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©  Rolling  mill. 

©  An  improved  rolling  mill  comprising  a  roll-cross-  crossed  arrangement  are  rotated  by  appropriate  an- 
ing  device  and  a  sleeve-roll  type  backup  roll  is  gles  to  form  crown  patterns  respectively  on  the 
disclosed  herein,  which  can  simultaneously  control  a  upper  and  lower  work  rolls  11. 
sheet  crown  of  a  rolled  sheet  material  and  complex  If  a  V-shaped  crown  in  this  crown  pattern  is 
sheet  configuration  defects  such  as  composite  elon-  insufficient,  then  the  upper  and  lower  work  rolls  1  1 
gation.  and  backup  rolls  10  are  made  to  rotate  further  about 

Upon  rolling  a  sheet  material  S,  upper  and  lower  their  central  portion  in  the  axial  direction  by  means 
work  rolls  11  having  their  axes  disposed  so  as  to  of  hydraulic  cylinders  15  to  make  the  upper  and 
cross  with  each  other  within  a  plane  in  parallel  to  a  lower  rolls  further  cross  with  each  other,  and  by 
sheet  surface  of  the  sheet  material  to  be  rolled  is  adjusting  this  cross  angle,  a  sheet  crown  of  the 
rotationally  driven,  and  roll  support  shafts  1  of  upper  rolled  sheet  material  S  and  sheet  configuration  de- 
and  lower  backup  rolls  10  disposed  similarly  in  a  fects  such  as  composite  elongation  and  the  like  are 
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BACKGROUND  OF  THE  INVENTION: 

1.  Field  of  the  Invention: 

The  present  invention  relates  to  a  rolling  mill 
provided  with  a  roll-crossing  device  and  sleeve-roll 
type  backup  rolls. 

2.  Description  of  the  Prior  Art: 

Fig.  8  shows  a  general  concept  of  one  example 
of  a  cross-roll  type  rolling  mill  in  the  prior  art,  in 
which  upper  and  lower  work  rolls  11  and  backup 
rolls  21  are  made  to  cross  with  each  other  by 
turning  them  in  the  opposite  directions  to  each 
other  between  the  upper  and  lower  rolls  about  their 
central  portions  in  the  axial  direction  of  the  rolls, 
and  a  sheet  crown  of  a  rolled  material  S  is  con- 
trolled  by  adjusting  this  cross  angle. 

In  addition,  Fig.  9  shows  a  backup  roll  in  one 
example  of  a  sleeve  roll  type  rolling  mill  in  the  prior 
art  in  cross-section,  and  this  backup  roll  10  is 
composed  of  a  roll  support  shaft  1  which  is  pro- 
vided  with  a  central  eccentric  portion  2,  intermedi- 
ate  eccentric  portions  3  and  opposite  end  eccentric 
portions  4  and  is  rotatable,  outer  rings  divided  into 
5  pieces  along  its  axial  direction  and  respectively 
fitted  around  the  respective  eccentric  portions  2,  3 
and  4  via  rolling  bearings  5  in  a  freely  rotatable 
manner,  that  is,  divided  rolls  7,  8  and  9,  and  a 
sleeve  6  accommodating  these  respective  divided 
rolls  7,  8  and  9  and  adapted  to  rotate  jointly  with 
the  respective  divided  rolls  7,  8  and  9  according  to 
rotation  of  the  work  rolls  1  1  . 

Fig.  10  shows  eccentric  states  of  the  centers 
C2,  C3  and  C4  of  the  respective  eccentric  portions 
2,  3  and  4  with  respect  to  the  axis  C1  of  the  roll 
support  shaft  1  and  rotation  loci  of  the  respective 
divided  rolls  7,  8  and  9,  and  crown  patterns  of  the 
work  roll  1  1  at  the  respective  rotation  angles  are  as 
shown  in  Fig.  11.  And,  a  sheet  configuration  of  a 
rolled  material  S  is  controlled  by  depressing  the 
work  roll  1  1  with  the  roll  support  shaft  1  rotated  to 
an  appropriate  angle. 

