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Device  for  measuring  the  flatness  of  rolled  strip. 

©  A  flatness  measuring  device  for  rolled  strip  (5) 
according  to  the  invention  comprises  a  measuring 
roller  over  which  the  rolled  strip  passes.  The  mea- 
suring  roller  is  divided  into  a  number  of  roller  sec- 
tions  (6).  The  forces  on  the  roller  sections  are  mea- 
sured  and  can  be  converted,  via  recalculations,  into 
a  measure  of  the  flatness  of  the  strip,  whereby  a 
flatness  profile  across  the  strip  can  be  obtained. 

^   Special  to  the  invention  is  the  design  of  the  measur- 
rfing  device.  Between  each  roller  section  (6)  there  is 

one  side  member  (ABC)  which  supports  the  shaft 
Sends   (7)  of  two  adjacently  positioned  roller  sections. 
If)  Each  side  member  in  principle  consists  of  three 

^,  beams  (A,  B,  C)  connected  together  in  the  form  of  a 
2   triangle.  The  beam  A  for  all  the  side  members  is 
PO  attached  to  a  common  plate  (1).  First  ends  of  the 

^   beams  A  and  B  are  connected  together  via  a  flexible 
diaphragm  (2).  At  the  second  end  of  the  beam  B  the 

P-  shafts  are  journalled.  The  beam  C  which  connects 

FIG  A  

111 the  second  ends  of  beams  A  and  B  and  consist  of  a 
force  transducer  (Figure  4). 
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Device  for  measuring  the  flatness  of  rolled  strip 

the  line  between  the  centre  of  rotation  of  the  looper 
and  the  centre  of  the  roller  constant  and  equal  for 
all  the  loopers.  On  the  other  hand,  the  rolling  is 
speed  controlled.  As  the  strip  passes  through  a  mill 

5  stand,  the  speed  of  the  strip  increases.  For  this 
reason,  there  is  also  a  superordinate  control  which 
adjusts  the  speed  for  the  rolls  of  each  mill  stand  so 
that  the  angle  of  the  loopers  can  be  kept  constant. 

The  roller  of  the  looper  is  used  as  a  measuring 
w  roller  and  is  therefore  divided  into  a  number  of  sub- 

rollers  which  may  be  loaded  with  a  force  which  can 
be  varied  within  quite  large  limits  depending  on  the 
winding  angle  of  the  strip,  the  desired  accuracy  of 
the  flatness  profile,  the  strip  thickness  in  question, 

75  the  temperature,  the  material  composition,  etc.  A 
total  force  on  the  measuring  roller  of  30-50  kN  and 
more  may  very  well  exist. 

There  are  several  factors  which  may  lead  to 
the  flatness  of  the  strip  not  being  as  desired.  There 

20  are  also  some  different  methods  to  influence  the 
strip  flatness  so  as  to  attain  the  desired  flatness.  To 
be  able  to  perform  some  form  of  control  of  the  strip 
flatness,  it  is  necessary  in  some  way  to  determine 
the  flatness  of  the  strip  or  the  strip  profile  across 

25  the  strip. 
One  of  the  main  requirements  on  a  good  strip 

mill  is  that  the  coiled  strip  shows  a  good  flatness. 
To  achieve  this,  considerable  knowledge  of  the 
process  is  normally  required.  A  flat,  coiled  strip 

30  need  not  always  mean  that  the  strip  as  it  leaves  the 
last  mill  stand  shall  have  a  straight  flatness  profile. 
As  a  matter  of  fact,  in  order  to  obtain  a  flat  strip 
during  the  coiling,  the  optimum  profile  of  the  strip 
as  it  leaves  the  last  mill  stand  is  dependent  on  the 

35  coiling  process  of  the  strip,  etc. 
The  profile  that  the  strip  has  when  it  arrives  at 

the  last  mill  stand  it  substantially  dependent  on  the 
original  flat  ness  of  the  strip  and  on  the  mutual 
parallelism  and  curvature  of  the  rollers  mounted  in 

40  the  mill  stand.  If  these  rollers  are  not  correctly 
adjusted,  the  strip  may  exhibit  buckles  as  a  result 
of  the  strips  becoming  -  according  to  the  technical 
terminology  -  "long  edge"  or  "long  middle".  Thus, 
the  strip  may  have  a  tendency  to  become  longer  at 

