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Description 

The  present  invention  relates  to  a  rolling  mill 
comprising  an  upper  and  a  lower  work  roll  and  at 
least  one  axially  displaceable  roll  arranged  at  one 
side  of  the  work  rolls  in  such  a  manner  that  its 
axis  substantially  coincides  with  the  plane  of  the 
axis  of  the  work  rolls,  said  displaceable  roll  being 
shiftable  in  the  axial  direction  in  accordance  with 
the  width  of  the  rolled  sheet  and  has  one  axial  end 
portion  continuing  the  profile  of  the  displaceable 
roll  through  smooth  transition  to  an  arcuate 
profile  the  diameter  of  which  is  gradually 
decreased  toward  the  axial  outer  end. 

From  the  DE—  A—  2  91  9  1  05  it  is  known  for  such 
a  rolling  mill  to  have  two  stiff  backup  rolls,  two 
intermediate  rolls  with  bending  means  and  two 
work  rolls  of  smaller  diameter.  For  controlling  the 
profile  of  the  edge  portions  of  the  strip  the 
intermediate  rolls  are  shiftable  in  the  axial  direc- 
tions  and  are  provided  with  one  parabolic  tapered 
end  portion. 

The  US—  A—  3  818  743  discloses  a  rolling  mill 
having  intermediate  rolls  disposed  between  an 
upper  work  roll  and  an  upper  backup  roll  and 
between  a  lower  work  roll  and  a  lower  backup 
roll,  respectively,  the  intermediate  rolls  being 
axially  displaceable  in  opposite  directions,  and  a 
work  roll  bender. 

In  this  rolling  mill,  the  length  of  contact 
between  cooperating  rolls  is  changed  by  the  axial 
displacement  of  the  intermediate  rolls  to  permit 
the  control  of  the  deflection  of  the  work  roll.  This 
rolling  mill,  therefore,  can  remarkably  improve 
the  quality  of  control  of  the  shape  of  the  rolled 
product,  thanks  to  the  combination  of  the  axial 
displacement  of  the  intermediate  rolls  and  the 
operation  of  the  work  roll  bender.  In  addition,  this 
rolling  mill  offers  various  additional  advantages 
such  as  improvements  in  efficiency  of  the  rolling 
equipment  as  a  whole,  rate  of  operation  of  the 
rolling  mill  and  enhanced  yield  of  the  product,  as 
well  as  saving  of  labour  and  energy. 

In  the  rolling  mill  having  axially  displaceable 
rolls  of  the  kind  described,  rolls  are  arranged  in  an 
asymmetric  manner  with  respect  to  the  central 
axis  of  the  rolling  mill,  so  that  an  asymmetric  axial 
load  distribution  is  formed  between  the  axially 
displaceable  rolls  and  the  cooperating  rolls  con- 
tacting  the  latter.  In  particular,  the  greatest  load  is 
produced  at  each  axial  end  portion  of  the  axially 
displaceable  rolls. 

This  problem  is  serious  particularly  when  the 
axially  displaceable  roll  has  end  portions  having  a 
stepped  form,  because  in  such  a  case  an 
extremely  large  stress  concentration  takes  place 
in  the  portions  of  the  roll  surface  near  the  stepped 
ends,  because  the  roll  is  abruptly  released  from 
the  rolling  load  at  the  stepped  axial  ends. 

Thus,  the  axial  end  portions  of  the  axially 
displaceable  roll  suffer  double  disadvantages  in 
connection  with  the  load  as  compared  with  the 
roll  of  the  conventional  rolling  mill,  resulting  in  a 
shortened  life  of  the  roll  and/or  generation  of 
spalling. 

In  addition,  in  the  event  of  the  axially  displace- 
able  roll  has  stepped  end  portions,  linear  surface 
flaws  or  scores  are  formed  in  the  surface  of  the 
adjacent  roll.  Such  surface  flow  or  score  not  only 

5  shortens  the  life  of  the  roll  but  also  is  transferred 
to  the  rolled  product  to  seriously  degrade  the 
quality  of  the  latter  if  it  is  formed  within  the  span 
or  width  of  the  rolled  product. 

The  rolls  of  rolling  mills  are  usually  made  of  4 
w  forged  steel  or  cast  steel.  It  is,  therefore, 

extremely  difficult  to  overcome  the  above- 
described  problems  by  drastically  enhancing  the 
roll  strength.  The  use  of  expensive  hard  materials, 
needless  to  say,  uneconomically  raises  the  cost  of 

15  the  roll. 
Under  these  circumstances,  it  is  an  important 

technical  subject  to  be  achieved  in  the  field  of 
rolling  mills  to  ensure  a  high  quality  of  the  rolled 
products  by  avoiding  flaws  or  scores,  while  realiz- 

20  ing  sufficient  durability  and  anti-spalling  charac- 
teristics  of  the  roll,  using  the  conventional  less 
expensive  roll  materials. 

The  rolling  mill  of  the  kind  described  inherently 
has  a  superior  shape  controllability.  Thus,  it  is 

25  also  an  important  technical  subject  to  optimize 
the  shape  and  size  of  the  axial  end  portion  of  the 
axially  displaceable  roll  so  as  to  further  improve 
or  at  least  to  maintain  the  superior  shape  con- 
trollability. 

30  The  present  inventors  have  made  proposals,  on 
an  assumption  to  provide  the  axial  end  portion  of 
the  axially  displaceable  roll  with  an  arcuate  pro- 
file,  to  represent  the  radius  of  curvature  of  the 
arcuate  profile  by  a  value  of  no  dimension  in 

35  relation  to  the  roll  diameter.  In  this  connection,  a 
reference  shall  be  made  to  Japanese  Patent 
Publication  No.  16784/1978.  This  proposal,  how- 
ever,  provides  a  solution  to  a  problem  concerning 
the  determination  of  the  starting  point  of  the  axial 

40  end  portion  of  the  roll,  i.e.  the  junction  between 
the  cylindrical  roll  body  portion  and  the  arcuate 
axial  end  portion. 

