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(54)  Interstand  tension  controller  for  a  continuous  rolling  mill 

(57)  An  interstand  tension  controller  for  a  continuous 
rolling  mill  having  a  plurality  of  rolling  stands  and  pro- 
vided  with  a  looper  (16)  between  the  adjacent  rolling 
stands  (12,  13)  controls  two  controlled  variables,  i.e.,  the 
interstand  tension  of  the  workpiece  (10)  and  the  looping 
angle  of  the  looper  (16),  to  adjust  the  measured  inter- 
stand  tension  (am)and  the  measured  looping  angle  (6m) 
to  desired  values  {or,  6r),  has  control  loops  that  control 

the  rotating  speed  of  the  rolls  of  the  rolling  stand  and  the 
looping  torque  or  the  looping  speed  of  the  looper  (1  6)  to 
regulate  the  interstand  tension  and  the  looping  angle, 
estimates  disturbances  acting  on  the  control  loops,  the 
variation  of  the  characteristics  of  the  controlled  system 
and  the  interference  between  the  control  loops,  and 
operates  manipulated  variables  to  offset  the  distur- 
bances. 

FIG.  3  

<  
CO 

LO 
o  

o  
Q_ 
LU 

Desired 
interstand 
tension 

Desired 
looping 
angle 

O- 

o  

Tension 
controller 

Looping 
angle 
controller 

Disturbance 
compensator 

■O- 

Tension  model 

Rolling 
stand  ASR 

Rolling 
speed 

Variation  of 
sheet  speed 

-o- Looper 
ACR  (ASR) 

Looping 
torque 

Interstand  tension 
Looping  angle 

Tension  /  looper 
system 

Disturbance 
compensator 

Looper  model -0  

Printed  by  Rank  Xerox  (UK)  Business  Services 
2.11.3/3.4 



1 EP  0  710  513  A1 2 

Description 

The  present  invention  relates  to  an  interstand  ten- 
sion  controller  for  controlling  the  interstand  tension  of  a 
workpiece  being  rolled  on  a  continuous  rolling  mill  having  s 
a  plurality  of  rolling  stands  and  provided  with  a  looper 
between  the  adjacent  rolling  stands  and,  more  specifi- 
cally,  to  an  interstand  tension  controller  suitable  for  appli- 
cation  to  a  hot  finishing  mill,  and  capable  of  satisfactorily 
carrying  out  interstand  tension  control  operation  without  10 
being  disturbed  by  interaction  between  the  tension  of  the 
workpiece  and  the  looping  angle,  having  a  simple  con- 
figuration  and  capable  of  being  easily  adjusted. 

A  hot  finishing  mill  has  rolling  stands  and  is  provided 
with  a  looper  disposed  between  the  adjacent  rolling  is 
stands  to  stabilize  the  interstand  tension  of  the  work- 
piece.  It  is  important  for  carrying  out  stable  rolling  oper- 
ation  to  stabilize  the  tension  of  the  workpiece  that  affects 
directly  the  size  and  the  shape  of  the  workpiece  by  the 
looper  and  to  suppress  the  variation  of  looping  angle.  20 
Two  manipulated  variables,  i.e.,  the  rotating  speed  of  the 
rolls  of  the  rolling  stand  and  the  looping  torque,  are  con- 
trolled  to  regulate  the  tension  of  the  workpiece  and  the 
looping  angle.  As  shown  in  Fig.  1  ,  a  most  common  inter- 
stand  tension  controller  controls  looping  angle  6  by  reg-  25 
ulating  the  rotating  speed  of  the  rolls  of  an  upper  rolling 
stand  i  or  that  of  the  rolls  of  a  lower  rolling  stand  i+1  and 
regulates  the  looping  torque  according  to  the  variation  of 
the  looping  angle  6  to  adjust  the  tension  a  to  a  desired 
value.  The  tension  control  performance  of  this  interstand  30 
tension  controller,  however,  is  not  satisfactory  because 
the  tension  is  controlled  in  an  open-loop  control  mode. 
Tension  and  looping  angle  interact  with  each  other, 
namely,  the  variation  of  tension  entails  the  variation  of 
looping  angle,  and  vice  versa.  Being  unable  to  deal  with  35 
interaction  between  the  tension  and  the  looping  angle, 
the  conventional  interstand  tension  controller  is  unable 
to  stabilize  the  looping  angle. 