However,  among  the  prior  art  as  described 
above,  the  heretofore  known  cross-roll  type  rolling 
mill  shown  in  Fig.  8  has  a  shortcoming  that  while  a 
sheet  crown  such  as  simple  center  elongation,  end 
elongation  or  the  like  of  a  rolled  material  can  be 
controlled  by  gap  adjustment  between  the  upper 
and  lower  work  rolls  which  corresponds  to  a  V- 
shaped  crown  of  a  work  roll  caused  by  roll  bend- 
ing,  complex  elongation  in  which  center  elongation, 
middle  elongation,  end  elongation  and  the  like  co- 
exist  cannot  be  controlled. 

Also,  in  the  rolling  mill  having  the  sleeve  roll 
type  backup  rolls  explained  above  with  reference  to 
Figs.  9  to  11,  there  is  a  shortcoming  that  while  it  is 

possible  to  control  the  above-described  complex 
elongation  by  forming  a  V-,  W-,  A-  or  M-shaped 
crown,  if  amounts  of  eccentricity  of  the  respective 
divided  rolls  are  made  too  large  in  order  to  make  a 

5  crown  pattern  large,  then  loads  borne  by  the  re- 
spective  rolling  bearings  would  increase,  and 
hence  lives  of  the  rolling  bearing  and  the  sleeve 
would  be  lowered. 

70  SUMMARY  OF  THE  INVENTION: 

It  is  therefore  a  principal  object  of  the  present 
invention  to  provide  a  rolling  mill,  which  is  free 
from  the  above-mentioned  shortcomings  in  the  pri- 

15  or  art. 
A  more  specific  object  of  the  present  invention 

is  to  provide  a  rolling  mill,  which  can  largely  control 
a  crown  pattern  for  a  work  roll  without  increasing 
amounts  of  eccentricity  of  the  respective  divided 

20  rolls  though  a  sleeve  roll  type  backup  roll  is  em- 
ployed. 

Another  object  of  the  present  invention  is  to 
provide  a  rolling  mill  including  a  roll-crossing  de- 
vice  for  making  respective  axes  of  upper  and  lower 

25  work  rolls  and  upper  and  lower  backup  rolls  held  in 
circumferential  contact  with  the  same  work  rolls 
cross  with  each  other  within  a  plane  in  parallel  to  a 
rolled  sheet  surface,  wherein  control  of  extremely 
diversified  crown  patterns  can  be  effected  for  the 

30  work  rolls. 
Still  another  object  of  the  present  invention  is 

to  provide  a  rolling  mill  including  a  roll-crossing 
device  for  making  axes  of  upper  and  lower  work 
rolls  cross  with  each  other  within  a  plane  in  parallel 

35  to  a  rolled  sheet  surface,  wherein  control  for  ex- 
tremely  diversified  crown  patterns  can  be  effected 
for  the  work  rolls. 

According  to  one  feature  of  the  present  inven- 
tion,  in  order  to  achieve  the  above-mentioned  ob- 

40  ject  in  a  rolling  mill  including  a  roll-crossing  device 
for  making  respective  axes  of  upper  and  lower 
work  rolls  and  upper  and  lower  backup  rolls  held  in 
circumferential  contact  with  the  same  work  rolls 
cross  with  each  other  within  a  plane  in  parallel  to  a 

45  rolled  sheet  surface  and  rolling  a  metal  sheet  ma- 
terial  between  the  same  work  rolls,  a  construction 
of  a  sleeve-roll  type  backup  roll  is  employed,  in 
which  the  backup  roll  is  divided  into  three  or  more 
rolls  along  its  axial  direction,  these  plurality  of 

50  divided  rolls  are  rotatably  mounted  as  held  eccen- 
tric  on  one  roll  support  shaft  whose  rotary  angle  is 
adjustable,  and  these  plurality  of  divided  rolls  are 
accommodated  within  one  sleeve. 

According  to  another  feature  of  the  present 
55  invention,  in  order  to  achieve  the  above-mentioned 

object  in  a  rolling  mill  including  a  roll-crossing 
device  for  making  axes  of  upper  and  lower  work 
rolls  within  a  plane  in  parallel  to  a  rolled  sheet 
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surface  and  rolling  a  metal  sheet  material  between 
the  same  work  rolls,  a  sleeve-roll  type  backup  roll 
having  the  above-featured  construction  is  em- 
ployed  as  a  backup  roll  held  in  circumferential 
contact  with  the  work  roll. 