If  the  load  is  applied  to  the  rolls  in  such  a  state 
that  an  axial  end  portion  of  the  displaceable  roll 

45  contacts  the  lengthwise  mid  portion  of  the  adja- 
cent  roll,  a  flattening  deformation  is  caused  in  the 
contact  regions  of  both  rolls,  so  that  the  axial 
contact  length  is  increased  as  compared  with  that 
presented  when  there  is  no  load  applied  to  the 

so  rolls.  It  is  true  that  the  stress  concentration  and 
the  scoring  in  the  rolled  product  can  be  avoided  to 
some  extent  by  adopting  an  arcuate  profile  of 
radius  R  of  curvature  at  the  axial  end  portions  of 
the  displaceable  roll.  However,  if  the  portion  of 

55  the  increased  length  due  to  application  of  load 
has  inadequate  shape  and  size,  the  contact  region  ■ 
between  two  rolls  is  abruptly  terminated  so  that  N 
the  problems  experienced  with  the  use  of  dis- 
placeable  roll  having  stepped  axial  end  portions 

60  are  encountered  even  if  the  displaceable  roll  has 
axial  end  portions  of  arcuate  profile. 

The  rolling  mill  of  the  type  described  permits 
good  rolling  for  varying  rolling  load  and  rolling 
width.  In  fact,  the  rolling  can  be  satisfactorily 

65  performed  even  at  such  a  high  reduction  ratio  of 
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about  50%.  In  the  rolling  operation  at  such  a  high 
reduction  ratio,  the  amount  of  flattening  deforma- 
tion  between  the  rolls  is  innegligibly  large,  and 
the  above-mentioned  problems  cannot  be  obvi- 
ated  solely  by  adopting  arcuate  profile  of  the  axial 
end  portions  of  displaceable  roll. 

In  the  DE—  A—  2919105,  there  is  shown  in  Fig.  6 
to  8  a  construction  according  to  the  preamble  of 
claim  1,  wherein  the  reduced  radius  portion  in  the 
form  of  parabolic  or  arcuate  profile  portion  is 
formed  in  the  barrel  end  portion  of  axially  dis- 
placeable  rolls  which  is  installed  as  an  inter- 
mediate  roll  of  6-high  rolling  mill.  However,  the 
dimensional  restriction  on  the  amount  of  reduced 
radius  in  that  parabolic  profile  portion  is  not 
disclosed  at  all  in  this  reference.  The  work  roll 
diameter  is  less  than  15%  of  the  roll  barrel  length 
and  thus  it  is  insufficient  in  its  rigidity  as  a  work 
roll.  Incidentally,  the  parabolic  profile  portion  of 
axially  displaceable  roll  is  merely  disclosed  as  a 
technique  for  preventing  the  roll  from  being 
scored  owing  to  the  fact  that  the  end  portion  of 
intermediate  roll  changes  abruptly  from  a 
cylindrical  portion  to  a  tapered  portion  by  means 
of  regulating  the  profile  of  axially  displaceable  roll 
so  as  to  correspond  with  the  deflection  amount  of 
work  roll. 

In  the  US—  A—  3  773  878  a  back-up  or  work  roll 
for  a  4-high-mili  is  disclosed,  having  end  reliefs 
on  both  end  portions,  which  reduce  the  roll  end 
spalling  and  increase  the  range  of  roll  contour 
control  by  bending.  The  end  reliefs  of  the  roll 
comprise  two  symmetrically  located  smoothly 
curving  exponential  functions  extending  from  the 
center  line  of  the  roll  barrel  to  the  two  roll  ends  or 
from  two  locations  intermediate  the  ends  of  the 
roll  and  the  roll  barrel  center  line  to  the  ends  of 
the  roll.  All  rolls  of  this  rolling  mill  are  fixed  in  the 
axial  direction  so  that  the  problems  discussed 
above  do  not  occur. 

It  is  the  object  of  the  invention  to  provide  a 
rolling  mill  having  axially  displaceable  rolls 
shaped  and  sized  on  its  end  portions  to  avoid 
undesirable  stress  concentration,  as  well  as 
generation  of  spalling  and  score  at  the  axial  end 
portions  of  the  rolls,  even  if  the  length  of  contact 
region  between  two  contacting  rolls  is  increased 
under  the  application  of  the  rolling  load,  to 
improve  the  durability  of  the  roll  thereby  to 
overcome  the  above-described  problems  of  the 
prior  art,  while  improving  the  shape  controllabil- 
ity  of  the  rolling  mill. 

By  the  shape  of  the  end  portions  of  the  axially 
displaceable  rolls  the  generation  of  surface  flaw 
or  score  in  the  contacting  roll  should  be  elimi- 
nated,  even  when  conventional  less-expensive 

'  material  such  as  forged  steel,  cast  steel  or  the  like 
is  used  as  the  material  of  the  roll.  The  roll  having 
axial  end  portions  shaped  and  sized  to  permit  the 
roll  to  be  applied  to  a  wide  variety  of  size  and  use 
of  the  rolling  mill,  e.g.  rolling  mill  for  aluminium, 
iron,  hard  metals  and  so  forth. 

The  solution  of  this  object  according  to  the 
invention  is  characterized  in  that  the  reduction  ye 
in  radius  of  said  axial  end  portion  within  the  range 

x,  of  100  mm  as  measured  from  the  starting  point 
S  of  said  axial  end  portion  toward  said  axial  end  is 
at  least  0,3  mm  and  that  the  diameter  of  the  work 
rolls  is  at  least  15%  of  the  roll  barrel  length. 

5  In  the  rolling  mill  of  the  invention,  the  end 
portion  of  the  displaceable  roll  is  suitably  located 
in  relation  to  the  widthwise  end  of  the  rolled 
material  to  perform  a  good  shape  control.  There 
is  a  problem  that  the  boundary  between  the 

10  contacting  region  and  non-contacting  region  of 
the  displaceable  roll  with  the  adjacent  roll  is 
moved  due  to  a  Hertz  flattening  of  the  rolls  when 
the  rolling  load  is  actually  applied.  According  to 
the  invention,  even  if  the  above-mentioned 

15  boundary  is  shifted  this  problem  is  fairly  over- 
come  to  ensure  a  good  shape  control  while 
avoiding  the  stress  concentration  and  generation 
of  spalling  and  scoring  of  the  roll,  because,  in  the 
rolling  mill  according  to  the  invention,  each  dis- 

20  placeable  roll  has  an  axial  end  portion  which  is 
shaped  in  such  a  manner  that  a  diameter 
gradually  reduces  toward  the  axial  outer  extrem- 
ity  and  that  the  reduction  in  radius  in  each  axial 
end  portion  within  the  axial  region  of  100  mm  as 

25  measured  from  the  starting  point  of  the  axial  end 
portion  is  at  least  0.3  mm. 