A  controller  disclosed  in  Japanese  Patent  Laid-open 
No.  59-1  10410  measures  the  tension  of  the  workpiece  40 
with  a  load  cell  or  the  like  installed  in  a  looper,  regulates 
the  rotating  speed  of  the  rolls  of  the  rolling  stand,  i.e.,  a 
manipulated  variable,  to  regulate  the  tension  by  a  feed- 
back  loop,  and  regulates  the  looping  torque  or  the  loop- 
ing  speed,  i.e.,  a  manipulated  variable,  to  regulate  the  45 
looping  angle  by  another  feedback  loop. 

Another  controller  places  a  precompensator  C, 
which  generally  is  called  a  cross  controller,  before  a 
looper  characteristic  block  G  that  indicates  looper  char- 
acteristics  as  shown  in  Fig.  2  to  offset  the  interaction  so 
between  the  tension  and  the  looping  angle  by  the  syner- 
getic  effect  of  the  precompensator  C  and  the  looper  char- 
acteristic  block  G. 

Integrating  optimum  regulators  disclosed  in  Japa- 
nese  Patent  Laid-open  Nos.  59-  1  1  82  1  3  and  59-  1  1  82  1  4  55 
control  the  operating  speed  of  a  looper  driving  motor,  and 
use,  in  combination,  a  feedback  operation  for  feeding 
back  measurable  values,  i.e.,  tension,  looping  angle  and 
operating  speed  of  the  looper  driving  motor,  and  a  main 

controller  that  carries  out  integration  to  optimize  a  P-gain 
index  of  performance  and  an  l-gain  index  of  performance 
in  a  time  domain.  To  obtain  a  desired  control  response 
by  this  integrating  optimum  regulator,  an  optimum  control 
gain  must  be  determined  by  setting  a  weighting  matrix 
for  a  quadratic  evaluation  function  by  a  trial-and-error 
method.  A  previously  proposed  H-inf  inity  controller  is  an 
improvement  of  the  integrating  optimum  regulator  and 
specifies  closed-loop  response  in  a  frequency  domain  to 
facilitate  the  design. 

However,  since  the  noninteractive  interstand  tension 
controller  sets  an  inverse  model  of  a  controlled  system 
in  the  cross  controller,  the  noninteractive  interstand  ten- 
sion  controller  is  unable  to  deal  with  variations  in  the 
characteristics  of  the  controlled  system  satisfactorily  and 
is  incapable  of  offsetting  the  effect  of  a  disturbance,  such 
as  the  variation  of  the  rolling  speed. 

The  integrating  optimum  regulator  and  the  H-infinity 
control  are  difficult  to  adjust  at  the  site  because  the  inte- 
grating  optimum  regulator  and  the  H-infinity  control  need 
a  controller  having  a  complicated  configuration,  an  eval- 
uation  function  must  be  determined  and  the  parameters 
of  the  controller  must  be  designed  so  as  to  optimize  the 
evaluation  function. 

The  present  invention  has  been  made  in  view  of  the 
foregoing  problems  in  the  conventional  controller  and  it 
is  therefore  a  first  object  of  the  present  invention  to  pro- 
vide  an  interstand  tension  controller  to  be  used  in  com- 
bination  with  a  continuous  rolling  mill  having  a  plurality 
of  rolling  stands  and  provided  with  a  looper  between  the 
adjacent  rolling  stands,  for  controlling  the  interstand  ten- 
sion  of  a  workpiece  being  rolled  on  the  continuous  rolling 
mill  and  for  controlling  the  looper,  capable  of  satisfactorily 
controlling  the  interstand  tension  of  the  workpiece  and 
the  looper  without  being  influenced  by  interaction 
between  the  interstand  tension  and  the  looping  angle, 
and  having  a  simple  configuration  capable  of  being  easily 
adjusted. 