45  the  edges  or  at  the  centre  of  the  strip. 
As  stated  above,  the  rolling  of  the  strip  may 

entail  problems  in  obtaining  the  desired  properties 
of  the  end  product.  If  the  current  strip  flatness  is 
available,  for  example,  between  the  last  two  miil 

so  stands,  it  will  be  possible  to  influence  the  flatness 
by  adjusting  the  rollers  mounted  in  the  mill  stands. 
The  desire  to  have  knowledge  of  the  strip  profile  at 
or  near  the  last  mill  stands  in  a  strip  mill  has 
existed  for  a  long  time  and  various  methods  and 
means  have  been  developed  -  with  more  or  less 

The  invention  relates  to  a  device  for  measuring 
the  flatness  of  rolled  strip  according  to  the 
precharacterising  part  of  claim  1  . 

In  cold  rolling  of  strip  there  is  a  requirement  for 
flatness  measurement  on  the  strip  to  be  able  to 
influence  and  control  the  desired  profile.  The  same 
requirement  exists  in  connection  with  hot-rolled 
strip.  Since  th.e  process  conditions  of  cold  and  hot 
rolling  are  very  different,  it  is  difficult  directly  to 
apply  the  same  measuring  apparatus. 

In  cold  rolling  of  strip,  for  example,  the  strip 
temperature  normally  amounts  to  150-200°  C  at  the 
most,  whereas  the  strip  temperature  in  hot  rolling 
normally  lies  between  800  and  1000°  C.  The  ten- 
sion  in  the  rolled  strip  is  also  considerably  higher  in 
cold  rolling  than  in  hot  rolling. 

Flatness  measuring  devices,  or  shapemeters, 
for  strip  are  described  in  several  patent  specifica- 
tions,  for  example  in  SE-B-305  966  and  SE-B-388 
481  .  The  measuring  device  described  in  these  doc- 
uments  comprises  a  measuring  roller  divided  into  a 
number  of  measuring  zones  or  sub-rollers  with 
transducers  which  give  the  current  force  distribu- 
tion  in  the  width  of  the  strip  as  the  strip  passes 
through  the  measuring  roller.  The  stress  distribu- 
tion  thus  obtained  is  an  indirect  measure  of  the 
strip  flatness  which  can  thus  be  obtained  by  means 
of  recalculations  taking  into  account  the  properties 
of  the  material  in  question. 

The  strip  flatness  is  often  defined  as  AL/L, 
where  AL  is  the  change  in  length  due  to  unperfect 
flatness  along  a  straight  distance  L  of  the  strip  in 
its  longitudinal  direction.  According  to  Hooke's  law, 
this  can  be  related  to  A5/E,  where  A5  is  the  change 
in  strip  tension  and  E  is  the  modulus  of  elasticity  of 
the  strip  material.  The  specific  strip  tension,  in  turn, 
gives  rise  to  the  compressive  force  and  the  change 
in  compressive  force,  respectively,  that  can  be 
measured  in  each  measuring  zone. 

To  be  able  to  describe  the  invention  and  also 
to  show  the  technical  problems  in  connection  with 
rolling  of  strip  that  the  invention  is  capable  of 
solving,  by  way  of  example  a  brief  description  will 
first  be  given  of  the  most  important  parts  of  a 
finishing  mill  in  which  the  invention  may  be  used. 

Such  a  mill  normally  consists  of  up  to  six  or 
seven  mill  stands  positioned  one  after  the  other 
with  a  subsequent  cooling  distance  of  up  80-100  m 
and  a  coil  for  rolling  up  the  rolled  and  cooled  strip. 

Between  the  mill  stands,  so-called  loopers  are 
positioned  with  a  roller  over  which  the  strip  runs. 
The  looper  is  joumalled  rotatably  and  eccentrically 
in  relation  to  the  centre  of  the  roller.  The  rolling,  on 
the  one  hand,  is  controlled  with  respect  to  keeping 
the  angle  between  a  line  in  the  horizontal  plane  and 
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acterizing  part  of  claim  1  . 
Further  developments  of  the  invention  are  char- 

acterized  by  the  features  of  the  additional  claims. 
The  invention  is  an  indirect  strip  flatness  meter 