These  and  other  objects,  as  well  as  advan- 
tageous  features  of  the  invention  will  become 
clear  from  the  following  description  of  the  pre- 

30  ferred  embodiments  taken  in  conjunction  with  the 
accompanying  drawings. 

Brief  description  of  the  drawings 
Fig.  1  is  a  sectional  view  of  a  rolling  mill  having 

35  axially  displaceable  rolls  the  axial  end  portions  of 
which  being  specifically  shaped  and  sized  in 
accordance  with  the  invention; 

Fig.  2  is  a  side  elevational  view  of  the  rolling 
mill  as  shown  in  Fig.  1; 

40  Fig.  3  is  an  enlarged  view  of  axial  end  portion  of 
the  axially  displaceable  roll; 

Figs.  4A,  4B  and  4C  are  illustrations  of  posi- 
tional  relationships  of  the  rolls  incorporated  in  the 
rolling  mill; 

45  Fig.  5  is  a  chart  showing  the  relationship 
between  the  amount  of  Hertz  flattening  of  rolls 
and  roll  line  load; 

Fig.  6  is  an  illustration  of  deformation  of  a  roll  of 
small  diameter; 

so  Fig.  7  is  a  chart  showing  the  relationship 
between  the  sheet  width  and  the  rolled  sheet  and 
the  diameter  of  small  work  roll; 

Figs.  8  and  9  are  illustrations  of  other  shapes  of 
the  axial  end  portion  of  the  axially  displaceable 

55  roll; 
Fig.  10  is  an  illustration  of  load  distribution  on 

the  roll;  and 
Figs.  11  and  12  show  different  rolling  mills  in 

which  the  axially  displaceable  rolls  having  axial 
so  end  portions  specifically  sized  and  shaped  in 

accordance  with  the  invention  are  incorporated. 

Description  of  the  preferred  embodiments 
Preferred  embodiments  of  the  invention  will  be 

65  described  hereinunder. 
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Figs.  1  and  2  show  a  six  high  mill  embodying 
the  invention  having  axially  displaceable  rolls  the 
axial  end  portions  of  which  are  shaped  and  sized 
in  accordance  with  the  invention.  More  speci- 
fically.  Fig.  1  is  a  sectional  view  of  the  rolling  mill, 
while  Fig.  2  is  a  side  elevational  view. 

Upper  and  lower  work  rolls  2,  3  for  rolling  the 
material  1  to  be  rolled  in  direct  contact  with  the 
latter  are  supported  by  metal  chocks  5,  6  held  in 
the  roll  housing  4  at  their  both  ends.  The  metal 
chocks  5,  6  in  turn  are  carried  by  the  inside  of  the 
left  and  right  projections  7,  8  provided  on  the  roll 
housing  4  for  free  vertical  adjustment.  The  projec- 
tions  7,  8  incorporate  hydraulic  rams  9,  10  for 
effecting  bending  of  the  upper  and  lower  work 
rolls. 

Upper  and  lower  intermediate  rolls  11,  12 
arranged  in  pair  and  contacting  the  work  rolls  2,  3, 
respectively,  are  disposed  such  that  their  axes  are 
substantially  in  the  same  plane  as  those  of  the 
upper  and  lower  work  rolls  2,  3,  and  are 
supported  at  their  both  ends  by  metal  chocks  13, 
14.  Each  intermediate  roll  has  an  axial  end  portion 
having  an  arcuate  profile  and  of  a  diameter 
gradually  decreasing  toward  the  axial  outer 
extremity.  More  specifically,  the  intermediate 
rolls  are  arranged  such  that  their  arcuate  axial  end 
portions  are  located  at  opposite  sides  of  the 
rolling  mill.  In  other  words,  the  arcuate  axial  end 
portion  of  one  intermediate  roll  is  located  at  left 
side  of  the  path  of  the  rolled  material,  while  the 
arcuate  axial  end  portion  of  the  other  inter- 
mediate  roll  is  located  at  the  right  side  of  the 
same. 

Upper  and  lower  backup  rolls  15,  16  are 
arranged  in  a  pair,  in  contact  with  the  upper  side 
of  the  upper  intermediate  roll  11  and  the  lower 
side  of  the  lower  intermediate  roll  12,  respec- 
tively,  such  that  the  axes  of  these  backup  rolls  are 
in  the  same  plane  as  the  axes  of  the  intermediate 
and  work  rolls.  These  backup  rolls  15,  16  are 
supported  at  their  both  ends  by  metal  chocks  17, 
18  provided  in  the  roll  housing  4.  A  hydraulic  ram. 
19  for  effecting  the  roll  reduction  is  connected  to 
the  lower  side  of  the  metal  chock  18  and  is 
received  by  a  cylinder  20.  The  metal  chocks  13,  14 
for  the  intermediate  rolls  are  received  by  recesses 
21,22  of  the  metal  chocks  17,  18  for  backup  rolls, 
so  as  to  permit  the  intermediate  rolls  11,  12  to  be 
displaced  in  the  upward  and  downward  direction, 
as  well  as  in  the  axial  direction. 

The  intermediate  rolls  11,  12  are  coupled, 
through  shafts  23,  24  connected  to  their  one  ends, 
with  means  (not  shown)  for  axially  displacing  the 
intermediate  rolls  in  opposite  axial  directions.  The 
work  rolls  2,  3  are  drivingly  coupled  with  driving 
means  (not  shown)  through  respective  universal 
joints  25,  26  and  drive  shafts  27,  28. 

In  the  rolling  mill  having  the  described  con- 
struction,  the  axial  end  portion  of  each  inter- 
mediate  roll  is  axially  adjusted  in  accordance  with 
the  width  of  the  sheet  being  rolled  in  such  a 
manner  that,  for  example,  the  starting  point  of  the 
axial  end  portion  of  decreasing  diameter  is 
located  to  a  position  corresponding  to  the  width- 

wise  end  of  the  rolled  sheet  or  its  vicinity.  In 
consequence,  the  undesirable  deflection  of  the 
work  roll,  due  to  the  load  imposed  by  the  backup 
roll  contacting  therewith,  is  avoided  to  prevent 

5  excessive  rolling  of  the  rolled  sheet  at  both  axial 
ends  of  the  work  roll.  In  addition,  the  roll  bending 
effect  is  well  performed  by  the  hydraulic  ram  for 
bending,  because  each  work  roll  is  freed  at  its  one 
axial  end  from  contact  with  the  backup  roll. 