A  second  object  of  the  present  invention  is  to  provide 
an  interstand  tension  controller  for  a  continuous  rolling 
mill  having  a  plurality  of  rolling  stands  and  provided  with 
a  looper  between  the  adjacent  rolling  stands,  for  control- 
ling  the  interstand  tension  of  a  workpiece  being  rolled  on 
the  continuous  rolling  mill  and  for  controlling  the  looper, 
capable  of  enhancing  the  stability  of  the  interstand  ten- 
sion  and  the  looping  angle  without  completely  nullifying 
the  effect  of  interactions  between  the  interstand  tension 
and  the  looping  angle. 

A  third  object  of  the  present  invention  is  to  provide 
a  control  system  for  controlling  the  interstand  tension  of 
a  workpiece  being  rolled  on  a  continuous  rolling  mill,  and 
the  looper  of  the  continuous  rolling  mill,  resistant  to  dis- 
turbances  and  the  variation  of  the  characteristics  of  the 
controlled  object  in  integrating  optimum  regulation  and 
H-infinity  control  where  many  feedback  loops  are  used. 

In  a  first  aspect  of  the  present  invention,  an  inter- 
stand  tension  controller  for  a  continuous  rolling  mill  hav- 
ing  a  plurality  of  rolling  stands  and  provided  with  a  looper 
between  the  adjacent  rolling  stands  comprises: 
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a  first  feedback  loop  that  measures  or  estimates  the 
interstand  tension  of  the  workpiece,  calculates  a  rotating 
speed  command  specifying  a  desired  rotating  speed  for 
the  rolls  of  the  rolling  stand  on  the  basis  of  the  difference 
between  a  desired  interstand  tension,  and  a  measured  5 
or  estimated  working  interstand  tension,  and  corrects  the 
rotating  speed  command; 
a  second  feedback  loop  that  measures  the  looping  angle, 
calculates  a  looping  torque  command  specifying  a 
desired  looping  torque  or  a  looping  speed  command  w 
specifying  a  desired  looping  speed  on  the  basis  of  the 
difference  between  the  measured  looping  angle  and  a 
desired  looping  angle; 
a  first  disturbance  compensator  that  estimates  a  distur- 
bance  acting  on  the  first  feedback  loop  on  the  basis  of  75 
the  difference  between  an  estimated  tension  obtained  by 
applying  a  sum  of  the  rotating  speed  command  calcu- 
lated  by  the  first  feedback  loop  and  a  rotating  speed  cor- 
rection  calculated  by  the  first  disturbance  compensator 
to  a  model  that  receives  the  rotating  speed  command  20 
specifying  a  rotating  speed  for  the  rolls  of  the  rolling 
stand  and  provides  an  interstand  tension,  and  the  meas- 
ured  or  estimated  working  tension,  and  calculates  the 
rotating  speed  correction  for  the  rolls  to  offset  the  esti- 
mated  disturbance;  and  25 
a  second  disturbance  compensator  that  estimates  a  dis- 
turbance  acting  on  the  second  feedback  loop  on  the 
basis  of  the  difference  between  an  estimated  looping 
angle  obtained  by  applying  a  sum  of  the  looping  torque 
command  or  the  looping  speed  command  calculated  by  30 
the  second  feedback  loop  and  a  looping  torque  correc- 
tion  or  a  looping  speed  correction  calculated  by  the  sec- 
ond  disturbance  compensator  to  a  model  that  receives 
the  looping  torque  command  or  the  looping  speed  com- 
mand  and  provides  a  looping  angle,  and  a  measured  35 
looping  angle,  and  calculates  the  looping  torque  correc- 
tion  or  the  looping  speed  correction  to  offset  the  esti- 
mated  disturbance; 
whereby  the  rotating  speed  of  the  rolls  is  controlled  on 
the  basis  of  a  value  obtained  by  adding  the  correction  40 
calculated  by  the  first  disturbance  compensator  to  the 
rotating  speed  command  provided  by  the  first  feedback 
loop,  and  the  looping  torque  or  the  looping  speed  is  con- 
trolled  on  the  basis  of  a  value  obtained  by  adding  the 
correction  calculated  by  the  second  disturbance  com-  45 
pensator  to  the  looping  torque  command  or  looping 
speed  command  provided  by  the  second  feedback  loop. 
The  first  object  of  the  invention  can  be  achieved  by  this 
interstand  tension  controller. 