According  to  the  present  invention,  a  reversible 
type  rolling  mill  in  which  the  work  rolls  are  rotated 
in  the  normal  and  reverse  directions  and  a  rolled 
metal  sheet  is  made  to  reciprocate  between  the 
work  rolls,  can  be  formed. 

In  addition,  the  rolling  mill  according  to  the 
present  invention  having  the  above-featured  con- 
struction  can  effectively  reveal  its  configuration 
control  capability,  when  it  is  disposed  at  the  loca- 
tion  where  a  rolled  material  forming  a  final  product 
is  to  be  rolled,  that  is,  as  a  rear  stage  rolling  mill 
including  at  least  the  last  stage  in  a  train  of  a 
reversible  rolling  mill  and  cold  or  hot  steel  belt 
rolling  mills. 

Furthermore,  the  rolling  mill  according  to  the 
present  invention  can  be  constructed  with  the 
sleeve-roll  type  backup  roll  having  the  above-men- 
tioned  construction  employed  as  either  one  of  the 
upper  and  lower  backup  rolls. 

As  described  above,  with  the  rolling  mill  ac- 
cording  to  the  present  invention,  a  sheet  crown  of  a 
rolled  material  and  complex  sheet  configuration 
defects  such  as  complex  elongations  or  the  like 
can  be  simultaneously  controlled  by  forming  at 
least  either  one  of  upper  and  lower  backup  rolls 
held  in  circumferential  contact  with  work  rolls  as  a 
sleeve-roll  type  backup  roll,  forming  a  crown  pat- 
tern  on  the  work  roll  by  depressing  that  backup  roll, 
further  making  at  least  the  upper  and  lower  work 
rolls  cross  with  each  other,  adjusting  the  cross 
angle,  and  forming  an  optimum  crown  pattern  on 
the  work  roll  by  adding  a  V-shaped  crown  to  the 
above-described  crown  pattern. 

The  above-mentioned  and  other  objects,  fea- 
tures  and  advantages  of  the  present  invention  will 
become  more  apparent  by  reference  to  the  follow- 
ing  description  of  one  preferred  embodiment  of  the 
present  invention  taken  in  conjunction  with  the  ac- 
companying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS: 

In  the  accompanying  drawings: 
Fig.  1  is  a  side  view  partly  cut  away  showing  an 
essential  part  of  a  rolling  mill  according  to  the 
present  invention,  which  comprises  a  roll-cross- 
ing  device  and  sleeve-roll  type  backup  rolls; 
Fig.  2  is  a  front  view  partly  cut  away  of  the 
rolling  mill  shown  in  Fig.  1; 
Fig.  3  is  a  diagram  showing  crown  patterns 
realized  in  a  rolling  mill  according  to  one  pre- 
ferred  embodiment  of  the  present  invention; 

Fig.  4  is  a  schematic  cross-section  view  showing 
a  sheet  crown  in  a  rolled  sheet; 
Fig.  5  is  an  illustration  showing  dimensions  of 
rolling  mills  used  in  numerical  calculation  of  a 

5  controllable  range  of  a  sheet  crown  by  means  of 
three  kinds  of  rolling  mills; 
Fig.  6  is  a  diagram  showing  results  of  calcula- 
tion  of  a  controllable  range  of  a  sheet  crown  by 
means  of  three  kinds  of  rolling  mills; 

io  Fig.  7  is  a  diagram  showing  a  crown  of  a  rolled 
sheet  when  various  crown  control  functions  were 
used  in  a  rolling  mill  according  to  the  present 
invention; 
Fig.  8  is  a  schematic  side  view  showing  a  gen- 

15  eral  concept  of  one  example  of  a  cross-roll  type 
rolling  mill  in  the  prior  art; 
Fig.  9  is  a  side  view  partly  in  cross-section  of  a 
backup  roll  in  one  example  of  a  sleeve  roll  type 
rolling  mill  in  the  prior  art; 

20  Fig.  10  is  a  schematic  view  showing  displace- 
ment  of  axes  of  respective  divided  eccentric 
rolls  with  respect  to  an  axis  of  a  roll  support 
shaft  as  well  as  rotation  loci  of  the  respective 
divided  eccentric  rolls  within  a  sleeve  roll;  and 