5  which  comprises  a  measuring  roller  divided  into  a 
number  of  subrollers  or  roller  sections.  The  roller 
sections  have  separate  shafts.  Between  adjoining 
roller  sections,  the  shafts  of  the  two  sections  are 
attached  to  a  common  side  member  mounted  be- 

w  tween  the  roller  sections.  The  individual  side  mem- 
bers,  in  turn,  are  mounted  on  a  common  plate 
attached  to  the  previously  mentioned  looper.  The 
force  measurement  is  preferably  performed  by 
means  of  magnetoelastic  force  transducers  at- 

75  tached  in  a  manner  special  to  the  invention. 
The  invention  comprises  the  distribution  of  side 

members  along  the  measuring  rollers,  the  embodi- 
ment  of  the  attachment  of  the  force  transducers, 
and  the  embodiment  and  attachment  of  the  shafts 

20  to  be  able  to  measure  the  different  forces  that  may 
arise  across  the  strip. 

The  attachment  of  the  force-sensing  member  is 
performed,  according  to  the  invention,  in  the  side 
members  supporting  the  roller  sections.  If  the 

25  force-sensing  member  consists  of  a  magnetoelastic 
transducer,  the  measuring  portion  may  advanta- 
geously  constitute  an  integral  part  of  the  side 
member,  that  is  to  say,  the  side  member  and  the 
transducer  can  be  manufactured  from  one  and  the 

30  same  material.  It  is  self-evident,  however,  that  sep- 
arate  complete  force  transducers  can  be  mounted 
in  the  side  members.  However,  this  requires  grind- 
ing  of  attachment  surfaces  and  other  adjustment 
work,  which  can  be  both  work-demanding  and  cost- 

35  ly. 
The  mechanical  dimensioning  of  the  side 

members  and  the  dimensioning  of  the  force  trans- 
ducers  attached  to  or  incorporated  in  the  side 
members  are  performed  on  the  basis  of  how  great 

40  a  proportion  of  the  total  force  each  side  member  is 
to  take  up,  thereby  taking  into  account  a  sufficient 
margin  for  the  spread  of  the  force  that  may  arise 
along  the  strip  width. 

By  way  of  example,  the  invention  will  now  be 
45  described  in  greater  detail  with  reference  to  the 

accompanying  drawings  showing  in 
Figures  1,  2  and  3,  in  broad  outline,  various 

embodiments  of  a  fundamental  construction  of  a 
side  member  for  supporting  roller  sections  in  a 

50  flatness  metering  device  according  to  the  invention, 
Figure  4  a  preferred  embodiment  of  a  side 

member  with  force-sensing  members  and  the  asso- 
ciated  saddle,  and  further  a  roller  section,  a  moving 
strip,  and  a  looper, 

55  Figure  5  how  the  shafts  of  the  roller  sections 
can  be  formed  to  allow  a  certain  individual  mobility 
of  the  roller  sections,  as  to  be  able  to  take  up 

satisfactory  results. 
A  rough  estimate  of  the  unflatness  of  cold- 

rolled  or  hotrolled  strip  is  described  in  US-A- 
4,512,170.  Here  the  measuring  roller  is  not  divided 
into  measuring  zones,  but  it  is  stated  that  with 
knowledge  of  the  current  forces,  the  deflection  or 
bending  moment  on  the  shaft  of  the  measuring 
roller  in  the  vicinity  of  its  ends,  and  by  comparison 
with  theoretically  predicted  values  of  unfiatness  for 
these  parameters,  a  measure  of  the  current  strip 
profile  can  be  obtained.  The  accuracy  of  such  a 
method  cannot,  with  all  necessity,  be  particularly 
great. 

US-A-4,1  16,029  disclosed  a  measuring  roller 
for  measuring  the  flatness  of  rolled  strip,  the  mea- 
suring  roller  being  divided  into  a  number  of  mea- 
suring  zones,  each  having  a  roller  section  sup- 
ported  by  two  side  members.  By  measuring  the 
force  to  which  each  side  member  is  subjected,  a 
measure  of  the  flatness  of  the  strip  can  be  ob- 
tained.  Figure  3  of  said  patent  shows  an  embodi- 
ment  which  may  be  of  certain  interest  for  the 
present  invention  to  show  the  prior  art.  In  this 
embodiment  the  measuring  element  is  mounted  on 
an  arm  which  is  hinged  to  the  side  members  and  is 
movable  in  three  hinges.  In  such  a  design,  there 
must  be  a  considerable  risk  of  play  and  friction  in 
the  hinges.  This  in  turn  leads  to  poor  positional 
tolerance  of  the  rollers  and  to  hysteresis  of  the 
transducer  signals.  Since  each  roller  section,  as 
well  as  other  known  measuring  rollers  divided  into 
roller  sections,  have  two  side  members,  the  gap 
which  occurs  between  the  rollers  may  become 
quite  significant,  which  may  lead  to  a  risk  of  mark- 
ing  of  the  strip.  There  is  also  a  considerable  risk  of 
the  gap  being  filled  with  oxide  scales  from  the  strip 
which  may  give  rise  to  uncontrolled  coupling  be- 
tween  adjacent  measuring  rollers. 

