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©  Apparatus  and  method  for  hot-rolling  slab  into  sheets. 

©  A  hot  rolling  apparatus  having  a  rough  rolling 
mill  (24,  35,  36)  and  a  finish  rolling  mill  (28,  37) 
disposed  downstream  of  the  rough  rolling  mill  (24, 
35,  36)  so  as  to  successively  roll  a  slab  material  (7) 
to  reduce  the  thickness  of  the  material  thereby  to 
produce  a  sheet  product  (32).  The  rough  rolling  mill 
(24,  35,  36)  comprises  a  reversible  rolling  mill  ca- 
pable  of  performing  forward  and  backward  passes.  A 
take-up  device  (65,  71)  capable  of  coiling  and  uncoil- 
ing  the  material  under  rolling  is  provided  on  the 
upstream  side  of  the  rough  rolling  mill  (24,  35,  36). 
This  arrangement  eliminates  necessity  for  a  huge 
table  system  which  is  used  for  supporting  the  long 

^.rolled  material  after  a  backward  rough  rolling  pass 
^immediately  before  the  last  forward  rough  pass,  so 

that  the  size  and  investment  cost  of  the  apparatus 
^|   can  be  remarkably  reduced. 
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APPARATUS  AND  METHOD  FOR  HOT-ROLLING  SLAB  INTO  SHEETS 

BACKGROUND  OF  THE  INVENTION 

FIELD  OF  THE  INVENTION 

The  present  invention  relates  to  apparatus  and 
method  for  effecting  hot-rolling  of  a  slab  into  a 
sheet  or  thin  web.  More  particularly,  the  present 
invention  is  concerned  with  hot  rolling  apparatus 
and  method  capable  of  producing  a  sheet  or  thin 
web  at  a  reduced  investment  on  the  apparatus. 

DESCRIPTION  OF  THE  PRIOR  ART 

A  typical  conventional  hot  rolling  apparatus  for 
rolling  a  slab  into  a  thin  web  includes  a  rougher  or 
roughing  mill  composed  of  a  few  or  several  rough- 
ing  mill  stands  for  effecting  rough  rolling  of  the  slab 
and  six  to  seven  finisher  or  finishing  mill  stands 
connected  to  the  rough  rolling  mill.  This  type  of 
rolling  apparatus  is  suitable  for  production  of 
sheets  in  a  huge  quantity,  but  enormous  invest- 
ment  and  cost  are  incurred  for  building  up  and 
running  such  an  apparatus. 

On  the  other  hand,  there  is  an  increasing  de- 
mand  for  small-scale  hot-rolling  apparatus  so-called 
mini-mill  which  can  be  flexibly  adapted  to  a  variety 
of  demands  and  which  can  avoid  undesirable  effect 
of  business  fluctuation. 

A  typical  example  of  such  mini-mills  is  dis- 
closed  in  Japanese  Patent  Unexamined  Publication 
No.  58-202906.  This  mini-mill  has  a  rough  rolling 
miil  composed  of  a  single  reversible  rolling  stand,  a 
finish  roiling  mill  which  is  composed  of  a  pair  of 
rolling  stands,  and  take-up  or  winding  devices  dis- 
posed  upstream  and  downstream  of  these  two  fin- 
ish  roiling  stands.  In  finish-rolling  operation,  the 
material  rolled  through  the  rough-rolling  mill  is 
passed  through  these  two  finish  rolling  stands  while 
being  wound  and  unwound  from  one  and  another 
take-up  devices  so  as  to  be  rolled  down  to  the 
sheet  product  of  the  final  thickness.  The  number  of 
rolling  stands  employed  in  this  mini-mill  is  as  small 
as  13  to  1-4  of  that  in  the  conventional  rolling  mill, 
so  that  the  mini-mill  is  economical  as  compared 
with  conventional  rolling  apparatus. 

The  mini-mill,  however,  suffers  from  the  follow- 
ing  disadvantage.  Namely,  this  rolling  apparatus 
should  have  a  long  table  system  which  supports 
the  material  under  rolling,  and  therefore  the  .tem- 
perature  of  the  rolled  material  is  seriously  lowered 
due  to  radiation  of  heat  during  long  stay  of  the 
material  on  the  table  system. 

The  mini-mill,  particularly  the  mini-mill  dis- 
closed  in  Japanese  Patent  Unexamined  Publication 
No.  58-202906  mentioned  above,  also  involves  the 
following  problems. 

s  In  general,  low-carbon  steels  are  the  materials 
which  are  rolled  most  frequently  in  hot  rolling  mills. 
Such  steels  have  to  be  maintained  at  high  tem- 
perature  of  900  °C  or  above  during  the  rolling  so 
that  oxide  scales  tend  to  be  formed  on  the  material 

w  surface  during  the  rolling.  It  is  assumed  here  that 
the  hot-rolling  apparatus  of  the  type  disclosed  in 
Japanese  Patent  Unexamined  Publication  No.  58- 
202906  mentioned  above  is  used  for  rolling  a  low- 
carbon  steel.  Usually,  the  material  under  finish  roll- 

75  ing  has  a  length  of  about  300  to  900  meters  and 
the  finish  rolling  speed  generally  ranges  between 
about  300  and  600  m/minute,  so  that  the  rolling 
time  per  one  pass  effected  by  winding  and  unwin- 
ding  into  and  from  each  take-up  device  is  as  long 

20  as  60  to  90  seconds.  Thus,  formation  of  oxide 
scale  is  unavoidable  also  in  the  finish  rolling  which 
is  conducted  by  winding  and  unwinding  the  ma- 
terial.  If  the  rolling  is  continued  without  removing 
the  scale,  the  scale  is  forced  into  the  matrix  metai, 

25  so  that  the  state  of  the  surface  of  the  web  or  sheet 
is  degraded  to  seriously  impair  the  quality  of  the 
web  as  the  product. 

In  order  to  obviate  this  problem,  it  is  necessary 
to  conduct  an  operation  called  "de-scaling"  in 

30  which  cooling  water  of  a  high  pressure,  e.g.,  150 
kg/cm2,  is  jetted  onto  the  surface  of  the  strip  so  as 
to  crush  and  blow  off  the  scale.  However,  since  the 
sheet  under  finish  rolling  has  a  very  small  thick- 
ness  which  is  usually  not  greater  than  several  mil- 

35  limeters,  the  descaling  operation  effected  in  each 
finish  rolling  pass  causes  the  temperature  of  the 
strip  to  be  lowered  to  a  level  which  is  much  lower 
than  the  temperature  normally  required  in  rolling  a 
low-carbon  steel  material,  with  the  result  that  the 

40  expected  quality  of  the  product  is  often  failed. 
This  is  because  carbon  steels  usually  exhibit 

phase  transition  or  transformation  from  austenite 
phase  to  a-phase  at  a  temperature  below  Ar3  trans- 
formation  point  which  is  about  900  "C  though  it 

45  varies  depending  on  the  carbon  content.  Once  the 
transformation  occurs,  finish  rolling  can  no  more  be 
effected  smoothly  so  that  the  quality  of  the  final 
rolled  product  is  undesirably  impaired. 