25  Fig.  11  shows  different  crown  patterns  formed 
by  the  sleeve  roll  type  backup  roll  at  its  different 
rotary  angle  position. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
30  MENT: 

Now  the  present  invention  will  be  described  in 
greater  detail  in  connection  to  one  preferred  em- 
bodiment  thereof  with  reference  to  Figs.  1  to  7.  It  is 

35  to  be  noted  that  in  these  figures,  members  and 
parts  equivalent  to  those  of  the  prior  art  apparatus 
shown  in  Figs.  8  to  11  are  given  like  reference 
numerals  and  further  explanation  thereof  will  be 
omitted  here. 

40  In  Figs.  1  and  2,  reference  numeral  12  des- 
ignates  upper  and  lower  work  roll  chocks,  which 
respectively  support  upper  and  lower  work  rolls. 
The  axes  of  the  upper  and  lower  work  rolls  1  1  are 
disposed  so  as  to  cross  with  each  other  within  a 

45  plane  in  parallel  to  a  sheet  surface  of  the  rolled 
sheet  material.  Reference  numeral  13  designates 
upper  and  lower  backup  roll  chocks,  which  respec- 
tively  support  roll  support  shafts  1  of  upper  and 
lower  backup  rolls  10  held  in  circumferential  con- 

50  tact  with  the  work  rolls  1  1  . 
In  the  case  of  the  illustrated  embodiment,  the 

backup  rolls  10  also  have  their  axes  arranged  so  as 
to  cross  with  each  other. 

The  work  roll  chocks  12  and  the  backup  roll 
55  chocks  13  are  mounted  as  fitted  slidably  in  the 

vertical  direction  in  respective  cross-heads  14  em- 
bedded  slidably  in  the  direction  of  a  line  within  the 
both  inside  portions  of  a  housing  20. 

4 
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Reference  numeral  15  designates  hydraulic 
cylinders,  which  are  fixedly  disposed  respectively 
on  the  both  outside  portions  of  the  housing  20,  and 
whose  rod  portions  16  penetrate  through  the  hous- 
ing  20  and  are  connected  to  the  respective  cross- 
heads  14. 

Reference  numeral  17  designates  worm  wheels 
respectively  fitted  and  secured  to  the  upper  and 
lower  roll  support  shafts  1,  and  numeral  18  des- 
ignates  worms  rotated  by  drive  units  not  shown. 

The  backup  roll  10  is,  similarly  to  the  here- 
tofore  known  apparatus  shown  in  Fig.  9,  composed 
of  a  roll  support  shaft  1  provided  with  a  central 
eccentric  portion  2,  intermediate  eccentric  portions 
3  and  opposite  end  eccentric  portions  4  and  rotat- 
ing,  outer  rings  divided  into  five  pieces  along  the 
axial  direction  and  respectively  rotatably  fitted  ar- 
ound  the  respective  eccentric  portions  2,  3  and  4 
via  rolling  bearings  5,  that  is,  divided  rolls  7,  8  and 
9,  and  a  sleeve  6  accommodating  these  respective 
divided  rolls  7,  8  and  9  and  rotating  jointly  with  the 
respective  divided  rolls  7,  8  and  9  accompanying 
rotation  of  the  work  roll  11.  Reference  numeral  7 
designates  a  central  divided  roll,  numeral  8  des- 
ignates  intermediate  divided  rolls,  and  numeral  9 
designates  opposite  end  divided  rolls. 

Next,  description  will  be  made  on  the  operation 
of  the  illustrated  apparatus. 

Upon  rolling  a  material  S  to  be  rolled,  the 
upper  and  lower  work  rolls  11  disposed  with  their 
axes  crossed  with  each  other  are  driven  to  rotate, 
and  by  rotating  the  roll  support  shafts  1  of  the 
upper  and  lower  backup  rolls  10  via  the  worms  18 
and  the  worm  wheels  17,  crown  patterns  are 
formed  respectively  on  the  upper  and  lower  work 
rolls  11. 