In  a  second  aspect  of  the  present  invention,  an  inter-  so 
stand  tension  controller  for  a  continuous  rolling  mill  hav- 
ing  a  plurality  of  rolling  stands  and  provided  with  a  looper 
between  the  adjacent  rolling  stands  comprises: 
a  first  feedback  loop  that  measures  or  estimates  the 
interstand  tension  of  the  workpiece,  calculates  a  rotating  55 
speed  command  specifying  a  desired  rotating  speed  for 
the  rolls  of  the  rolling  stand  on  the  basis  of  the  difference 
between  a  desired  interstand  tension,  and  a  measured 
or  estimated  working  interstand  tension,  and  corrects  the 

rotating  speed  commands; 
a  second  feedback  loop  that  measures  the  looping  angle, 
calculates  a  looping  torque  command  specifying  a 
desired  looping  torque  or  a  looping  speed  command 
specifying  a  desired  looping  speed  on  the  basis  of  the 
difference  between  the  measured  looping  angle  and  a 
desired  looping  angle; 
a  first  disturbance  compensator  that  estimates  a  distur- 
bance  acting  on  the  first  feedback  loop  on  the  basis  of 
the  difference  between  an  estimated  tension  obtained  by 
applying  a  sum  of  the  rotating  speed  command  calcu- 
lated  by  the  first  feedback  loop  and  a  rotating  speed  cor- 
rection  calculated  by  the  first  disturbance  compensator 
to  a  model  that  receives  the  rotating  speed  command 
and  provides  the  interstand  tension,  and  the  measured 
or  estimated  working  interstand  tension,  and  calculates 
the  rotating  speed  correction  to  offset  the  estimated  dis- 
turbance;  and 
a  second  disturbance  compensator  that  estimates  a  dis- 
turbance  acting  on  the  second  feedback  loop  on  the 
basis  of  the  difference  between  an  estimated  looping 
speed  obtained  by  applying  a  sum  of  the  looping  torque 
command  or  the  looping  speed  command  calculated  by 
the  second  feedback  loop  and  a  looping  torque  correc- 
tion  or  a  looping  speed  correction  calculated  by  the  sec- 
ond  disturbance  compensator  to  a  model  that  receives 
the  looping  torque  command  or  the  looping  speed  com- 
mand  and  provides  a  looping  speed,  and  a  measured 
looping  speed,  and  calculates  the  looping  torque  correc- 
tion  or  the  looping  speed  correction  to  offset  the  esti- 
mated  disturbance; 
whereby  the  rotating  speed  of  the  rolls  is  controlled  on 
the  basis  of  a  value  obtained  by  adding  the  correction 
calculated  by  the  first  disturbance  compensator  to  the 
rotating  speed  command  provided  by  the  first  feedback 
loop,  and  the  looping  torque  or  the  looping  speed  is  con- 
trolled  on  the  basis  of  a  value  obtained  by  adding  the 
correction  calculated  by  the  second  disturbance  com- 
pensator  to  the  looping  torque  command  or  the  looping 
speed  command  provided  by  the  second  feedback  loop. 
The  first  object  of  the  invention  can  be  achieved  by  this 
interstand  tension  controller. 