Thus,  the  conventional  rolling  methods  have 
so  two  major  problems. 

The  causes  of  these  problems  will  be  de- 
scribed  in  more  detail  with  reference  to  a  case 
where  a  typical  thin  web  product  having  a  thick- 
ness  of  about  2.5  mm  is  produced  by  rolling.  The 
thickness  of  the  slab  material  as  an  original  ma- 

2 



3 =P  0  320  846  A1 

terial  to  be  processed  in  a  mini-mill  usually  ranges 
between  80  and  220  mm.  In  practical  operation  of 
the  mini-mill,  slabs  of  various  thicknesses  within 
the  above-mentioned  range  are  selected  at  various 
factories  or  iron  works.  However,  regardless  of  the 
initial  thickness  of  the  slab,  the  last  3  passes  of 
rough  rolling  in  this  rolling  mill  are  executed  sub- 
stantially  as  follows  by  the  rough  rolling  mill. 

Namely,  when  the  slab  has  an  initial  thickness 
of,  for  example,  220  mm,  rolling  is  initially  con- 
ducted  so  that  the  thickness  of  the  material  is 
reduced  by  about  30  mm  per  pass.  The  magnitude 
of  reduction  in  thickness  is  gradually  reduced  at 
the  last  few  or  several  rolling  passes.  For  instance, 
in  the  forward  pass  which  is  second  to  the  final 
pass,  the  rolling  is  effected  to  reduce  the  thickness 
from  80  mm  to  52  mm.  In  the  subsequent  back- 
ward  pass  which  is  immediately  before  the  final 
pass,  the  thickness  is  reduced  from  52  mm  to  25 
mm.  In  the  final  pass  which  is  a  forward  pass,  the 
thickness  is  reduced  from  25  mm  to  12  mm.  The 
slab  roughly  rolled  is  then  fed  to  the  finish  rolling 
mill  or  finishing  mill. 

In  general,  the  rolling  operation  of  the  type 
described  requires  that  the  weight  of  the  product 
per  unit  width  of  1  mm  is  usually  about  15  kg/mm. 
Thus,  in  the  forward  pass  which  is  second  to  the 
final  pass  in  which  the  slab  thickness  is  reduced  to 
52  mm,  the  rolled  material  is  elongated  to  36.7  m 
as  a  result  of  the  rolling.  In  the  next  pass  in  which 
the  thickness-  is  reduced  to  25  mm,  the  slab  is 
elongated  to  76.4  m.  In  the  final  pass  in  which  the 
thickness  is  reduced  to  12  mm,  the  length  of  the 
material  is  increased  to  159  m. 

In  the  forward  pass  which  is  second  to  the  final 
pass,  the  problem  caused  by  temperature  drop  is 
not  so  serious  because  the  thickness  of  the  ma- 
terial  is  still  large  (52  mm)  and  the  length  of  the 
material  is  not  so  large.  In  the  subsequent  pass 
which  is  a  backward  pass,  however,  the  material 
thickness  is  as  small  as  25  mm  and  the  length  of 
the  material  is  as  large  as  76.4  m.  This  pass, 
therefore,  requires  a  large  supporting  table  system 
which  is  capable  of  supporting  the  material  of  76.4 
m.  In  addition,  a  large  quantity  of  heat  is  radiated 
from  such  long  material  while  the  material  stays  on 
this  table  system  during  the  backward  pass  and  the 
subsequent  final  forward  pass.  Partly  because  of 
this  heat  radiation  and  partly  because  of  higher 
cooling  rate  due  to  the  reduced  thickness  of  the 
material  which  is  as  small  as  25  mm,  the  tempera- 
ture  of  the  material  under  rolling  is  lowered  seri- 
ously. 

In  the  subsequent  finish  rolling,  the  thickness  is 
reduced  from  the  initial  thickness  of  12  mm  to  6 
mm  after  the  rolled  material  or  sheet  leaves  the 
second  finish  roll  stand,  and  the  strip  is  then  taken- 
up  by  the  take-up  device  of  the  outlet  side. 

In  a  subsequent  pass,  the  strip  is  unwound 
from  the  take-up  device  of  the  outlet  side  and  is 
made  to  pass  through  the  finish  roll  stands  back- 
wardly  while  being  taken-up  by  the  take-up  device 

5  of  the  inlet  side.  The  thickness  of  the  strip  is 
reduced  to  about  3.8  mm  through  this  backward 
pass.  In  the  final  rolling,  the  material  is  unwound 
from  the  takeup  device  of  the  inlet  side  so  that 
rolling  is  conducted  forwardly  through  two  finish  roll 

?o  stands,  whereby  the  final  product  having  a  thick- 
ness  of  2.5  mm  or  less  is  obtained. 

As  explained  before,  a  considerably  long  time, 
e.g.,  60  to  180  seconds,  is  required  for  the  strip  to 
be  finish-rolled  while  being  unwound  and  wound  by 

75  the  respective  take-up  devices,  so  that  oxide  scale 
is  unavoidably  formed  on  the  surface  of  the  strip.  It 
is  therefore  necessary  to  conduct  de-scaling  opera- 
tion  by  jetting  cooling  water  of  high  pressure  each 
time  the  strip  is  unwound  and  rolled.  The  de- 

20  scaling  operation  may,  however,  tend  to  lower  the 
temperature  of  the  strip  to  900  'C  or  below,  with 
the  result  that  products  of  desired  quality  cannot 
be  produced. 

The  sheet  or  material  to  be  rolled  is  exposed  to 
25  the  atmosphere  only  for  a  short  time  during  travel- 

ling  between  two  roll  stands  of  the  tandem  finish 
rolling  mill  and,  therefore,  only  a  very  thin  oxide 
scale  is  formed.  It  is  therefore  not  necessary  to 
conduct  de-scaling  operation  during  rolling  .through 

30  two  roll  stands  of  the  finish  rolling  mill. 
A  rolling  mill  called  "hot  tandem  mill"  is  also 

known.  The  simplest  form  of  this  type  of  rolling  mill 
employs  a  single  rough  roiling  mill  and  6  to  7  sets 
of  tandem  finish  rolling  mills  arranged  on  the  down- 

35  stream  side  of  the  rough  rolling  mill.  In  operation,  a 
slab  or  material  to  be  rolled  is  reciprocatingly  rolled 
through  the  single  rough  rolling  mill  so  as  to  re- 
duce  its  thickness  from  220  mm  down  to  30  mm 
and  is  then  rolled  into  the  final  thickness  through 

40  the  series  of  tandem  rolling  mills. 
De-scaling  operation  is  conducted  also  in  this 

rolling  mill,  between  successive  passes  of  the 
rough  rolling  and  at  the  inlet  side  of  the  finish 
tandem  mill.  The  de-scaling  operation,  however, 

45  does  not  cause  substantial  temperature  drop  be- 
cause  the  slab  still  has  large  thicknesses  in  these 
stages.  At  positions  between  adjacent  finish  rolling 
stands  in  which  the  thicknesses  of  the  material 
have  been  reduced,  the  roled  material  is  exposed 

so  to  the  atmosphere  only  for  a  short  time  when  it 
moved  from  one  to  the  next  finish  roll  stand  so  that 
de-scaling  is  unnecessary.  It  is  therefore  possible 
to  roll  the  strip  into  the  final  thickness  before  the 
strip  temperature  is  lowered. 