An  extensive  description  of  known  principles 
for  flatness  measurement  is  given  in  and  article 
entitled  "New  developments  improve  hot  strip 
shape:  Shapemeter-Looper  and  Shape  Actimeter" 
published  in  "Iron  and  Steel  Engineer",  August 
1986,  pages  48-56.  Figure  9  of  this  article  is  a 
reproduction  of  the  embodiment  described  above. 

As  belonging  to  the  state  of  the  art,  however 
without  relevance  to  the  invention,  can  also  be 
mentioned  equipment  for  non-contact  determination 
of  the  flatness  of  a  strip  with  the  aid  of  optical 
systems  and  also  with  the  aid  of  acoustic  waves. 

The  invention  aims  at  developing  a  device  for 
measuring  the  flatness  of  rolled  strip  which  can  be 
used  for  both  hot-rolled  and  cold-rolled  strip  of 
both  metallic  and  non-metallic  materials. 

To  achieve  this  aim  the  invention  suggests  a 
device  for  measuring  the  flatness  of  rolled  strip 
according  to  the  intro  ductory  part  of  claim  1, 
which  is  characterized  by  the  features  of  the  char- 
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certain  temperature  differences  between  roller  sec- 
tions  and  other  parts  of  the  flatness  metering  de- 
vice, 

Figure  6  how  a  saddle  can  be  formed  to  be 
able  to  provide  individual  attachment  of  each  shaft 
end, 

Figure  7  a  perspective  view  of  a  complete 
measuring  roller  consisting  of  seven  roller  sections 
mounted  on  a  looper. 

Figures  1-3  show  three  alternative  designs  of 
side  members  according  to  the  invention.  All  are 
based  on  the  same  prin  ciple  involving  a  circular 
force  transmission,  around  a  moment  arm  centre, 
from  the  force  of  the  strip  on  the  shaft  of  the  roller 
section  to  the  force  transducer. 

The  side  member  according  to  Figure  1  largely 
comprises  three  beams  fixed  together  in  the  form 
of  a  triangle.  By  means  of  a  beam  A  the  side 
member  is  fixed  to  a  plate  1  which  is  then  mounted 
on  a  tilting  table  or  looper  3.  At  the  first  end  of  the 
beam  A,  via  a  weakening  in  the  form  of  a  dia- 
phragm  2,  the  first  end  of  the  beam  B  is  attached. 
The  force  F  from  the  strip  via  the  centre  of  the 
shaft  of  the  roller  section  is  applied  to  the  second 
end  of  the  beam  B,  whereby  a  bending  moment  is 
obtained  around  the  diaphragm  2  which  is  equal  to 
the  product  of  the  force  F  and  the  length  of  the 
beam  B  between  the  diaphragm  and  the  point  of 
application  of  the  force. 

The  third  beam  C  of  the  side  member  consists 
of  force  transducers  connecting  the  second  ends  of 
the  beams  A  and  B.  If  the  active  length  of  the 
moment  arm  of  the  beam  B  is  equal  to  the  dis- 
tance  from  the  diaphragm  2  to  the  point  of  applica- 
tion  of  the  force  transducer,  the  force  sensed  by' 
the  force  transducer  will  be  a  result  of  the  forces 
acting  on  the  two  roller  sections  located  on  each 
side  of  the  side  member,  except  for  the  marginal 
part  which  is  shunted  via  the  diaphragm. 

Based  on  the  equality  of  moments,  it  is  possi- 
ble,  by  varying  the  distance  from  the  diaphragm  to 
the  point  of  application  of  the  force  transducer,  to 
obtain  a  force  on  the  transducer  which  is  greater 
than  or  smaller  than  the  force  obtained  from  the 
roller  sections. 