10  Hereinafter,  a  description  will  be  made  as  to  the 
shape  and  size  of  the  axial  end  portion  of  the 
axially  displaceable  roll. 

Fig.  3  is  an  enlarged  view  of  the  axial  end 
portion  of  the  intermediate  roll,  in  which  x„  R  and 

is  ye  represent,  respectively,  the  axial  length,  radius 
of  curvature  and  radius  reduction  (relief)  of  the 
axial  end  portion  of  the  intermediate  roll.  Also, 
the  diameter  of  the  cylindrical  body  portion  and 
the  point  at  which  the  axial  end  portion  starts  are 

20  designated  with  D  and  S,  respectively.  The  direc- 
tion  of  roll  axis  is  represented  by  x-axis,  while  the 
upward  and  downward  direction  as  viewed  in  this 
Figure  is  represented  by  y-axis,  with  the  crossing 
point  of  the  vertical  line  passing  the  starting  point 

25  S  and  the  horizontal  plane  containing  the  inter- 
mediate  roll  surface  constituting  the  origin  of  the 
coordinate. 

Figs.  4A  to  4C  show  the  positional  relationship 
of  rolls.  More  specifically,  Fig.  4A  shows  the  state 

30  in  which  no  rolling  load  is  imposed.  Fig.  4B  shows 
the  state  in  which  the  roll  end  portion  is  in  contact 
with  the  cooperating  roll  over  the  entire  axial 
length  thereof  due  to  a  rolling  load  imposed 
thereon  and  Fig.  4C  shows  the  state  in  which  the 

35  rolling  load  is  imposed  but  the  axial  end  portion 
makes  contact  with  the  cooperating  roll  only  at  a 
part  of  axial  length  thereof. 

In  order  to  achieve  the  object  of  the  invention,  it 
is  necessary  to  satisfy  the  following  three  require- 

40  ments: 
(1)  To  make  sure  that  the  axial  end  portion  of 

the  axially  displaceable  roll  does  not  make  con- 
tact  over  its  entire  axial  length  with  the 
cooperating  roll  even  when  under  the  presence  of 

45  the  rolling  load  as  shown  in  Fig.  4C,  i.e.  to  have 
the  minimum  required  relief  yt. 

(2)  To  provide  the  axial  end  portion  with  a 
shape  and  size  which  eliminate  the  problems 
concerning  the  roll  strength  and  scoring  of  the  roll 

so  even  when  the  boundary  between  the  contacting 
and  non-contacting  axial  regions  of  the  axial  end 
portion  of  the  displaceable  roll  is  shifted  due  to 
the  application  of  rolling  load. 

(3)  To  provide  the  axial  end  portion  with  a 
55  shape  and  size  which  ensure  a  higher  shape 

controllability  of  the  rolling  mill,  as  will  be 
described  later  in  more  detail. 

In  order  to  determine  the  relief  amount  yt  as 
stated  in  item  (1)  above,  it  is  necessary  to  obtain 

60  the  amount  of  deformation  of  rolls  due  to  contact 
under  the  presence  of  the  load. 

There  are  two  kinds  of  deformation,  one  of 
which  is  usually  referred  to  as  Hertz  flattening. 

Fig.  5  shows  the  theoretically  obtained  reiation- 
65  ship  between  the  amount  5  of  Hertz  flattening 
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generated  between  two  rolls  29,  30  and  the  line 
load  p  (load  per  unit  axial  length  of  roll)  imposed 
on  the  roll.  This  relationship  is  theoretically 
defined  by  the  following  equation. 

p  2  r t ^ + d j )  
5=—  A(—  +1n  1n  p) 

n  3  2A 
and 

2(1  -v2) 
A= 

where,  
^ 

E.  Young's  modulus 
v:  Poisson's  ratio 
Thus,  the  Hertz  flattening  amount  can  be 

expressed  by  the  following  equation,  if  the  sum 
(d,  +  d2)  of  diameters  of  two  rolls  29,  30  fall 
within  the  practical  range 

5  =  3  x  10-4  p 
where, 

5:  mm 
p:  Kg/mm 
The  roll  line  load  adopted  in  actual  rolling  mills 

usually  falls  within  the  following  ranges: 
(a)  p  =  200  to  500  Kg/mm  (2000  to  50000 

N/mm):  small-sized  rolling  mill,  rolling  mill  for 
aluminum,  skin  pass  rolling  mill  for  iron 

(b)  p  =  800  to  1000  Kg/mm  (8000  to  10000 
N/mm):  large-sized  rolling  mill,  rolling  mill  for 
hard  material. 

Thus,  the  amount  of  Hertz  flattening  5  is  calcu- 
lated  to  be  0.06  to  0.1  5  mm  and  0.24  to  0.3  mm  for 
the  rolling  mills  belonging  to  the  categories  (a) 
and  (b).  Therefore,  in  order  to  ensure  that  the 
contact  between  the  axial  end  portion  of  the 
displaceable  roll  and  the  cooperating  roll  takes 
place  only  over  a  portion  of  the  axial  end  portion 
of  the  displaceable  roll  by  providing  the  relief 
amount  ye  in  only  one  of  these  rolls,  the  relief 
amount  ye  should  be  at  least  0.3  mm. 

Another  factor  which  influences  the  roll  relief 
amount  ye  is  an  increase  in  the  length  of  contact 
region  between  the  rolls  owing  to  the  deflection 
of  rolls. 

Namely,  referring  to  Fig.  6,  if  the  cooperating 
work  roll  2  has  a  small  diameter  and  low  rigidity, 
such  a  work  roll  makes  a  large  deflection  so  that  it 
is  necessary  to  provide  a  sufficiently  large 
amount  of  relief.  In  the  case  where  the  portion  at 
which  the  contact  between  two  rolls  is  terminated 
is  created  by  the  axial  displacement  of  the  dis- 
placeable  roll  as  in  the  case  of  the  rolling  mill  of 
the  invention,  there  is  a  practical  limit  in  increas- 
ing  the  relief  amount  when  the  cooperating  roll 
has  a  small  diameter  as  in  the  case  of  work  roll. 