55  In  this  rolling  mill,  if  the  rough  rolling  is  to  be 
conducted  to  reduce  the  material  thickness  to  a 
small  value,  the  slab  which  has  just  rolled  by  the 
backward  pass  immediately  before  the  final  forward 
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coarse  rolling  pass  has  to  have  a  very  large  length 
so  that  a  huge  table  system  has  to  be  installed  on 
the  inlet  side  of  the  coarse  rolling  mill.  In  order  to 
avoid  this  problem,  the  rough  rolling  is  executed 
such  that  the  material  thickness  after  the  forward 
final  rough  rolling  pass  is  as  large  as  30  mm  in  the 
hot  tandem  mill.  Since  the  finish  rolling  is  com- 
menced  with  such  a  large  initial  thickness,  a  large 
number  of  finish  roil  stands  are  required  un- 
economically. 

SUMMARY  OF  THE  INVENTION 

In  view  of  the  above-described  problems  en- 
countered  with  prior  art,  an  object  of  the  present 
invention  is  to  provide  a  hot  rolling  apparatus  which 
eliminates  necessity  for  huge  table  system  for  sup- 
porting  the  material  rolled  in  the  backward  pass 
immediately  before  the  forward  final  rough  rolling 
pass  so  as  to  realize  a  compact  construction,  as 
well  as  a  hot  rolling  method  which  can  conduct  hot 
rolling  at  a  reduced  investment  or  cost. 

To  this  end,  according  to  one  aspect  of  the 
present  invention,  there  is  provided  a  hot  rolling 
apparatus  having  a  rough  rolling  mill  and  a  finish 
rolling  mill  disposed  downstream  of  the  rough  roll- 
ing  mill  so  as  to  successively  roll  a  slab  material  to 
reduce  the  thickness  of  the  material  thereby  to 
produce  a  thin  web-like  or  sheet  product,  wherein 
the  rough  rolling  mill  comprises  a  reversible  rolling 
mill  capable  of  performing  forward  and  backward 
passes,  and  wherein  take-up  means  capable  of 
winding  and  unwinding  or  coiling  and  uncoiling  the 
material  under  rolling  is  provided  on  the  upstream 
side  of  the  rough  rolling  mill. 

According  to  another  aspect  of  the  present 
invention,  there  is  provided  a  hot  rolling  method  for 
hot-rolling  a  slab  material  into  a  thin  web-like  or 
sheet  product  comprising  the  steps  of:  feeding  the 
material  into  a  reversible  rough  rolling  mill  so  as  to 
effect  at  least  one  forward  pass  and  at  least  one 
backward  pass  through  the  rough  rolling  mill;  taking 
up  and  coiling  the  material  immediately  after  a 
backward  pass  by  means  of  a  take-up  device  pro- 
vided  on  the  upstream  side  of  the  rough  rolling 
mill:  subjecting  the  material  to  the  last  forward 
rough  rolling  pass  while  uncoiling  the  material  from 
the  take-up  device;  and  directly  feeding  the  slab 
from  the  rough  rolling  mill  into  a  finish  rolling  mill 
so  as  to  roil  the  material  into  the  final  thin  web-like 
product. 

Another  object  of  the  present  invention  is  to 
provide  a  compact  hot  rolling  apparatus  which  can 
prevent  the  temperature  of  the  rolled  material  from 
coming  down  below  an  optimum  temperature  and  a 
hot  rolling  method  which  can  be  carried  out  at  a 
reduced  investment  cost. 

To  this  end,  the  present  invention  provides  a 
hot  rolling  apparatus  in  which  the  finish  rolling  mill 
is  composed  of  a  plurality  of  finish  roll  stands 
arranged  in  a  tandem  manner  so  as  to  finish-roll 

•5  the  material  in  one  pass,  as  well  as  a  hot  rolling 
method  which  makes  use  of  this  hot  rolling  appara- 
tus.  Preferably,  the  finish  rolling  mill  is  a  tandem 
rolling  mill  composed  of,  for  example,  two  to  four 
rolling  stands  arranged  on  the  outlet  side  of  the 

70  rough  rolling  mill. 
The  advantage  of  the  present  invention  is  en- 

hanced  by  the  provision  of  a  take-up  means  also 
on  the  outlet  side  of  the  rough  rolling  mill. 

The  take-up  means  capable  of  winding  and 
;5  unwinding  the  material  under  rolling  may  have  a 

temperature-preserving  means  capable  of  sup- 
pressing  drop  of  temperature  of  the  coiled  material. 
The  temperature-preserving  means  may  be  com- 
posed  of  a  heat-insulation  cover  capable  of  sup- 

20  pressing  heat  radiation  from  the  coil  or  a  suitable 
heating  device  capable  of  supplying  heat  to  the 
coil. 

When  a  slab  material  is  hot-rolled  by  the  hot- 
rolling  method  which  makes  use  of  the  hot  rolling 

25  apparatus  of  the  present  invention,  the  slab  is  first 
rolled  to  a  predetermined  thickness  without  operat- 
ing  the  take-up  device.  For  instance,  when  a  slab 
of  an  ordinary  thickness,  e.g.,  220  mm,  is  rolled, 
forward  and  backward  passes  are  executed  a  few 

30  or  several  times  so  as  to  reduce  the  thickness 
down  below  30  mm.  Then,  subsequent  rolling 
passes  are  executed  while  winding  and  unwinding 
the  slab  onto  and  from  the  take-up  device  which  is 
disposed  on  the  inlet  side  or  on  both  sides  of  the 

35  rough  rolling  mill.  When  the  take-up  device  is  pro- 
vided  only  on  the  inlet  side  of  the  rolling  apparatus, 
the  material  under  rolling  is  wound  on  the  take-up 
device  only  after  the  backward  rough  rolling  pass 
immediately  before  the  forward  final  rough  rolling 

40  pass.  Thus,  the  forward  final  rough  rolling  pass  is 
executed  while  unwinding  the  material  from  the 
take-up  device,  in  such  a  manner  that  the  material 
coming  out  of  the  coarse  rolling  mill  is  fed  directly 
towards  the  finish  rolling  mill. 

45  It  will  be  seen  that  the  huge  table  system  for 
supporting  long  rolled  material  is  dispensed  with 
because  the  material  after  rolling  in  the  last  back- 
ward  rough  rolling  pass  is  taken-up  by  the  take-up 
device.  In  addition,  the  rolled  material  taken-up  in 

50  the  form  of  a  coil  experiences  only  a  small  heat 
radiation  so  that  the  temperature  drop  of  the  rolled 
material  is  suppressed  advantageously.  The 
temperature-preserving  effect  will  be  further  en- 
hanced  if  the  take-up  device  has  a  suitable 

55  temperature-preserving  means  such  as  a  heat-in- 
sulation  cover  as  mentioned  above. 

