  rolling  45 
mill  to  be  manufactured  at  low  costs. 

As  described  in  detail  with  reference  to  the 
embodiment  and  the  test,  the  present  invention  can 
reduc8  the  coefficient  of  friction  of  the  workpiece  at 
the  time  of  rolling  and  provide  a  large  reduction  50 
ratio  even  if  the  rolling  load  is  kept  very  small. 
Further,  the  surface  roughness  and  abrasion  of  the 
rolling  roll  are  reduced,  the  fluid  serves  effectively 
as  an  adiabatic  agent,  and  the  heat  resistance  of 
the  roll  is  enhanced.  In  addition,  with  the  rolling  55 
load  reduced,  the  rolling  mill  can  be  made  com- 
pact. 

Claims 

1  .  A  rolling  method  characterized  by  the  steps 
of  forming  a  large  number  of  recesses  in  the  sur- 
face  of  a  workpiece  to  be  rolled,  and  rolling  the 
workpiece  while  confining  a  lubricating  fluid  in  the 
recesses. 

2.  A  rolling  machine  characterized  by  a  recess 
impressing  unit  provided  on  the  inlet  side  of  a 
rolling  mill  for  rolling  a  workpiece  to  be  rolled,  for 
forming  in  the  surface  of  the  workpiece  a  large 
number  of  recesses  adapted  for  the  retaining  of  a 
lubricating  fluid  therein. 

3.  A  rolling  machine  according  to  claim  2, 
wherein  said  recess  impressing  unit  includes  a  pair 
of  pinch  rolls  formed  with  a  large  number  of  projec- 
tions. 

4.  A  rolling  machine  according  to  claim  2, 
further  including  a  nozzle  for  spraying  the  lubricat- 
ing  fluid  which  is  provided  on  the  inlet  side  of  work 
rolls  for  rolling. 
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