Another  way  of  varying  the  force  is  to  angularly 
adjust  or  turn  the  transducer  such  that  is  longitudi- 
nal  symmetry  axis  does  not  lie  perpendicular  to  the 
moment  arm  from  the  diaphragm  to  the  point  of 
application  of  the  force. 

The  three  beams  A,  B  and  C  from  Figure  1  are 
also  easily  identifiable  on  a  side  member  according 
to  Figure  2.  A  certain  moment  load  may  arise  on 
the  force  transducer  because  of  the  minimum  rota- 
tion  of  the  beam  B  around  the  diaphragm  2  which 
after  all  occurs. 

A  third  alternative  for  a  side  member  design  is 

clear  from  Figure  3.  Also  here  the  beams  A,  B  and 
C  are  identifiable.  It  goes  without  saying  that  there 
are  a  number  of  similar  side  member  designs 
which  are  also  embraced  by  the  invention.  For  all 

5  these  designs  the  general  rule  applies  that  the 
force  resultant  from  the  strip  against  each  roller 
section  should  make  an  angle  of  90°  with  the 
moment  arm  from  the  diaphragm  to  the  shaft  cen- 
tre  of  the  rollers  in  order  to  obtain  the  greatest 

w  possible  force  into  the  force  transducers.  However, 
the  angle  of  the  looper  with  the  horizontal  plane, 
which  for  one  and  the  same  strip  and  otherwise  the 
same  process  conditions  should  be  kept  constant, 
may  vary  for  optimum  rolling  when  different  strips 

75  are  to  be  rolled.  The  winding  angle  of  the  strip 
around  the  roller  sections  may  then  vary  some- 
what,  which,  in  turn,  causes  the  angle  of  the  ap- 
plication  of  the  force  in  relation  to  the  moment  arm 
to  vary  somewhat  around  the  optimum  90°  angle. 

20  To  obtain  as  accurate  a  measurement  of  the  strip 
profile  as  possible,  as  previously  indicated  the 
shafts  of  the  roller  sections  must  not  be  too  rigidly 
connected  to  each  other.  To  this  end,  the  shafts 
have  been  provided  with  diaphragms  which  enable 

25  a  certain  relative  movement  between  the  side 
members  and  which  enable  the  shafts  to  take  up 
differences  in  temperature  between  the  shafts  and 
the  common  plate  on  which  the  side  members  are 
mounted. 

30  A  special  embodiment  of  the  saddle  which 
locks  the  shafts  of  the  roller  sections  to  the  side 
members  is  also  part  of  the  invention.  In  spite  of 
the  fact  that  each  side  member  supports  and  con- 
stitutes  attachment  of  the  shaft  ends  for  two  adja- 

35  cently  positioned  roller  sections,  the  embodiment 
permits  a  practically  individual  attachment  of  the 
roller  sections. 

A  preferred  embodiment  of  a  side  member 
according  to  the  invention  is  clear  from  Figure  4. 

40  The  figure  comprises  a  looper  3  with  a  centre  of 
rotation  4.  A  moving  rolled  strip  5  passes  over  the 
looper  3  and  surrounds  parts  of  the  outer  shell  ring 
of  the  roller  section  6.  This  ring  is  axially  guided  in 
conventional  manner  and  joumalled  via  ball  bear- 

45  ings  on  the  shaft  of  the  roller  section  6.  Different 
attachments  of  the  shaft  ends  to  the  side  members 
may  be  used.  As  will  be  clear  from  the  embodi- 
ment  shown  in  Figure  4,  the  shaft  end  7  has  a 
parallel  trapezoidal  shape  with  a  corresponding 

50  opening  in  the  force-absorbing  part  8  of  the  side 
member.  To  facilitate  the  mounting  of  the  roller 
sections  6  and  lock  the  shaft  ends,  each  force- 
absorbing  side  member  is  associated  with  a  saddle 
9  which  is  also  shaped  in  a  special  manner  be- 

55  cause  one  side  member  is  to  support  and  con- 
stitute  attachment  of  the  shaft  ends  for  two  adja- 
cently  positioned  roller  sections.  The  design  of  the 
saddle  9  will  be  described  below. 



EP  0  344  583  A1 

The  second  shaft  end  is  formed  in  the  same 
way.  A  change  of  length  of  that  part  of  the  shaft 
which  lies  between  the  diaphragms  may  then  be 
taken  up  by  these  diaphragms. 