In  the  rough  rolling  in  which  the  material  is 
rolled  through  repeated  forward  and  backward 
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jasses,  oxide  scale  is  unavoidably  formed  on  the 
surface  of  the  material  under  rolling  so  that  de- 
scaling  is  essentially  conducted.  In  order  to  avoid 
jxcessive  temperature  drop  of  the  rolled  material, 
here  is  a  practical  lower  limit  in  the  reduction  of 
he  thickness  in  the  rough  rolling.  Thus,  the  rough 
oiling  effected  by  the  reversible  rough  rolling  mill 
s  conducted  such  that  the  thickness  of  the  rolled 
naterial  which  is  taken  up  by  the  take-up  device  on 
he  inlet  side  of  the  rough  rolling  mill  after  the 
backward  rough  rolling  pass  immediately  before 
he  forward  final  rough  rolling  pass  is  not  smaller 
han  about  6  mm. 

After  completion  of  the  last  backward  rough 
•oiling  pass,  the  forward  last  rough  rolling  pass  is 
sxecuted  and  the  material  from  this  pass  is  directly 
:ed  to  the  finish  rolling  which  is  executed  by  two  to 
:our  finish  roll  stands  which  are  arranged  in  a 
:andem  manner  on  the  outlet  side  of  the  rough 
•oiling  mill. 

The  finish  rolling  is  conducted  at  a  speed 
which  is  as  high  as  that  in  ordinary  tandem  mills, 
so  that  it  is  not  necessary  to  conduct  de-scaling  of 
:he  material  between  adjacent  finish  roll  stands. 
Thus,  in  this  rolling  apparatus,  there  is  little  risk  for 
sxcessive  temperature  drop  of  the  rolled  material 
oecause  the  descaling  operation,  which  unavoidab- 
ly  causes  the  material  temperature  to  drop,  is  un- 
necessary  in  the  region  where  the  material  thick- 
ness  has  been  reduced  to  such  an  extent  as  to 
cause  a  excessive  temperature  drop  of  the  ma- 
terial. 

As  has  been  described,  the  hot  rolling  appara- 
tus  of  the-  present  invention  employs  take-up 
means  provided  on  the  inlet  side  of  the  rough 
rolling  mill  or  on  each  of  the  inlet  and  outlet  sides 
of  the  rough  rolling  mill  so  as  to  roughly  roll  the 
material  to  a  thickness  which  is  smaller  than  that 
obtained  with  rough  rolling  mill  in  the  conventional 
apparatus,  while  effectively  suppressing  tempera- 
ture  drop  of  the  material  during  the  rough  rolling. 
Therefore,  the  number  of  the  finishing  roll  stands 
can  be  reduced  to  about  half  or  below  of  that  in  the 
conventional  hot  tandem  rolling  mill. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  sectional  view  of  a  hot  rolling 
apparatus  of  a  first  preferred  embodiment  of  the 
present  invention  illustrative  of  a  forward  pass  of 
rolling; 

Fig.  2  is  a  sectional  view  of  the  apparatus 
shown  in  Fig.  1  illustrative  of  a  backward  pass  of 
rolling; 

Fig.  3  is  a  sectional  view  of  the  apparatus 
shown  in  Fig.  1  illustrative  of  the  last  forward  pass 
of  rolling; 

Fig.  4  is  a  sectional  view  ot  a  not  roiling 
apparatus  of  another  preferred  embodiment  of  the 
present  invention  which  employs  two  rough  rolling 
mills  illustrative  of  the  rolling  operation; 

5  Fig.  5  is  a  sectional  view  of  a  hot  rolling 
apparatus  of  still  another  preferred  embodiment  of 
the  present  invention  which  employs  a  take-up 
device  on  each  of  the  inlet  and  outlet  sides  of  the 
rough  rolling  mill;  and 

o  Fig.  6  is  a  sectional  view  of  a  hot  rolling 
apparatus  of  a  further  embodiment  of  the  present 
invention  in  which  finish  rolling  is  conducted  by  a 
reversible  rolling  mill. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

A  first  embodiment  of  the  present  invention  will 
?o  be  described  with  reference  to  Figs.  1  to  3. 

Referring  to  Fig.  1,  an  original  material  or  a 
billet  of,  for  example,  a  low-carbon  steel  is  pre- 
pared  by  a  continuous  casting  machine. 

A  melt  of  the  steel  is  poured  from  a  tundish  1 
?5  into  a  continuous  mold  3  so  as  to  be  cooled  and 

solidified  into  a  continuous  billet  5.  Various  sizes  of 
billet  5  are  obtainable  but  the  following  description 
will  be  given  on  an  assumption  that  a  billet  of  a 
typical  size,  e.g.,  80  mm  thick  and  700  to  1300  mm 

30  wide  is  cast  at  a  speed  of  2  to  5  m/min. 
The  continuous  billet  5  is  then  cut  at  a  pre- 

determined  length  by  a  shearing  machine  6.  In 
case  of  a  product  having  a  weight  per  unit  width  of 
15  kg/mm,  the  billet  is  cut  at  a  length  of  20  to  30 

35  m. 
The  shearing  machine  6  has  upper  and  lower 

blades  11a  and  11b  provided  on  blade  bases  9  and 
10.  The  upper  blade  1  1a  is  capable  of  being  driven 
downward  by  the  force  produced  by  a  cylinder  8 

40  so  as  to  shear  the  billet  5,  whereby  slabs  7  are 
obtained.  During  the  cutting  or  shearing,  the  shear- 
ing  machine  6  is  fed  by  a  cylinder  13  about  a 
fulcrum  pin  6a  in  the  direction  of  movement  of  the 
billet  in  synchronization  with  the  speed  of  move- 

45  ment  of  the  billet  5  so  that  the  shearing  is  effected 
without  fail. 

The  slab  7  thus  obtained  is  conveyed  by  a 
table  roller  15  in  a  furnace  or  oven  14.  The  oven  14 
is  capable  of  preventing  radiation  of  heat  from  the 

so  slab  7.  The  oven  1  4  also  may  be  designed  so  as  to 
provide  heat  energy  as  required  thereby  to  heat 
the  slab  7. 

The  slab  7  is  then  fed  to  a  reversible  rough 
rolling  mill  i.e.  rougher  or  roughing  mill  24  so  as  to 

55  be  rolled  through  forward  and  backward  passes.  In 
the  illustrated  embodiment,  a  four-high  mill  com- 
posed  of  a  pair  of  work  rolls  and  a  pair  of  back-up 
rolls  is  used  as  the  reversible  rough  rolling  mill. 

5 
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'This,  however,  is  only  illustrative  and  the  reversible 
rough  rolling  mill  may  be  composed  of  other  types 
of  rolling  mill  such  as  a  mill  having  a  pair  of  work 
rolls  without  back-up  roll  or  a  six-high  mill. 