Fig.  7  shows  a  relationshp  between  the  rolled 
sheet  width  and  the  minimum  diameter  of  work 
roll  as  obtained  through  a  theoretical  calculation 
on  an  assumption  that  the  diameters  of  the 
backup  roll  and  the  intermediate  roll  are  1400  mm 
and  650  mm,  respectively,  and  that  the  roll  barrel 
length  of  the  intermediate  roll  is  1420  mm.  It  is 

necessary  that  the  work  roll  diameter  D'  has  to  be 
determined  in  relation  to  the  rolled  sheet  width  B 
to  satisfy  the  relationship  expressed  by  D'  §  0.2B. 
This  condition  is  generally  met  by  practical  sizes 

5  of  rolls.  This  relationship  expresses  the  limit  for 
avoiding  the  so-called  composite  elongation  of 
the  rolled  material.  In  other  words,  this  relation 
determines  the  threshold  value  for  avoiding  an 
abrupt  deflection  of  the  cooperating  roll  at  a 

w  portion  of  the  latter  where  the  support  by  the 
displaceable  roll  is  lost  due  to  the  axial  displace- 
ment  of  the  latter. 

Taking  account  of  the  meandering  of  the  rolled 
material  during  rolling,  in  the  practical  rolling 

is  mills,  the  rolls  having  roll  barrel  length  100  to  150 
mm  greater  than  the  rolled  sheet  width  are 
employed.  For  instance,  for  satisfactorily  rolling  a 
sheet  having  a  maximum  width  of  800  mm,  the 
minimum  required  diameter  of  the  work  roll  is 

20  160  mm  and  the  roll  barrel  length  is  selected  to  be 
900  to  950  mm.  Thus,  the  ratio  of  work  roll 
diameter  to  the  roll  barrel  length  is  17  to  18%. 
Since  the  invention  is  applied  to  the  rolling  mill 
having  work  roll  of  a  high  flexural  rigidity  and  the 

25  ratio  of  diameter  to  roll  barrel  length  of  work  roll 
exceeding  at  least  15%,  each  work  roll  can  be 
supported  by  only  one  roll  which  is,  in  the 
arrangement  shown  in  Fig.  1,  the  intermediate  roll 
which  is  disposed  at  each  of  upper  and  lower 

30  sides  of  the  pair  of  work  rolls. 
Therefore,  provided  that  the  diameter  of  the 

cooperating  roll  is  selected  to  be  greater  than  the 
above-mentioned  minimum  limit  or  threshold 
value,  it  is  not  necessary  to  take  into  considera- 

35  tion  the  expansion  of  the  contact  region  attribut- 
able  to  the  abrupt  deflection  of  the  cooperating 
roll. 

To  sum  up,  it  is  required  that  the  amount  of 
relief  at  the  axial  extremity  or  edge  of  the  axially 

40  displaceable  roll  is  at  least  0.3  mm  in  radius. 
An  explanation  will  be  made  hereinunder  as  to 

the  item  (2)  of  the  aforementioned  requirements. 
It  is  possible  to  preserve  a  non-contacting  portion 
in  the  axial  end  portion  of  the  displaceable  roll,  if 

45  the  axial  end  portion  has  a  relief  amount  in  excess 
of  0.3  mm  as  stated  above.  In  order  to  avoid  the 
concentration  of  stress  to  the  boundary  between 
the  contacting  and  non-contacting  regions  in  the 
axial  end  portion  of  the  displaceable  roll,  as  well 

so  as  scoring  in  the  cooperating  roll  at  the  position  of 
such  a  boundary,  it  is  preferred  that  the  roll 
diameter  of  the  axial  end  portion  is  decreased 
toward  the  axial  extremity  or  edge  as  gradually  as 
possible.  It  is  preferred  that  such  an  arcuate  axial 

55  end  portion  has  a  radius  of  curvature  in  excess  of 
200  mm.  Since  a  stress  concentration  tends  to 
occur  at  the  starting  point  of  the  axial  end  portion, 
i.e.  at  the  boundary  between  the  cylindrical  body 
portion  and  axial  end  portion  of  the  displaceable 

60  roll,  it  is  preferred  that  the  axial  end  portion  has 
an  arcuate  profile  of  a  radius  of  curvature  of  at 
least  200  mm,  more  preferably  between  300  and 
4000  mm  to  gradually  decrease  the  roll  diameter 
at  such  an  axial  end  portion. 

65  Referring  now  to  the  item  (3)  of  the  aforemen- 
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tioned  requirements,  although  it  is  preferred  to 
reduce  the  diameter  of  axial  end  portion  of  the 
displaceable  roll  as  gradually  as  possible  to  avoid 
the  stress  concentration  and  scoring,  a  too  small 
rate  of  decrease  in  the  roll  diameter  will  cause  a  5 
large  change  of  contact  length  between  the 
axially  displaceable  roll  and  the  adjacent  roll  due 
to  the  action  of  the  rolling  load  which  in  turn 
hinders  the  precise  location  of  the  axial  end 
portion  of  displaceable  roll  in  relation  to  the  rolled  10 
material,  resulting  in  an  insufficient  shape  con- 
trollability. 

According  to  the  results  of  studies  made  by  the 
present  inventors,  it  has  been  made  clear  that,  in 
the  large-size  rolling  mill  having  a  roll  line  is 
pressure  p  of  800  to  1000  Kg/mm  (8000  to  10000 
N/mm),  the  axial  displacement  of  the  boundary 
between  the  contacting  region  and  non-contact- 
ing  region  is  preferably  smaller  than  10  mm.  A 
discussion  will  be  made  hereinunder  as  to  the  20 
condition  for  maintaining  the  axial  displacement 
within  the  range  below  the  above-specified  limit 
value. 

Representing  the  axial  displacements  when  the 
roll  line  load  p  is  800  Kg/mm  and  1000  Kg/mm  25 
(8000  to  10000  N/mm),  respectively,  by  X2  and  X1f 
and  assuming  that  the  axial  end  portion  of  the 
displaceable  roll  has  an  arcuate  profile  of  radius  R 
of  curvature  for  simplification  of  calculation,  there 
exist  the  relationships  expressed  by  the  following  30 
equations.  As  stated  already,  the  amounts  of 
Hertz  flattening  5  are  0.24  mm  and  0.3  mm, 
respectively,  when  the  roll  line  load  p  is  800  Kg/ 
mm  and  1000  Kg/mm  (8000  to  10000  N/mm). 

35 

0.3= 
2R 

X22  (X^IO)2  40 
0.24=  —  =  . 