5  As  already  stated,  each  side  member  supports, 
in  addition  to  the  outer  side  members  of  the  mea- 
suring  roller,  the  shaft  ends  for  two  adjacent  shafts. 

Each  side  member  is  associated  with  a  saddle 
according  to  Figure  6.  At  each  end  the  saddle  is 

w  provided  with  a  hole  15  and  16,  respectively,  for 
screwing  the  saddle  to  the  side  member.  At  a 
certain  distance  inside  the  ends,  the  saddle  is 
divided  by  a  slit  20,  which  in  a  preferred  embodi- 
ment  is  parallel  to  the  side  surfaces  of  the  side 

75  member.  The  saddle  will  then  in  principle  consist 
of  two  detached  beams  17  and  18.  The  shaft  ends 
from  two  adjacent  roller  sections  which  are  journal- 
led  in  a  side  member  may  thus  be  individually 
attached  to  the  side  member. 

20  In  a  preferred  embodiment  the  saddle  consists 
of  an  upper  part  19  which  covers  the  remaining 
space  between  the  roller  sections  for  protection  of 
bearings,  etc.  This  part  must,  of  course,  also  in 
some  suitable  manner,  for  example  by  a  slit  par- 

25  allel  to  the  end  surface  of  the  side  member,  be 
disconnected  from  the  two  detaches  beams  17,  18. 
By  allowing  this  slit  to  terminate  immediately  inside 
the  ends  of  the  saddle,  all  parts  may  be  integrated 

.  into  one  unit. 
30  A  complete  measuring  roller  mounted  on  a 

looper  is  clear  from  Figure  7  and  may,  for  example, 
comprise  seven  roller  sections. 

By  an  embodiment  adapted  to  the  process  in 
question,  the  flatness  measuring  device  can  be 

35  adapted  for  flatness  measurement  of  hot-rolled  and 
cold-rolled  strip  of  both  metallic  and  non-metallic 
materials. 

From  Figure  4  it  is  also  clear  that  it  is  a  side 
member  design  according  to  Figure  1  that  con- 
stitutes  a  preferred  embodiment.  The  beam  A  is 
attached  to  the  plate  1,  which  is  common  to  the 
beams  A  of  all  side  members,  this  plate  in  turn 
being  mounted  on  the  looper  3.  The  resultant  force 
from  the  rolled  strip  5,  acting  on  the  shaft  centre, 
produces  a  minimum  circular  rotating  movement 
around  the  diaphragm  2  and  a  corresponding  mo- 
ment  and  force  on  the  force  transducer  C.  The 
measuring  portion  is  shown  in  this  figure  as  an  inte 
gral  part  of  the  beam  A  but  may,  as  mentioned 
above,  be  a  separate  transducer. 

At  the  attachment  to  the  side  members,  the 
shaft  ends  have  an  embodiment  which  comprises  a 
first  and  a  second  diaphragm  which  permit  a  re- 
duction  to  the  stresses  in  the  shaft  caused  by 
temperature  differences  between  roller  sections 
and  the  plate  which  is  common  to  all  side  mem- 
bers,  as  well  as  a  third  diaphragm  which  permits 
individual  deflection  of  the  side  members. 

To  explain  how  the  diaphragms  are  formed,  a 
body  in  the  form  of  a  segment  of  a  cylinder  will  be 
defined.  A  segment  of  a  cylinder  is  defined  by  two 
equal  and  parallel  circular  segments  and  that  part 
of  a  straight  cylindrical  envelope  surface  which 
connects  the  circular  arcs  of  the  circular  segments 
and  a  rectangle  having  sides  equal  to  the  chords  of 
the  circular  segments  and  the  distance  between 
the  circular  segments.  If  two  equal  cylindrical  seg- 
ments  with  parallel  rectangular  surfaces  are  cut 
away  from  a  cylinder,  what  remains  is  a  body  in 
the  form  of  central-symmetrical  chord  bar  -  here- 
after  called  chord  bar  -  with  a  height  equal  to  the 
distance  between  the  circular  segments  and  a 
width  equal  to  the  distance  between  the  chords  in 
the  same  plane. 