In  the  illustrated  embodiment,  a  bending  roller 
device  composed  of  two  lower  bending  rollers  19 
and  a  single  upper  bending  roller  21  and  a  take-up 
device  65  as  take-up  means  having  coil  support 
rollers  22  are  provided  on  the  inlet  side  of  the 
reversible  rough  rolling  mill  24. 

The  bending  roller  19  together  with  a  frame  61 
supporting  the  roller  19  and  the  guide  plate  20  is 
swingable  about  a  fulcrum  60  on  the  bracket  17  by 
means  of  a  cylinder  18.  During  the  first  forward 
pass  performed  by  the  reversible  rough  rolling  mill 
24,  the  bending  roller  19  is  swung  to  a  lower  stand- 
by  position  shown  in  Fig.  1  so  as  to  allow  '  the 
passage  of  the  rolled  material  27. 

In  order  to  prevent  cooling  of  the  rolled  ma- 
terial  during  the  first  forward  pass,  a  heat-radiation 
prevention  oven  25  is  disposed  on  the  outlet  side 
of  the  rough  rolling  mill  24.  A  table  roller  26  also  is 
disposed  in  the  oven  25  so  as  to  feed  the  material 
27.  The  material  27  is  rolled  down  to  a  thickness  of 
about  52  mm  through  the  first  forward  pass.  During 
execution  of  the  first  forward  rolling  pass,  de-scal- 
ing  is  conducted  by  jetting  water  at  a  high  pressure 
of  about  150  kg/cm2  onto  upper  and  lower  sides  of 
the  material  27  from  a  set  of  nozzles  91  and  90 
which  are  arranged-  on  the  upper  and  lower  sides  of 
the  path  of  the  rolled  material  at  the  inlet  side  and 
outlet  side  of  the  rough  rolling  mill  24  as  viewed  in 
the  direction  of  forward  feed  of  the  material,  there- 
by  to  remove  scale  formed  on  the  surfaces  of  the 
material. 

After  completion  of  the  first  forward  pass,  a 
backward  pass  is  executed  in  a  manner  shown  in 
Fig.  2.  The  thickness  of  the  rolled  material  is  re- 
duced  from  52  mm  down  to  25  mm  through  this 
backward  pass.  When  this  backward  pass  is  ex- 
ecuted,  the  lower  bending  rollers  19  and  the  guide 
piate  20  are  swung  upward  by  the  cylinder  18  to  a 
position  for  taking  up  the  material  27  in  the  form  of 
a  coil  as  shown  in  Fig.  2.  As  this  backward  pass 
proceeds,  the  material  27  backwardly  fed  through 
the  rough  rolling  mill  24  is  guided  by  the  lower 
bending  rollers  19  and  the  upper  bending  roller  21 
so  as  to  be  arcuately  bent  into  the  form  of  a  coil 
and  is  further  fed  as  indicated  by  an  arrow  B 
thereby  forming  a  coil  23.  The  coil  is  supported  by 
the  coil  support  roller  22.  De-scaling  by  nozzles  90 
and  91  is  executed  also  during  execution  of  the 
backward  pass. 

After  completion  of  the  backward  pass,  the  final 
forward  rough  rolling  pass  is  executed  in  a  manner 
shown  in  Fig.  3. 

During  the  execution  of  the  forward  pass,  the 
coii  23  is  unwound  from  the  take-up  device  65  into 

the  rough  rolling  mill  24,  and  the  material  which 
has  been  rolled  down  to  a  small  thickness,  now 
denoted  by  numeral  31  ,  is  directly  fed  into  a  finish 
rolling  mill,  i.e.  finisher  or  finishing  mill  28  for  finish 

5  rolling,  whereby  a  hot-rolled  thin  web-like  product 
32  is  obtained.  The  sheet  product  32  is  fed  in  the 
direction  of  the  arrow  C  while  being  guided  by  a 
guide  roller  29  so  as  to  be  wound  on  a  take-up 
drum  46,  whereby  a  coil  of  the  product  is  formed. 

w  During  execution  of  the  finish  roiling,  de-scaling  is 
executed  not  only  by  the  nozzles  90  and  91  but 
also  by  a  nozzle  92  which  also  jets  water  at  a  high 
pressure.  However,  de-scaling  is  not  necessary  for 
the  material  moving  through  regions  between  adja- 

75  cent  ones  of  three  finish  rolling  stands  of  the  finish 
rolling  mill  28,  because  the  material  can  pass  these 
regions  within  a  very  short  time. 

In  the  hot  rolling  apparatus  of  the  present  in- 
vention,  the  de-scaling  operation  is  conducted 

20  while  the  thickness  of  the  material  under  rolling  is 
still  large,  so  that  undesired  excessive  temperature 
drop  of  the  material  is  substantially  suppressed  as 
compared  with  the  case  where  the  rolling  appara- 
tus  of  the  type  disclosed  in  Japanese  Patent  Unex- 

25  amined  Publication  No.  58-202906  is  used. 
Though  the  embodiment  shown  in  Fig.  3  em- 

ploys  three  finish  roll  stands,  this  number  of  finish 
roll  stands  is  not  exclusive  but  may  be  varied  in 
accordance  with,  for  example,  the  thickness  of  the 

30  product.  Three  finish  roll  stands  are  adequate  when 
the  material  31  rolled  through  the  last  forward  pass 
of  the  rough  rolling  mill  24  is  about  12  mm  and  the 
final  product  32  obtained  through  the  finish  rolling 
mill  24  has  a  typical  thickness  of  2.5  mm. 

35  The  rolling  speeds  in  the  rough  rolling  mill  and 
the  final  finish  roll  stand  are  about  75  m/min  and 
about  360  m/min,  respectively,  in  the  illustrated 
embodiment. 

In  the  described  embodiment,  a  blank  slab 
40  having  a  thickness  of  80  mm  is  rough-rolled 

through  three  passes  in  the  reversible  course  roll- 
ing  mill  24.  This  also  is  illustrative  and  the  arrange- 
ment  may  be  such  that  a  slab  7  having  a  thickness 
greater  than  80  mm  is  rough-rolled  through  a  num- 

45  ber  of  passes  greater  than  3. 
For  instance,  when  a  slab  of  120  mm  thick  is 

rolled,  the  slab  may  be  rolled  down  to  100  mm  in 
the  first  forward  pass  and  then  down  to  80  mm  in 
the  first  backward  pass.  In  such  a  case,  the  ma- 

50  terial  is  not  taken  up  by  the  take-up  device  during 
the  first  backward  pass  in  which  the  material  is 
rolled  from  100  mm  to  80  mm,  because  the  ma- 
terial  in  this  state  still  has  a  large  thickness  and  a 
short  length  so  that  the  heat  radiation  from  the 

55  material  is  negligible.  It  is  to  be  understood  rolling 
is  conducted  such  that  the  weight  per  unit  width  of 
the  material  is  substantially  unchanged  regardless 
of  the  slab  thickness  because  the  slab  length  is 

6 



1 EP  0  320  846  A1 VI 

selected  shorter  when  the  slab  thickness  is  se- 
lected  larger. 