2R  2R 
From  the  above  equations,  it  is  derived  that  the 

axial  displacement  X,  is  94.7  mm.  Thus,  as  a  45 
standard,  it  is  required  to  provide  a  relief  amount 
ye  in  axial  end  portion  of  at  least  0.3  mm  in  radius 
within  the  region  of  100  mm  as  measured  from 
the  starting  point  of  the  axial  end  portion  toward 
the  axial  extremity  or  edge  of  the  displaceable  50 
roll.  Under  the  presence  of  the  rolling  load,  the 
boundary  between  the  contacting  and  non-con- 
tacting  regions  exist  between  the  starting  point  S 
of  the  axial  end  portion  and  the  axial  extremity  or 
edge  of  the  displaceable  roll.  The  roll  line  load  is  55 
decreased  as  such  boundary  is  shifted  toward  the 
axial  extremity.  It  is,  therefore,  possible  to  make 
the  axial  outer  part  of  the  axial  end  portion  have  a 
radius  R  of  curvature  smaller  than  that  at  the 
starting  point  of  the  axial  end  portion  or  to  form  eo 
such  an  axial  outer  part  by  a  straight  line  of  a 
large  gradient.  By  so  doing,  it  is  possible  to  obtain 
the  smaller  length  between  the  starting  point  S  of 
the  axial  end  portion  and  the  point  at  which  the 
radius  reduction  of  0.3  mm  is  achieved.  65 

For  minimizing  the  axial  length  of  the  axial  end 
portion  of  the  displaceable  roll  while  avoiding  the 
inconveniences  such  as  lack  of  strength  at  the 
starting  point  S  of  the  axial  end  portion,  it  is 
suggested  as  a  preferred  embodiment  that  the 
arcuate  axial  end  portion  of  the  displaceable  roll 
has  a  radius  of  curvature  between  300  and  4000 
mm.  Although  the  similar  calculation  is  omitted, 
since  the  change  of  rolling  load  for  the  same 
rolling  mill  is  reduced,  it  is  desirable  that  the 
length  between  the  starting  point  S  of  the  axial 
end  portion  of  the  displaceable  roll  and  the  point 
at  which  the  radius  reduction  of  0.3  mm  or  greater 
is  reached  is  selected  to  be  smaller  than  100  mm. 

Figs.  8  and  9  show  different  forms  of  the  axial 
end  portion  of  the  displaceable  roll.  More  speci- 
fically,  in  the  arrangement  shown  in  Fig.  8,  the 
part  of  the  axial  end  portion  between  the  starting 
point  and  the  point  at  which  the  relief  amount  of 
0.5  mm  is  achieved  has  a  radius  of  curvature  of 
5000  mmR  and  the  part  of  the  axial  end  portion 
beyond  the  above-mentioned  point  is  formed 
with  a  radius  of  curvature  of  500  mmR,  the  parts 
of  500  mmR  and  5000  mmR  being  connected 
smoothly. 

On  the  other  hand,  Fig.  9  shows  the  form  of  the 
axial  end  portion  in  which  the  axial  outer  part  of 
the  axial  end  portion  is  relieved  by  a  straight  line. 
The  forms  of  roll  end  portion  as  shown  in  Figs.  8 
and  9  offer  an  advantage  that  the  axial  length 
between  the  starting  point  of  the  axial  end  portion 
and  the  axial  extremity  or  edge  of  the  displace- 
able  roll  is  diminished  to  shorten  the  time 
required  for  grinding  the  axial  end  portion  of  the 
displaceable  roll,  which  is  usually  troublesome 
and  time  consuming.  In  addition,  it  is  possible  to 
obtain  the  large  relief  amount  in  radius  with  a 
small  axial  length  of  the  axial  end  portion,  e.g.  an 
amount  of  Hertz  flattening  of  1  mm  or  so  genera- 
ted  in  the  worst  case  such  as  a  rolling  accident. 

In  the  foregoing  description,  the  explanation  is' 
focussed  only  specifically  on  the  axial  end  portion 
of  the  displaceable  intermediate  roll.  It  is  clear, 
however,  that  the  axial  end  portion  of  the  work 
roll  cooperating  with  the  displaceable  inter- 
mediate  roll  makes  a  contact  with  the  cylindrical 
body  portion  of  the  latter,  as  a  result  of  the  axial 
adjustment  of  the  displaceable  roll,  as  shown  in 
Fig.  10.  In  the  point  of  such  a  contact,  the  load 
distribution  of  roll  contact  between  the  rolls  is  so 
small,  as  shown  in  Fig.  10,  that  no  substantial 
problem  is  imposed  concerning  the  strength. 
However,  in  order  to  avoid  the  scoring  in  the 
displaceable  roll  caused  by  the  axial  end  portion 
of  the  work  roll,  it  is  suggested  that  the  work  roll 
has  an  axial  end  portion  the  diameter  of  which  is 
gradually  decreased  toward  the  axial  extremity, 
e.g.  in  an  arcuate  profile  as  shown  in  Fig.  10. 
Incidentally,  in  Fig.  10  the  mark  P  represents  the 
rolling  load. 

Furthermore,  although  the  invention  has  been 
described  specifically  through  a  six  high  mill 
having  two  intermediate  rolls  displaceable  in 
opposite  axial  directions  and  disposed  between 
the  upper  work  roll  and  upper  backup  roll  and 
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between  the  lower  work  roll  and  lower  backup 
roll,  this  is  not  exclusive  and  the  invention  is 
applicable  to  a  four  high  mill  as  shown  in  Fig.  11 
in  which  backup  rolls  are  axially  displaceable,  a 
multi-stage  mill  as  shown  in  Fig.  12  having  two 
intermediate  rolls  axially  displaceable  in  opposite 
directions  and  disposed  between  the  upper  work 
roll  and  upper  backup  roll  and  various  other  types 
of  rolling  mill. 

The  invention  can  be  applied  also  to  a  rolling 
mill  incorporating  rolls  having  a  crown  over  their 
entire  axial  length.  In  such  a  case,  the  point  at 
which  the  curvature  of  the  crown  or  the  taper  is 
abruptly  changed  is  considered  as  being  the 
starting  point  of  the  axial  end  portion  of  roll. 