If  the  V-shaped  crown  in  this  crown  pattern  is 
insufficient,  then  the  upper  and  lower  work  rolls  1  1 
and  backup  rolls  10  are  further  turned  about  their 
central  portion  in  the  axial  direction  by  means  of 
the  hydraulic  cylinders  15  to  make  the  upper  and 
lower  rolls  cross  with  each  other,  and  defective 
sheet  shape  such  as  a  sheet  crown  and  complex 
elongation  of  the  rolled  material  S  is  controlled  by 
adjusting  this  cross  angle. 

As  a  modified  embodiment  of  the  present  in- 
vention,  a  sleeve-roll  type  backup  roll  could  be 
disposed  only  on  either  one  side  of  the  upper  and 
lower  sides. 

In  addition  as  another  preferred  embodiment, 
only  the  upper  and  lower  work  rolls  could  be  made 
to  cross  with  each  other  without  making  the  backup 
rolls  cross  with  each  other. 

Furthermore,  as  yet  another  preferred  embodi- 
ment,  the  present  invention  could  be  applied  to  a 
reversible  type  rolling  mill,  in  which  there  are  pro- 
vided  a  drive  unit  for  normally  and  reversely  rotat- 
ing  the  work  rolls  and  reversible  traveling  equip- 

ments  in  the  front  and  the  rear  of  the  mill,  and  in 
which  rolling  is  effected  by  making  a  rolled  sheet 
material  reciprocate  through  the  mill. 

The  rolling  mill  according  to  the  present  inven- 
5  tion  has  a  sheet  shape  control  capability  adaptable 

to  every  type  of  defective  sheet  shape  of  a  rolled 
material.  Accordingly,  it  is  preferable  to  equip  the 
rolling  mill  according  to  the  present  invention  at  the 
place  where  a  rolled  material  used  as  a  final  prod- 

io  uct  is  rolled,  and  more  specifically,  it  is  preferable 
to  be  equipped  in  later  stages  at  least  including  the 
final  stage  of  a  train  of  reversible  rolling  mills  and 
cold-  or  hot-steel  belt  rolling  mills. 

By  way  of  example,  in  the  case  where  a  back- 
15  up  roll  having  the  construction  shown  in  Fig.  9  was 

employed  in  a  rolling  mill  according  to  the  present 
invention,  illustrating  the  crown  patterns,  they  have 
the  varieties  shown  in  Fig.  3.  In  this  figure,  the 
column  captioned  "eccentric  state"  corresponds  to 

20  Fig.  10,  but  for  the  sake  of  simplicity,  only  the 
eccentric  positions  of  the  centers  C2,  C3  and  of 
the  respective  eccentric  portions  2,  3  and  4  are 
shown.  Also,  meaning  of  a  parenthesized  descrip- 
tion  such  as  (9  smaller  diameter)  is  indication  of 

25  the  fact  that  a  crown  pattern  is  finely  adjusted  by 
selecting  the  diameters  of  the  opposite  end  divided 
rolls  9  smaller  than  the  diameters  of  the  other  two 
kinds  (central  7  and  intermediate  8)  divided  rolls. 
From  Fig.  3  it  is  seen  that  an  arbitrary  crown 

30  pattern  can  be  formed  by  appropriately  selecting 
the  eccentric  state. 

Next,  in  order  to  clarify  a  difference  in  capabil- 
ities  between  the  rolling  mill  according  to  the 
present  invention  provided  with  a  roll-crossing  de- 

35  vice  and  having  a  sleeve-roll  type  backup  roll  and 
the  known  rolling  mill  only  having  a  sleeve-roll  type 
backup  roll,  a  controllable  range  of  a  sheet  crown 
including  a  common  4-stage  rolling  mill  was  com- 
pared  in  detail  through  numerical  calculation.  As 

40  shown  in  Fig.  4,  a  sheet  crown  is  represented  here 
by  the  following  numerical  values. 

sheet  crown  of  a  sheet  width  end  portion:  C2  =  hc 
-  hE 

45  sheet  crown  of  a  quarter  portion:  =  hc  -  hQ 

here 
hc:  sheet  thickness  of  a  sheet  width  central 

portion 
50  hQ:  sheet  thickness  at  a  quarter  point  of  a 

sheet  width 
hE:  sheet  thickness  at  a  position  25  mm 

apart  from  a  sheet  end 
As  conditions  for  calculation,  dimensions  of 

55  various  portions  of  a  rolling  mill  is  shown  in  Fig.  5. 
Rolling  conditions  are  three  standards  of  sheet 
widths  of  800  mm,  1300  mm  and  2000  mm,  and  a 
rolling  load  is  0.8  tf/mm.  As  a  function  for  crown 