In  a  third  aspect  of  the  present  invention,  an  inter- 
stand  tension  controller  for  a  continuous  rolling  mill  hav- 
ing  a  plurality  of  rolling  stands  and  provided  with  a  looper 
between  the  adjacent  rolling  stands  comprises: 
a  first  feedback  loop  that  measures  or  estimates  the 
interstand  tension  of  the  workpiece,  calculates  a  rotating 
speed  command  specifying  a  desired  rotating  speed  for 
the  rolls  of  the  rolling  stand  on  the  basis  of  the  difference 
between  a  desired  interstand  tension,  and  a  measured 
or  estimated  working  interstand  tension,  and  corrects  the 
rotating  speed  command; 
a  second  feedback  loop  that  measures  the  looping  angle, 
calculates  a  looping  torque  command  or  a  looping  speed 
command  on  the  basis  of  the  difference  between  a 
measured  looping  angle  and  a  desired  looping  angle, 
and  corrects  the  looping  torque  command  or  the  looping 
speed  command; 
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a  first  disturbance  compensator  that  estimates  a  distur- 
bance  acting  on  the  first  feedback  loop  on  the  basis  of 
the  difference  between  an  estimated  tension  obtained  by 
applying  the  looping  speed  and  a  sum  of  the  rotating 
speed  command  calculated  by  the  first  feedback  loop  5 
and  a  rotating  speed  correction  calculated  by  the  first  dis- 
turbance  compensator  to  a  model  that  receives  the  rotat- 
ing  speed  command  and  the  looping  speed  and  provides 
an  interstand  tension,  and  the  measured  or  estimated 
working  interstand  tension,  and  calculates  the  rotating  j< 
speed  correction  to  offset  the  estimated  disturbance;  and 
a  second  disturbance  compensator  that  estimates  a  dis- 
turbance  acting  on  the  second  feedback  loop  on  the 
basis  of  an  estimated  looping  angle  obtained  by  applying 
a  sum  of  the  looping  torque  command  or  the  looping  u 
speed  command  calculated  by  the  second  feedback  loop 
and  a  looping  torque  correction  or  a  looping  speed  cor- 
rection  calculated  by  the  second  disturbance  compensa- 
tor  to  a  model  that  receives  the  looping  torque  command 
or  the  looping  speed  command  and  provides  a  looping  2< 
angle,  and  the  measured  looping  angle,  and  calculates 
the  looping  torque  correction  or  the  looping  speed  cor- 
rection  to  offset  the  disturbance; 
whereby  the  rotating  speed  of  the  rolls  is  controlled  on 
the  basis  of  a  value  obtained  by  adding  the  correction  2t 
calculated  by  the  first  disturbance  compensator  to  the 
rotating  speed  command  provided  by  the  first  feedback 
loop,  and  the  looping  torque  or  the  looping  speed  is  con- 
trolled  on  the  basis  of  a  value  obtained  by  adding  the 
correction  calculated  by  the  second  disturbance  com-  3< 
pensator  to  the  looping  torque  command  or  the  looping 
speed  command  provided  by  the  second  feedback  loop. 
The  second  object  of  the  invention  can  be  achieved  by 
this  interstand  tension  controller. 

In  a  fourth  aspect  of  the  present  invention,  an  inter-  3; 
stand  tension  controller  for  a  continuous  rolling  mill  hav- 
ing  a  plurality  of  rolling  stands  and  provided  with  a  looper 
between  the  adjacent  rolling  stands  comprises: 
a  first  feedback  loop  that  measures  or  estimates  the 
interstand  tension  of  the  workpiece,  and  calculates  a  4t 
rotating  speed  command  for  the  rolls  of  the  rolling  stand 
on  the  basis  of  the  difference  between  a  desired  inter- 
stand  tension  and  the  measured  or  estimated  working 
interstand  tension; 
a  second  feedback  loop  that  measures  the  looping  angle,  * 
calculates  a  looping  torque  command  or  a  looping  speed 
command  on  the  basis  of  the  difference  between  the 
measured  looping  angle  and  a  desired  looping  angle, 
and  corrects  the  looping  torque  command  or  the  looping 
speed  command;  st 
a  first  disturbance  compensator  that  estimates  a  distur- 
bance  acting  on  the  first  feedback  loop  on  the  basis  of 
the  difference  between  an  estimated  tension  obtained  by 
applying  the  looping  speed  command  and  a  sum  of  the 
rotating  speed  calculated  by  the  first  feedback  loop  and  si 
a  rotating  speed  correction  calculated  by  the  first  distur- 
bance  compensator  to  a  model  that  receives  the  rotating 
speed  command  and  the  looping  speed  and  provides  the 
interstand  tension,  and  the  measured  or  estimated  work- 