Claims 

1.  Rolling  mill  comprising  an  upper  and  a  lower 
work  roll  (2,  3)  and  at  least  one  axially  displace- 
able  roll  (11;  12)  arranged  at  one  side  of  the  work 
rolls  (2,  3)  in  such  a  manner  that  its  axis  sub- 
stantially  coincides  with  the  plane  of  the  axis  of 
the  work  rolls  (2,  3),  said  displaceable  roll  being 
shiftable  in  the  axial  direction  in  accordance  with 
the  width  of  the  rolled  sheet  and  has  one  axial  end 
portion  continuing  the  profile  of  the  displaceable 
roll  through  smooth  transition  to  an  arcuate 
profile  the  diameter  of  which  is  grandually 
decreased  toward  the  axial  outer  end,  charac- 
terized  in  that  the  reduction  ye  in  radius  of  said 
axial  end  portion  within  the  range  x,  of  100  mm  as 
measured  from  the  starting  point  S  of  said  axial 
end  portion  toward  said  axial  end  is  at  least  0.3 
mm  and  that  the  diameter  of  the  work  rolls  is  at 
least  15%  of  the  roll  barrel  length. 

2.  Rolling  mill  according  to  claim  1,  charac- 
terized  in  that  the  gradual  reduction  in  radius  of 
said  axial  end  portion  is  commenced  at  said 
starting  point  S  with  a  radius  R  of  curvature  of  200 
mm  or  greater. 

3.  Rolling  mill  according  to  claim  2,  charac- 
terized  in  that  the  radius  R  of  curvature  falls 
between  300  mm  and  4000  mm. 

4.  Rolling  mill  according  to  one  of  the  claims  1 
to  3,  characterized  in  that  a  pair  of  intermediate 
rolls  (11,  12)  arranged  at  the  upper  and  lower 
sides  of  said  pair  of  work  rolls  (2,  3)  in  contact 
with  the  latter  are  shiftable  in  the  axial  directions 
in  accordance  with  the  width  of  the  rolled  sheet 
(1)  and  each  having  the  end  portion  of  the 
reduced  diameter  at  one  end,  that  backup  rolls 
(15,  16)  are  arranged  at  the  upper  and  lower  side 
of  the  intermediate  rolls  (11,  12)  in  contact  with 
the  latter  and  that  bending  means  (9,  10)  are 
effecting  a  bending  action  on  the  work  rolls  (2,  3). 

5.  Rolling  mill  according  to  one  of  the  claims  1 
to  3,  characterized  in  that  a  pair  of  backup  rolls 
(15,  16)  disposed  at  the  upper  and  lower  sides  of 
the  work  rolls  (2,  3)  are  displaceable  in  the  axial 
direction  in  accordance  with  the  width  of  the 
rolled  sheet  (1),  each  of  said  backup  rolls  has  one 
axial  end  portion  of  gradually  decreased  diameter 
and  that  means  (9,  10)  are  arranged  for  effecting  a 
roll  bending  on  said  work  rolls  (2,  3). 

6.  Rolling  mill  according  to  one  of  the  claims  1 
to  5,  characterized  in  that  the  end  portion  of  the 
displaceable  rolls  (11,  12)  has  a  plurality  of 
arcuate  profiles  each  of  which  having  a  radius  of 

s  curvature  larger  than  200  mm. 
7.  Rolling  mill  according  to  one  of  the  claims  1 

to  5,  characterized  in  that  the  profile  of  the  end 
portion  of  the  displaceable  roll  (11,  12)  is  a 
combination  of  an  arcuate  profile  portion  com- 

10  mencing  at  the  starting  line  S  with  a  radius  of 
curvature  larger  than  200  mm  and  of  a  tapered 
profile  portion. 

Patentanspriiche 
15 

1.  Walzgeriist  mit  einer  oberen  und  einer  unte- 
ren  Arbeitswalze  (2,  3)  und  wenigstens  einer  axial 
verschiebbaren  Walze  (11;  12),  die  auf  einer  Seite 
der  Arbeitswalzen  (2,  3)  so  angeordnet  ist,  daB 

20  ihre  Achse  im  wesentlichen  mit  der  Ebene  der 
Achse  der  Arbeitswalzen  (2,  3)  zusammenfallt, 
wobei  die  verschiebbare  Walze  in  AxialriChtung 
entsprechend  der  Breite  des  Walzblechs  ver- 
schiebbar  ist  und  einen  axialen  Endabschnitt  hat, 

25  der  das  Profil  der  verschiebbaren  Walze  durch 
einen  gleichmalSigen  Ubergang  in  ein  gekriimm- 
tes  Profil  fortsetzt,  dessen  Durchmesser  in  Rich- 
tung  zum  axial  aulSeren  Ende  allmahlich  kleiner 
wird,  dadurch  gekennzeichnet,  dalS  die  Verkleine- 

30  rung  ye  des  Radius  des  axialen  Endabschnitts 
innerhalb  des  Bereichs  x,  von  100  mm,  gemessen 
vom  Anfangspunkt  S  des  axialen  Endabschnitts  in 
Richtung  zum  axialen  Ende,  wenigstens  0,3  mm 
betragt  und  dalS  der  Durchmesser  der  Arbeitswal- 

35  zen  wenigstens  15%  der  Walzenballenlange 
betragt. 

2.  Walzgeriist  nach  Anspruch  1,  dadurch 
gekennzeichnet,  dalS  die  allmahliche  Radiusver- 
kleinerung  des  axialen  Endabschnitts  an  dem 

40  Anfangspunkt  S  mit  einem  Kriimmungsradius  R 
von  200  mm  oder  mehr  beginnt. 

3.  Walzgeriist  nach  Anspruch  2,  dadurch 
gekennzeichnet,  dalS  der  Kriimmungsradius  R 
zwischen  300  mm  und  4000  mm  liegt. 

45  4.  Walzgeriist  nach  einem  der  Anspruche  1  —  3, 
dadurch  gekennzeichnet,  dalS  ein  Paar 
Zwischenwalzen  (11,  12),  die  an  derOber-und  der 
Unterseite  des  Arbeitswalzenpaars  (2,  3)  in  Kon- 
takt  mit  diesen  angeordnet  sind,  in  Axialrichtun- 

50  gen  entsprechend  der  Breite  des  Walzblechs  (1) 
verschiebbar  sind  und  jeweils  an  einem  Ende  den 
Endabschnitt  mit  verkleinertem  Durchmesser  auf- 
weisen,  daB  an  der  Ober-  und  der  Unterseite  der 
Zwischenwalzen  (11,  12)  Stutzwalzen  (15,  16)  in 

55  Kontakt  mit  diesen  angeordnet  sind,  und  da(5 
Biegeeinrichtungen  (9,  10)  eine  Biegekraft  auf  die 
Arbeitswalzen  (2,  3)  aufbringen. 