When  the  slab  7  has  a  greater  thickness, 
thickness-reducing  rolling  is  conducted  through  re- 
peating  forward  and  backward  passes  without  con- 
ducting  take-up  of  the  material  until  the  material 
thickness  is  reduced  to  about  30  mm.  When  the 
rough  rolling  has  proceeded  to  reduce  the  slab 
thickness  to  30  mm  or  below,  the  take-up  device 
65  on  the  inlet  side  of  the  roughing  mill  24  is  put 
into  operation  and  then  the  rough  rolling  and  finish 
rolling  are  executed  in  a  manner  explained  before. 

Although  in  the  described  embodiment  the 
take-up  device  65  provided  on  the  inlet  side  of  the 
coarse  rolling  mill  24  is  an  up-coiler  type  which 
upwardly  takes  up  and  coils  the  material,  other 
types  of  take-up  device  such  as  a  drum-type  take- 
up  device  and  a  device  capable  of  downwardly 
taking  up  and  coiling  the  material,  known  as 
"Steleco"  (registered  trademark)  can  be  used  as 
well. 

Fig.  4  shows  another  embodiment  suitable  for 
use  in  the  case  where  the  slab  7  to  be  rolled  has  a 
thickness  greater  than  80  mm,  e.g.,  110  to  220 
mm.  This  embodiment  employs  two  reversible 
rough  rolling  stands  35,  36,  though  three  or  more 
stands  may  be  used.  The  material  to  be  rolled  is 
fed  forward,  backward  and  then  forward,  thus  un- 
dergoing  six  rolling  passes  in  total,  whereby  a  large 
rolling  reduction  is  effected  by  the  roughing  mill  35, 
36.  When  the  initial  slab  thickness  is  about  120 
mm,  .the  slab  can  be  rolled  down  to  a  thickness  of 
6  to  10  mm  through  the  six  passes.  After  the  last 
forward  pass,  the  material  is  sent  for  the  finish 
rolling  by  the  mill  28,  whereby  a  product  having  a 
thickness  of  1  .7  to  2.5  mm  is  obtained. 

In  the  embodiment  shown  in  Fig.  4,  the  coil  23 
of  the  rolled  material  on  the  take-up  device  65  is 
covered  by  a  heat-keeping  box  70  as  the  heat- 
keeping  or  preserving  means  so  that  radiation  of 
heat  from  the  coil  23  is  substantially  suppressed. 
Though  a  mechanism  for  lifting  and  lowering  the 
lower  bending  roller  19  is  not  shown  in  Fig.  4,  it  is 
to  be  understood  that  a  lifting  mechanism  similar  to 
that  shown  in  Fig.  1  is  used  also  in  the  embodi- 
ment  shown  in  Fig.  4. 

Fig.  5  shows  still  another  preferred  embodi- 
ment  of  the  hot  rolling  apparatus  in  accordance 
with  the  present  invention.  The  apparatus  shown  in 
Fig.  5  has  take-up  devices  71  and  72  capable  of 
coiling  and  uncoiling  the  material  on  the  inlet  and 
outlet  sides  of  the  rough  rolling  mill  35.  During 
execution  of  a  forward  pass  in  the  rough  rolling  mill 
35,  the  take-up  device  72  operates  in  a  coiling 
mode  so  as  to  take-up  and  coil  the  material  there- 
by  suppressing  radiation  of  heat  from  the  slab  after 
this  forward  pass.  The  material  rough-rolled  into  a 
predetermined  thickness  after  additional  passes  is 

then  fed  to  a  finish  rolling  mill  38  so  as  to  be  rolled 
into  the  final  product  in  one  pass  as  shown  by  one- 
dot-and-dash  line. 

In  this  embodiment,  the  rough  rolling  can  be 
5  conducted  to  produce  a  smaller  thickness  of  the 

material  than  in  the  preceding  embodiments,  by 
virtue  of  provision  of  the  take-up  devices  71  and  72 
on  both  sides  of  the  rough  rolling  mill  35.  A  prac- 
tical  example  of  such  rolling  process  will  now  be 

w  described. 
A  slab  7  having  a  large  initial  thickness  is 

•  repeatedly  rolled  by  the  rough  rolling  mill  35.  When 
the  material  thickness  has  been  reduced  to  30  mm 
or  so,  the  take-up  device  71  on  the  inlet  side  of  the 

75  rough  rolling  mill  35  is  put  into  operation  so  as  to 
take-up  and  coil  the  material.  In  a  subsequent 
forward  pass,  'the  material  is  rolled  down  to  a 
thickness  of  about  17  mm  and  then  taken  up  by 
the  take-up  device  72  on  the  outlet  side  of  the 

20  rough  rolling  mill  35.  After  the  subsequent  back- 
ward  pass,  the  material  is  rolled  down  to  a  thick- 
ness  of  9  mm  and  is  taken  up  by  the  take-up 
device  71  on  the  inlet  side  of  the  rough  rolling  mill 
35.  The  material  is  then  uncoiled  from  the  take-up 

25  device  71  so  as  to  be  rolled  down  to  a  thickness  of 
about  6.5  mm  through  the  last  forward  pass.  In  this 
state,  the  finish  rolling  mill  28  is  operatively  coup- 
led  with  the  rough  rolling  mill  35  so  that  the  ma- 
terial  after  the  last  forward  rough  rolling  pass  is 

30  directly  fed  to  the  finish  rolling  mill  28  so  as  to  be 
finish-rolled  into  the  final  product  having  a  thick- 
ness  of  about  2.0  mm. 

In  this  embodiment,  the  rough  rolling  mill  35 
and  the  finish  rolling  mill  28  are  arranged  in  the 

35  close  proximity  of  each  other  so  as  to  minimize 
radiation  of  heat  from  the  material  travelling 
through  the  zone  between  these  rolling  mills  35, 
28. 

When  rough  rolling  is  executed  without  the 
40  operation  of  the  take-up  device  72,  the  material 

under  rough  rolling  may  enter  a  zone  of  the  finish 
rolling  mill  28  during  execution  of  a  forward  pass. 
However,  the  forward  rough  rolling  pass  can  be 
executed  without  any  interference  because  in  such 

45  a  case  the  gaps  between  the  upper  and  lower  work 
rolls  of  the  finish  roll  stands  are  increased  by 
suitable  means  so  as  to  allow  the  material  to  freely 
come  into  and  out  of  the  zone  of  the  finish  rolling 
mill  28.  Thus,  the  overall  length  of  the  hot  rolling 

50  apparatus  can  be  further  decreased. 
Fig.  6  shows  a  hot  rolling  apparatus  including 

another  example  of  the  finish  rolling  mill.  In  this 
case,  the  finish  rolling  mill  37  is  composed  of  a 
single  roll  stand  which  is  reversible,  though  two  or 

55  more  reversible  finish  rolling  stands  may  be  em- 
ployed. 