5 
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control,  in  the  conventional  4-stage  rolling  mill,  a 
cross  angle  of  a  cross-roll  type  rolling  mill  was  set 
at  1.5  degrees/one  side  by  work  roll  bending,  and  a 
sleeve-roll  type  backup  roll  was  applied  to  only 
either  one  of  the  upper  and  lower  backup  rolls. 

Results  of  calculation  are  shown  in  Fig.  6.  The 
respective  rolling  mill  types  are  indicated  along  the 
abscissa,  and  three  types  of  rolling  mills  including 
a  4-stage  rolling  mill,  a  sleeve-roll  type  backup  roll 
rolling  mill  and  further  a  sleeve-roll  type  backup  roll 
rolling  mill  provided  with  a  roll-crossing  device  ac- 
cording  to  the  present  invention,  were  compared.  A 
lower  half  of  Fig.  6  shows  a  controllable  range  of  a 
sheet  crown  C2  in  the  sheet  width  end  portion, 
while  an  upper  half  of  Fig.  6  shows  a  control 
amount  AC+  of  a  sheet  crown  in  the  quarter 
portion.  (With  regard  to  the  meaning  of  AC+,  de- 
scription  will  be  made  later.)  It  is  seen  from  this 
figure  that  according  to  the  roll-cross  method,  while 
a  controllable  range  of  the  sheet  crown  C2  can  be 
greatly  broadened,  a  control  amount  of  the  sheet 
crown  C4  is  small,  and  that  on  the  contrary,  a 
control  amount  for  the  sheet  crown  by  the 
sleeve-roll  type  backup  roll  is  large.  Accordingly, 
by  employing  the  rolling  mill  according  to  the 
present  invention  in  which  the  both  types  are  com- 
bined,  defective  shape  of  rolled  material  of  every 
type  can  be  dealt  with. 

More  detailed  illustration  of  the  results  of  cal- 
culation  in  Fig.  6  with  respect  to  the  case  of  a 
sheet  width  of  2000  mm,  is  given  in  Fig.  7.  In  Fig. 
7,  a  crown  of  a  sheet  at  the  time  of  employing 
various  crown  control  functions  is  shown  taking  the 
sheet  crown  C2  in  the  sheet  width  end  portion 
along  an  ordinate  and  the  sheet  crown  in  the 
quarter  portion  along  an  abscissa.  For  instance,  a 
rhombus  formed  by  connecting  points  A,  B,  C  and 
D  represents  variation  of  a  sheet  crown  when  a 
sleeve-roll  type  backup  roll  is  revolved  one  turn 
with  a  roll  cross  angle  fixed  at  zero  degree.  As  the 
cross  angle  is  increased  from  zero  degree,  the 
coordinate  point  representing  a  sheet  crown  moves 
successively  in  the  left-downward  direction,  and  a 
sheet  crown  when  the  sleeve-roll  type  back-up  roll 
is  revolved  one  turn  with  the  cross  angle  fixed  at 
1.5  degrees  is  represented  by  points  A',  B',  C  and 
D'. 

Accordingly,  if  a  crown  pattern  of  a  backup  roll 
is  fixed,  according  to  roll-crossing  a  sheet  crown 
moves  only  on  a  straight  line,  for  example,  con- 
necting  the  points  C  and  C. 