If,  according  to  Figure  5,  two  equal  circular 
segments  with  parallel  rectangles  are  worked  away 
parallel  to  and  near  to  a  shaft  end,  a  first  chord  bar 
is  formed.  If  the  width  of  this  bar  is  made  suffi- 
ciently  small,  a  certain  flexibility  may  be  obtained 
between  the  shaft  10  and  its  shaft  end.  The  chord 
bar  14  can  then  function  as  a  diaphragm  and 
constitutes  the  previously  mentioned  third  dia- 
phragm.  The  shaft  end  can  conveniently  be  shaped 
as  previously  described  and  as  shown  at  7  in 
Figure  4.  In  that  case,  the  chord  bar  will  have  a 
shortened  length. 

By  working  away  a  second  chord  bar  with  a 
width  somewhat  smaller  than  the  diameter  of  the 
shaft  and  with  rectangles  parallel  to  the  first  chord 
bar,  parallel  to  and  near  this  bar,  two  diaphragms 
12  and  13  are  formed  in  that  shaft  end  wall  which 
faces  the  first  chord  bar,  i.e.  one  diaphragm  on  one 
side  each  of  the  first  chord  bar.  These  two  dia- 
phragms  constitute  the  first  an  the  second  dia- 
phragms  described  above. 

40  Claims 

1.  A  flatness  measuring  device  for  rolled  strip 
(5)  with  a  measuring  roller  divided  into  a  number  of 
roller  sections  (6)  each  comprising  a  shaft  (7),  with 

45  ball  bearings  and  an  outer  shell  ring,  with  side 
members  (ABC)  supporting  the  shafts  of  the  roller 
sections,  with  a  saddle  (9)  for  each  side  member 
for  attachment  of  the  roller  sections,  with  a  plate  (1) 
to  which  all  side  members  are  attached,  and  with  a 

so  force  transducer  (C)  in  each  side  member,  char- 
acterized  in  that  the  side  members  consist  of  a 
first,  a  second  and  a  third  beam  (A,  B,  C)  con- 
nected  together  in  the  form  of  a  triangle,  that  the 
side  members  are  fixed  via  the  first  beam  (A)  to 

55  the  common  plate  (1),  that  a  first  end  of  the  second 
beam  (B)  is  fixed,  via  a  flexible  diaphragm  (2),  to  a 
first  end  of  the  first  beam  (A),  that  the  shaft  pins 
from  two  adjacent  positioned  roller  sections  (6)  are 
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attached  at  or  near  the  second  end  of  the  second 
beam  (Ef  to  take  up:  a  force  (F)  generated  by  a 
rolled  strip  oir  eaetr  roller  ssEtitrny  and  that  the  third 
beam  (Q*  which"  cormeElSEttae  second  ends  of  the 
first  beam  (A)  and:  the?  second  beam  (B)r  consists  5 
of  or  includes  the  farce  transducer. 

2.  A  flatness  measuring  device  according  to 
claim  1,  characterized:  irr  that  the  shafts  of  the 
roller  sections,  at  the  attachment  to  the  side  mem- 
bers,  are  formed  with  a.first(12)  and  a  second  (13)  ia 
diaphragm  to  reduce  the  stresses  in  the  shafts 
caused  by  temperature  differences  between  roller 
sections  and  the  plate  common  to  all  side  mem- 
bers,  and  s.  third  diaphragm  (t4)  to  permit  individ- 
ual  deflection  of  the  side  members.  75 

3.  A  flatness  measuring  device  according  to 
daim  1  or  Z,  characterized!  irr  that  that  part  of  the 
saddle  (9)  which  makes  contact  with  the  side  mem- 
bers  and  the  attachment  of  the  shafts  to  the  side 
members  is  shaped  such  that  two  detached  beams  20 
are  formed  for  individual  attachment  of  the  shafts. 

4.  A  flatness  measuring  device  according  to 
any  of  the  preceding  claims,  characterized  in  that 
the  force  transducer  is  an  integral  part  of  the  side 
member.  25 

5.  A  flatness  measuring  device  according  to 
any  of  claims  1  to  3;  characterized  in  that  the 
force  transducer  is  of  the  magnetoelastic  type  and 
consists  of  a  separate,  complete  transducer  moun- 
ted  in  the  side  member.  30 

6.  A  flatness  measuring  device  according  to 
any  of  claims  t  to  3,  characterized  in  that  the 
force  transducer  is  a  strain  gauge  attached  to  a 
beam  C  in  the  form  of  arr  integral  connection 
between  the'  second  ends  of  the  beams  A  and  B.  35 
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