Reversible  take-up  devices  80  and  81  capable 
of  coiling  and  uncoiling  the  material  under  rolling 
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jre  disposed  on  the  inlet  and  outlet  sides  of  the 
inish  roiling  mill  37.  The  material  27  after  the 
ough  rolling  is  fed  into  the  finish  rolling  mill  37, 
jndergoes  a  forward  pass  through  the  mill  37  and 
s  taken-up  by  pinch  rollers  42  so  as  to  be  wound 
Dn  a  take-up  drum  45  to  form  a  coil  44.  During  the 
subsequent  backward  pass,  the  material  is  taken- 
jp  by  pinch  rollers  41  onto  a  drum  40  so  as  to 
form  a  coil  39.  Finish  rolling  is  thus  conducted 
repeatedly  until  a  predetermined  thickness  is  ob- 
tained.  Then,  the  final  finish  rolling  is  executed 
through  the  final  forward  pass  and  the  material  is 
fed  towards  the  guide  roller  29  as  shown  by  one- 
dot-and-dash  line,  so  as  to  be  wound  on  the  drum 
46  in  the  form  of  the  coil  30. 

The  coils  39  and  44  formed  on  the  inlet  and 
outlet  sides  of  the  finish  rolling  mill  37  are  covered 
by  boxes  38  and  43  which  effectively  suppress 
heat  dissipation  from  these  coils  39,  44. 

The  present  invention  can  offers  the  following 
advantages  by  the  provision  of  a  take-up  device 
capable  of  coiling  and  uncoiling  a  material  under 
rolling  on  the  inlet  (i.e.  upstream  side  in  the  forward 
pass)  of  the  rough  rolling  mill. 

1  .  The  material  fed  back  at  a  backward  pass 
through  the  rough  rolling  mill  is  taken-up  by  the 
take-up  device,  so  that  a  huge  tabe  system  which 
hitherto  has  been  necessary  for  supporting  the  long 
material  at  the  inlet  side  of  the  rough  rolling  mill 
can  be  .substantially  eliminated,  thus  contributing  to 
a  reduction  in  the  space  and  installation  cost. 

2.  In  the  conventional  rolling  apparatus,  the 
material  under  rolling  is  cooled  due  to  heat  radi- 
ation  therefrom  at  the  inlet  side  of  the  rough  rolling 
mill  during  execution  of  a  backward  pass  and  a 
subsequent  forward  pass. 
According  to  the  invention,  however,  the  heat  radi- 
ation  from  the  rolled  material  at  the  inlet  side  of  the 
rough  roiling  mill  is  suppressed  by  virtue  of  the  fact 
that  the  material  is  coiled  at  the  inlet  side  of  the 
rough  rolling  mill,  so  that  the  material  experiences 
a  reduced  temperature  reduction.  In  the  conven- 
tional  case,  the  rolled  material  laid  on  a  support 
table  on  the  inlet  side  of  the  rough  rolling  mill  is 
usually  cooled  at  a  rate  of,  2  degrees  (in  unit  of 
*  C)  per  second.  Since  it  takes  about  60  seconds 
for  the  rough  rolling  mill  to  conduct  a  backward 
pass  and  a  subsequent  forward  pass,  the  tempera- 
ture  is  lowered  by  about  1  20  °  C.  In  operating  the 
conventional  rolling  apparatus,  therefore,  it  is  nec- 
essary  to  elevate  the  initial  slab  temperature  to 
compensate  for  this  temperature  drop. 

In  contrast  the  hot  rolling  apparatus  of  the 
present  invention  only  allows  a  small  temperature 
drop  of  about  0.2  degree  or  so  per  second,  by 
virtue  of  the  fact  that  the  material  under  rolling  is 
taken-up  as  a  coil  at  the  inlet  side  of  the  rough 

rolling  mill,  so  that  the  temperature  of  the  rolled 
material  is  preserved  for  a  long  time,  thus  remark- 
ably  saving  energy. 

3.  In  the  embodiment  in  which  the  take-up 
5  device  is  provided  on  each  of  the  roughing  mill  can 

be  rough-rolled  to  a  smaller  thickness  than  in  the 
case  where  the  take-up  device  is  provided  only  on 
the  inlet  side  of  the  rough  rolling  device,  so  that  the 
number  of  the  finish  roll  stands  disposed  down- 

w  stream  from  the  rough  rolling  mill  can  be  reduced 
to  a  half  or  less  compared  with  that  in  the  conven- 
tional  rolling  apparatus. 

As  has  been  described,  according  to  the 
;5  present  invention,  a  take-up  device  is  provided  at 

least  on  the  inlet  side  of  the  rough  rolling  mill,  so 
that  the  length  of  the  table  to  be  installed  on  the 
inlet  side  of  the  rough  rolling  mill  can  be  decreased 
and  the  undesirable  cooling  of  the  material  under 

20  rolling  can  be  substantially  suppressed.  This  also 
enables  the  number  of  the  finish  roll  stands  ar- 
ranged  in  the  tandem  manner  on  the  outlet  or 
downstream  side  of  the  rough  rolling  mill  to  be 
decreased  and  yet  the  necessity  of  de-scaling  for 

25  the  material  moving  through  the  zones  between 
adjacent  finish  roll  stands  is  eliminated  to  prevent 
excessive  temperature  drop  of  the  thin  material 
rolled  through  these  finish  roll  stands,  thus  ensur- 
ing  an  excellent  quality  of  the  surface  of  the  final 

30  rolled  product. 

Claims 

35  1  .  A  hot  rolling  apparatus  having  a  rough  rolling 
mill  (24,  35,  36)  and  a  finish  rolling  mill  (28,  37) 
disposed  downstream  of  said  rough  rolling  mill  (24, 
35,  36)  so  as  to  successively  roll  a  slab  material  (7) 
to  reduce  a  thickness  of  the  material  thereby  to 

40  produce  a  sheet  product  (32),  wherein  said  rough 
rolling  mill  (24,  35,  36)  comprises  a  reversible 
rolling  mill  (24,  35,  36)  capable  of  performing  for- 
ward  and  backward  passes,  and  wherein  take-up 
means  (65,  71)  capable  of  coiling  and  uncoiling  the 

45  material  under  rolling  is  provided  on  an  upstream 
side  of  said  rough  rolling  mill  (25,  35,  36). 

2.  A  hot  rolling  apparatus  according  to  Claim  1  , 
wherein  said  finish  rolling  mill  (28,  37)  includes  a 
plurality  of  finish  roll  stands  arranged  in  a  tandem 

so  manner  so  as  to  conduct  finish  rolling  in  one  pass. 
3.  A  hot  rolling  apparatus  according  to  Claim  2, 

further  comprising  heat-keeping  means  (70)  pro- 
vided  around  said  take-up  device  (65,  71  )  so  as  to 
suppress  a  temperature  drop  of  the  material  coiled 

55  on  said  take-up  device  (65,  71  ). 
4.  A  hot  rolling  apparatus  having  a  rough  rolling 

mill  (24,  35,  36)  and  a  finish  rolling  mill  (28,  37) 
disposed  downstream  of  said  rough  rolling  mill  (24, 

8 
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35,  36)  so  as  to  successively  roll  a  slab  material  (2) 
Df  carbon  steel  to  reduce  a  thickness  of  the  ma- 
©rial  thereby  to  produce  a  sheet  product  (32), 
wherein  said  rough  rolling  mill  (24,  35,  36)  com- 
Drises  a  reversible  rolling  mill  (24,  35,  36)  capable  5 
Df  performing  forward  and  backward  passes,  and 
wherein  take-up  means  (65,  71)  capable  of  coiling 
and  uncoiling  the  material  under  rolling  is  provided 
Dn  an  upstream  side  of  said  rough  rolling  mill  (24, 
35,  36),  said  finish  rolling  mill  (28,  37)  including  a  10 
olurality  of  finish  roil  stands  arranged  in  a  tandem 
nanner  so  as  to  conduct  finish  rolling  in  one  pass. 