Whereas,  by  varying  a  crown  pattern  and 
changing  a  cross  angle  by  means  of  sleeve-roll 
type  backup  rolls,  a  sheet  crown  can  take  any 
arbitrary  point  within  a  hexagon  formed  by  con- 
necting  points  A,  B,  B',  D',  C,  and  C.  The  quarter 
portion  sheet  crown  control  amount  AC+  shown  in 
the  upper  half  of  Fig.  6  is  representation  of  a  width 

in  the  direction  of  the  abscissa  of  this  hexagon. 
As  described  in  detail  above,  in  the  rolling  mill 

according  to  the  present  invention,  since  a  V- 
shaped  crown  can  be  further  added  to  the  V-,  W-, 

5  A-  and  M-shaped  crown  patterns  formed  by  the 
sleeve-roll  type  backup  rolls  owing  to  provision  of 
both  a  roll-crossing  device  and  sleeve-roll  type 
backup  rolls,  the  respective  crown  patterns  are 
further  diversified,  a  sheet  crown  of  a  rolled  ma- 

10  terial  and  complex  sheet  configuration  defects  such 
as  composite  elongations  can  be  simultaneously 
controlled. 

In  addition,  it  becomes  possible  to  sufficiently 
control  a  sheet  configuration  even  if  the  eccentric 

15  amounts  of  the  respective  divided  rolls  are  not 
enlarged,  and  so,  lives  of  the  rolling  bearings  for 
supporting  the  respective  divided  rolls  can  be  elon- 
gated. 

While  the  present  invention  has  been  de- 
20  scribed  above  in  detail  with  respect  to  a  number  of 

preferred  embodiments,  the  present  invention 
should  not  be  limited  to  the  above-described  re- 
spective  preferred  embodiments,  but  various 
changes  in  design  could  be  made  thereto  within 

25  the  scope  of  the  technical  concept  of  the  present 
invention. 

Claims 

30  1.  A  rolling  mill  including  a  roll-crossing  device 
for  making  respective  axes  of  upper  and  lower 
work  rolls  and  upper  and  lower  backup  rolls 
held  in  circumferential  contact  with  said  work 
rolls  cross  with  each  other  within  a  plane  in 

35  parallel  to  a  rolled  sheet  surface  and  rolling  a 
metal  sheet  material  between  said  work  rolls; 
characterized  in  that  said  backup  roll  (10)  is 
constructed  as  a  sleeve-roll  type  backup  roll,  in 
which  the  backup  roll  is  divided  into  three  or 

40  more  rolls  along  its  axial  direction,  said  plural- 
ity  of  divided  rolls  (2,  3,  4)  are  rotatably  moun- 
ted  as  held  eccentric  on  one  roll  support  shaft 
(1)  whose  rotary  angle  is  adjustable,  and  said 
plurality  of  divided  rolls  (2,  3,  4)  are  all  accom- 

45  modated  within  one  sleeve  (6). 

2.  A  rolling  mill  including  a  roll-crossing  device 
for  making  respective  axes  of  upper  and  lower 
work  rolls  cross  with  each  other  within  a  plane 

50  in  parallel  to  a  rolled  sheet  surface  and  rolling 
a  metal  sheet  material  between  said  work  rolls; 
characterized  in  that  a  sleeve-roll  type  backup 
roll  (10)  is  disposed  in  circumferential  contact 
with  said  work  roll  (11),  and  that  said  sleeve- 

55  roll  type  backup  roll  is  constructed  by  dividing 
a  backup  roll  into  three  or  more  rolls  along  its 
axial  direction,  rotatably  mounting  said  plurality 
of  divided  rolls  (2,  3,  4)  as  held  eccentric  on 

6 
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one  roll  support  shaft  (1)  whose  rotary  angle  is 
adjustable,  and  accommodating  all  said  plural- 
ity  of  divided  rolls  (2,  3,  4)  within  one  sleeve 
(6). 

5 
3.  A  rolling  mill  as  claimed  in  Claim  1  or  2, 

characterized  in  that  said  rolling  mill  includes 
drive  means  for  normally  and  reversely  rotating 
said  work  rolls  (11)  and  making  a  rolled  metal 
sheet  material  reciprocate  between  said  work  10 
rolls  (11). 

4.  A  rolling  mill  as  claimed  in  Claim  1  or  2, 
characterized  in  that  said  rolling  mill  is  dis- 
posed  in  the  final  stage  of  a  steel  belt  rolling  is 
mill  train. 