5.  Walzgeriist  nach  einem  der  Anspruche  1  —  3, 
dadurch  gekennzeichnet,  daB  ein  Paar  Stiitzwal- 

60  zen  (15,  16),  die  an  der  Ober-  und  der  Unterseite 
der  Arbeitswalzen  (2,  3)  angeordnet  sind,  in  Axial- 
richtung  entsprechend  der  Breite  des  Walzblechs 
(1)  verschiebbar  sind,  wobei  jede  Stiitzwalze 
einen  axialen  Endabschnitt  mit  allmahlich  abneh- 

65  mendem  Durchmesser  hat,  und  dalS  Einrichtun- 

7 
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gen  (9,  10)  angeordnet  sind,  die  auf  die  Arbeits- 
walzen  (2,  3)  eine  Walzenbiegekraft  aufbringen. 

6.  Walzgeriist  nach  einem  der  Anspriiche  1  —  5, 
dadurch  gekennzeichnet,  da(S  der  Endabschnitt 
der  verschiebbaren  Walzen  (11,  12)  mehrere 
gekrummte  Profile  hat,  deren  jedes  einen  Kriim- 
mungsradius  von  mehr  als  200  mm  hat. 

7.  Walzgeriist  nach  einem  der  Anspriiche  1  —  5, 
dadurch  gekennzeichnet,  dalS  das  Profil  des  End- 
abschnitts  der  verschiebbaren  Walze  (11,  12)  eine 
Kombination  aus  einem  gekriimmten  Profilab- 
schnitt,  der  an  der  Anfangslinie  S  mit  einem 
Kriimmungsradius  von  mehr  als  200  mm  beginnt, 
und  einem  sich  konisch  verjiingenden  Profilab- 
schnitt  ist. 

Revendications 

1.  Laminoir  comportant  un  cylindre  de  travail 
superieur  et  un  cylindre  de  travail  inferieur  (2,  3) 
et  au  moins  un  cylindre  (11;  12)  deplagable 
axialement  et  dispose  d'un  cote  des  cylindres  de 
travail  (2,  3)  de  telle  sorte  que  son  axe  coincide 
essentiellement  avec  le  plan  de  I'axe  des  cylin- 
dres  de  travail  (2,  3),  ledit  cylindre  deplagable 
pouvant  etre  deplace  suivant  la  direction  axiale 
conformement  a  la  largeur  de  la  feuille  laminee  et 
possedant  une  partie  d'extremite  axiale  prolon- 
geant  le  profil  du  cylindre  deplagable  par  une 
transition  douce  avec  un  profil  courbe,  dont  le 
diametre  diminue  graduellement  vers  I'extremite 
axiale  exterieure,  caracterise  en  ce  que  la  diminu- 
tion  ye  du  rayon  de  ladite  partie  d'extremite  axiale 
dans  I'etendue  x,  de  100  mm  mesuree  a  partir  du 
point  de  depart  S  de  ladite  partie  d'extremite 
axiale  en  direction  de  ladite  extremite  axiale  est 
egale  a  au  moins  0,3  mm  et  que  le  diametre  des 
cylindres  de  travail  est  egal  a  au  moins  15%  de  la 
longueur  du  corps  des  cylindres. 

2.  Laminoir  selon  la  revendication  1,  caracterise 
en  ce  que  la  reduction  graduelle  du  rayon  de 
ladite  partie  d'extremite  axiale  commence  audit 

point  de  depart  S  avec  un  rayon  de  courbure  rf 
egal  a  200  mm  ou  plus. 

3.  Laminoir  selon  la  revendication  2,  caracterise 
en  ce  que  le  rayon  de  courbure  R  se  situe  entre 

5  300  mm  et  4000  mm. 
4.  Laminoir  selon  I'une  des  revendications  1  a  3, 

caracterise  en  ce  qu'un  couple  de  cylindres  inter- 
mediates  (11,  12)  disposes  sur  les  cotes  supe- 
rieur  et  inferieur  dudit  couple  de  cylindre  de 

o  travail  (2,  3)  en  contact  avec  ces  derniers  sont 
deplagables  suivant  les  directions  axiales,  confor- 
mement  a  la  largeur  de  la  feuille  laminee  (1), 
chacun  possedant  la  partie  d'extremite  de  diame- 
tre  reduit  a  une  extremite,  que  des  cylindres 

is  presseurs  (15,  16)  sont  disposes  sur  le  cote 
superieur  et  le  cote  inferieur  des  cylindres  inter- 
mediates  (11,  12)  en  contact  avec  ces  derniers  et 
que  les  moyens  de  flexion  (9,  10)  exercent  une 
action  de  flexion  sur  les  cylindres  de  travail  (2,  3). 

20  5.  Laminoir  selon  I'une  des  revendications  1  a  3, 
caracterise  en  ce  qu'un  couple  de  cylindres  pres- 
seurs  (15,  16)  disposes  sur  le  cote  superieur  et  sur 
le  cote  inferieur  des  cylindres  de  travail  (2,  3)  sont 
deplagables  suivant  la  direction  axiale  conforme- 

25  ment  a  la  largeur  de  la  feuille  laminee  (1),  que 
chacun  desdits  cylindres  presseurs  comporte  une 
partie  d'extremite  axiale  de  diametre  graduelle- 
ment  reduit  et  qu'il  est  prevu  des  moyens  (9,  10) 
servant  a  soumettre  a  une  flexion  lesdits  cylindres 

30  de  travail  (2,  3). 
6.  Laminoir  selon  I'une  des  revendications  1  a  5, 

caracterise  en  ce  que  la  partie  d'extremite  des 
cylindres  deplagables  (11,  12)  possede  une  plura- 
lity  de  profils  courbes  dont  chacun  possede  un 

35  rayon  de  courbure  superieur  a  200  mm. 
7.  Laminoir  selon  I'une  des  revendications  1  a  5, 

caracterise  en  ce  que  le  profil  de  la  partie  d'extre- 
mite  du  cylindre  deplagable  (11,  12)  est  une 
combinaison  d'une  partie  a  profil  courbe  com- 

40  mengant  au  niveau  de  la  ligne  de  depart  S  avec  un 
rayon  de  courbure  superieur  a  200  mm  et  une 
partie  a  profil  retreci. 
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