5.  A  hot  rolling  apparatus  according  to  Claim  4, 
further  comprising  take-up  means  (72)  disposed 
downstream  of  said  rough  rolling  mill  so  as  to  coil  75 
the  material  after  a  forward  pass  through  said 
rough  rolling  mill  (24,  35,  36)  and  uncoil  the  ma- 
terial  to  feed  said  material  into  said  rough  rolling 
mill  (35)  in  a  backward  pass. 

6.  A  hot  rolling  apparatus  having  a  rough  rolling  20 
mill  (24,  35,  36)  and  a  finish  rolling  mill  (28,  37) 
disposed  downstream  of  said  rough  rolling  mill  (24, 
35,  36)  so  as  to  successively  roll  a  slab  material  (7) 
to  reduce  a  thickness  of  the  material  thereby  to 
produce  a  sheet  product  (32),  wherein  said  rough  25 
rolling  mill  (24,  35,  36)  comprises  a  reversible 
rolling  mill  (24,  35,  36)  capable  of  performing  for- 
ward  and  backward  passes,  and  wherein  take-up 
means  (65,  71,  72)  capable  of  coiling  and  uncoiling 
the  material  under  rolling  is  provided  on  each  of  30 
upstream  and  downstream  sides  of  said  rough  roil- 
ing  mill  (24,  35,  36). 

7.  A  hot  rolling  apparatus  according  to  Claim  6, 
wherein  said  finish  rolling  mill  (28,  37)  includes  a 
plurality  of  finish  roll  stands  arranged  in  a  tandem  35 
manner  so  as  to  conduct  finish  rolling  in  one  pass. 

8.  A  hot  rolling  apparatus  according  to  Claim  6, 
further  comprising  heat-keeping  means  (70)  pro- 
vided  around  at  least  one  of  said  take-up  devices 
so  as  to  suppress  a  temperature  drop  of  the  ma-  40 
terial  coiled  on  said  take-up  device  (65,  71,  72). 

9.  A  hot  rolling  apparatus  according  to  Claim  6, 
further  comprising  de-scaling  means  (90,  91)  pro- 
vided  on  the  upstream  and  downstream  sides  of 
said  rough  rolling  mill  so  as  to  remove  scale  from  45 
the  material  fed  into  and  out  of  said  rough  rolling  . 
mill  (24,  35,  36). 

10.  A  hot  rolling  method  for  hot-rolling  a  slab 
material  (7)  into  a  sheet  product  (32)  comprising 
the  steps  of:  feeding  the  material  into  a  reversible  50 
rough  rolling  mill  (24,  35,  36)  so  as  to  effect  at 
least  one  forward  pass  and  at  least  one  backward 
pass  through  said  rough  rolling  mill  (24,  35,  36); 
taking  up  and  coiling  material  immediately  after 
said  at  least  one  backward  pass  by  means  of  a  55 
take-up  device  (65,  71)  provided  on  an  upstream 
side  of  said  rough  rolling  mill  (24,  35,  36);  subject- 
ing  the  material  to  the  last  forward  rough  rolling 

aass  while  uncoiling  the  material  from  said  take-up 
device  (65,  71);  and  directly  feeding  the  material 
rom  said  last  forward  pass  of  said  rough  rolling 
nill  (24,  35,  36)  into  a  finish  rolling  (28,  37)  mill  so 
as  to  roll  the  material  into  the  final  sheet  product 
[32). 

11.  A  hot  rolling  method  according  to  Claim  10, 
wherein,  after  a  plurality  of  forward  and  backward 
-ough  rolling  passes  under  said  rough  rolling  mill 
[24,  35,  36),  the  material  rolled  through  the  last 
oackward  pass  is  taken-up  and  coiled  by  said  take- 
jp  device  (65,  71)  disposed  on  the  upstream  side 
Df  said  rough  rolling  mill  (24,  35,  36). 

12.  A  hot  rolling  method  for  hot-rolling  a  slab 
material  (7)  of  carbon  steel  into  a  sheet  product 
[32)  comprising  the  steps  of:  feeding  the  material 
nto  a  reversible  rough  rolling  mill  (24,  35,  36)  so  as 
to  effect  at  least  one  forward  pass  and  at  least  one 
backward  pass  through  said  rough  rolling  mill  (24, 
35,  36);  taking  up  and  coiling  the  material  imme- 
diately  after  said  at  least  one  backward  pass  by 
means  of  a  take-up  device  (65,  71  )  provided  on  an 
upstream  side  of  said  rough  rolling  mill  (24,  35, 
36)  ;  subjecting  the  material  to  the  last  forward 
rough  rolling  pass  while  uncoiling  the  material  from 
said  take-up  device  (65,  71);  and  directly  feeding 
the  material  from  said  last  forward  pass  of  said 
rough  rolling  mill  (24,  35,  36)  into  a  finish  rolling 
mill  (28,  37)  so  as  to  roll  the  material  into  the  final 
sheet  product  (32). 

13.  A  hot  rolling  method  for  hot-rolling  a  slab 
material  (7)  into  a  sheet  product  (32)  comprising 
the  steps  of:  feeding  the  material  into  a  reversible 
rough  rolling  mill  (24,  35,  36)  so  as  to  effect  at 
least  one  forward  pass  and  at  least  one  backward 
pass  through  said  rough  rolling  mill  (24,  35,  36); 
taking  up  and  coiling  the  material  immediately  after 
said  at  least  one  forward  pass  by  means  of  a  take- 
up  device  (72)  provided  on  a  downstream  side  of 
said  rough  rolling  mill;  subsequently  conducting  a 
backward  rough  rolling  pass  while  uncoiling  the 
material  from  said  take-up  device  (72)  and  taking- 
up  and  coiling  the  material  by  means  of  another 
take-up  device  (65,  71)  provided  on  an  upstream 
side  of  said  rough  rolling  mill  (24,  35,  36);  subject- 
ing  the  material  to  the  last  forward  rough  rolling 
pass  while  uncoiling  the  material  from  said  another 
take-up  device  (65,  71);  and  directly  feeding  the 
material  from  said  last  forward  pass  of  said  rough 
rolling  mill  (24,  35,  36)  into  a  finish  rolling  mill  (28, 
37)  so  as  to  roll  the  material  into  the  final  sheet 
product  (32). 
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