5.  A  rolling  mill  including  a  roll-crossing  device 
for  making  respective  axes  of  upper  and  lower 
work  rolls  and  upper  and  lower  backup  rolls  20 
held  in  circumferential  contact  with  said  work 
rolls  cross  with  each  other  within  a  plane  in 
parallel  to  a  rolled  sheet  surface  and  rolling  a 
metal  sheet  material  between  said  work  rolls; 
characterized  in  that  either  one  of  said  upper  25 
and  lower  backup  rolls  (10)  is  constructed  as  a 
sleeve-roll  type  backup  roll,  in  which  the  bac- 
kup  roll  is  divided  into  three  or  more  rolls 
along  its  axial  direction,  said  plurality  of  di- 
vided  rolls  (2,  3,  4)  are  rotatably  mounted  as  30 
held  eccentric  on  one  roll  support  shaft  (1) 
whose  rotary  angle  is  adjustable,  and  said  plu- 
rality  of  divided  rolls  (2,  3,  4)  are  all  accom- 
modated  within  one  sleeve  (6). 

35 
6.  A  rolling  mill  including  a  roll-crossing  device 

for  making  respective  axes  of  upper  and  lower 
work  rolls  cross  with  each  other  within  a  plane 
in  parallel  to  a  rolled  sheet  surface  and  rolling 
a  metal  sheet  material  between  said  work  rolls,  40 
characterized  in  that  either  one  of  upper  and 
lower  backup  rolls  (10)  held  in  circumferential 
contact  with  said  work  rolls  (11)  is  constructed 
as  a  sleeve-roll  type  backup  roll,  in  which  a 
backup  roll  is  divided  into  three  or  more  rolls  45 
along  its  axial  direction,  said  plurality  of  di- 
vided  rolls  (2,  3,  4)  are  rotatably  mounted  as 
held  eccentric  on  one  roll  support  shaft  (1) 
whose  rotary  angle  is  adjustable,  and  said  plu- 
rality  of  divided  rolls  are  all  accommodated  so 
with  one  sleeve  (6). 

7 
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~  _Type  of  Rolling  Mill  .  ^  sleeve  Type  Sleeve  Type  Backup 
T T T ^ :   Rolling  Mill  Backup  Roll  Roll  provided  with 
Symbol  :  —  ̂   Kuiii  6  1  Roll-Crossing  Device 

Name  \^Unit  \ ^  

Backup  roii  aB  mm  3 4 0 0   3 4 0 0   3 4 0 0  
Shaft  Length  ._ 

Backup  roii  .  2 , |5o   2150   2 1 5 0  
Drum  Length  ^ 

Backup  roii  d  mm  950   7 5 0   7 5 0  
Shaft  Diameter  ut>  " " "  

Backup  roii  db  ram  1300  1300  1300 ' .  
Drum  Diameter 

work  roii  aw  mm  3 4 0 0   3 4 0 0 '   3 4 0 0  
Shaft  Length  vv  ...... 

work  Ron  b  mm  2 2 0 0   . 2 2 0 0   2 2 0 0  
Drum  Length  1 

work  roii  cjw  mm  270   270  2 7 0  
Shaft  Diameter @  \  -  ' 

work  Roii  qw  mm  4 8 0   4 8 0   4 8 0  
Drum  Diameter 

Work  Roll  p  tf  ± 5 0   ± 5 0   ± 5 0  
Bending  <fi  'W  U 
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Rolling  Load: 
Sheet  Width: 
Work  Roll  Bender 
Roll  Cross  Angle 

0 .8t f   /mm 
2000  mm 
± 5 0 t f / c  
1.5° 

^ / R o l l   Cross  Angle  min. 
I  ,  (0  degree)  

@1.0 1.0 

Quarter  p o r t i o n  
Sheet  Crown  C4  (mm) 

A C 4 ( l 3 0 ^ m ) /  

Roll  Cross  Angle 
max.  ( 1 . 5 ° )  

Sheet  Crown  Control l   C h a r a c t e r i s t i c s   by 
Roll  Cross  Type  Rolling  Mill  and  Sleeve  Type  Backup  R o l l  
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R o t a r y  
a„„i„„  Crown  P a t t e r n s  Angles  

™  
9  8  7   8  9  

a5  r   ,>  /  t  t  

1-35°  * \   ^  

1 8 0 °   '  

2 2 5 °   •  —   _   _   —  

:  —  —  —  -  -  - 

2 7 0 °   •  ^   ^   —   -   —   • 

3 1 5 °   .  ^  
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