ing  interstand  tension,  and  calculates  the  rotating  speed 
correction  to  offset  the  estimated  disturbance;  and 
a  second  disturbance  compensator  that  estimates  a  dis- 
turbance  acting  on  the  second  feedback  loop  on  the 
basis  of  the  difference  between  an  estimated  looping 
speed  obtained  by  applying  a  sum  of  the  looping  torque 
command  or  the  looping  speed  command  calculated  by 
the  second  feedback  loop  and  a  looping  torque  correc- 
tion  or  a  looping  speed  correction  calculated  by  the  sec- 
ond  disturbance  compensator  to  a  model  that  receives 
the  looping  torque  command  or  the  looping  speed  com- 
mand  and  provides  a  looping  speed,  and  a  measured 
looping  speed,  and  calculates  the  looping  torque  correc- 
tion  or  the  looping  speed  correction  to  offset  the  distur- 
bance; 
whereby  the  rotating  speed  of  the  rolls  of  the  rolling  stand 
is  controlled  on  the  basis  of  a  value  obtained  by  adding 
the  correction  calculated  by  the  first  disturbance  com- 
pensator  to  the  rotating  speed  command  provided  by  the 
first  feedback  loop,  and  the  looping  torque  or  the  looping 
speed  is  controlled  on  the  basis  of  a  value  obtained  by 
adding  the  correction  calculated  by  the  second  distur- 
bance  compensator  to  the  looping  torque  command  or 
the  looping  speed  command  provided  by  the  second 
feedback  loop.  The  second  object  of  the  invention  can 
be  achieved  by  this  interstand  tension  controller. 

In  a  fifth  aspect  of  the  present  invention,  an  inter- 
stand  tension  controller  for  a  continuous  rolling  mill  hav- 
ing  a  plurality  of  rolling  stands  and  provided  with  a  looper 
between  the  adjacent  rolling  stands  comprises: 
a  feedback  loop  that  calculates  a  rotating  speed  com- 
mand  specifying  a  desired  rotating  speed  of  the  rolls  of 
the  rolling  stand,  and  a  looping  torque  command  or  a 
looping  speed  command  on  the  basis  of  a  measured  or 
estimated  interstand  tension  of  the  workpiece  between 
the  rolling  stands,  the  deviation  of  the  measured  or  esti- 
mated  interstand  tension  from  a  desired  interstand  ten- 
sion,  a  measured  looping  angle,  the  deviation  of  the 
measured  looping  angle  from  a  desired  looping  angle,  a 
measured  rotating  speed  of  the  rolls  of  the  rolling  stand, 
and  a  measured  looping  speed,  and  corrects  the  rotating 
speed  of  the  rolls  of  the  rolling  stand,  and  the  looping 
torque  or  the  looping  speed; 
a  first  disturbance  compensator  that  estimates  a  distur- 
bance  acting  on  the  feedback  loop  on  the  basis  of  the 
difference  between  an  estimated  interstand  tension 
obtained  by  applying  the  sum  of  the  rotating  speed  com- 
mand  calculated  by  the  feedback  loop  and  a  rotating 
speed  correction  calculated  by  the  first  disturbance  com- 
pensator,  and  the  measured  looping  speed  to  a  model 
that  receives  the  rotating  speed  command  and  provides 
an  interstand  tension  of  the  workpiece,  and  the  meas- 
ured  or  estimated  interstand  tension,  and  calculates  the 
rotating  speed  correction  to  offset  the  disturbance;  and 
a  second  disturbance  compensator  that  estimates  a  dis- 
turbance  acting  on  the  feedback  loop  on  the  basis  of  the 
difference  between  an  estimated  looping  angle  obtained 
by  applying  the  sum  of  the  looping  torque  command  or 
the  looping  speed  command  calculated  by  the  feedback 
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loop  and  a  looping  torque  correction  calculated  by  the 
second  disturbance  compensator  and  the  measured  or 
estimated  interstand  tension  to  a  model  that  receives  the 
looping  torque  command  or  the  looping  speed  command 
and  provides  a  looping  angle,  and  the  measured  looping  5 
angle,  and  calculates  the  looping  torque  correction  or  a 
looping  speed  correction  to  offset  the  disturbance; 
whereby  the  rotating  speed  of  the  rolls  of  the  rolling  stand 
is  controlled  on  the  basis  of  the  sum  of  the  rotating  speed 
command  calculated  by  the  feedback  loop  and  the  rotat-  u 
ing  speed  correction  calculated  by  the  first  disturbance 
compensator,  and  the  looping  torque  or  the  looping 
speed  is  controlled  on  the  basis  of  the  sum  of  the  looping 
torque  command  or  the  looping  speed  command  calcu- 
lated  by  the  feedback  loop  and  the  looping  torque  cor-  u 
rection  or  the  looping  speed  correction  calculated  by  the 
second  disturbance  compensator.  The  third  object  of  the 
present  invention  can  be  achieved  by  this  interstand  ten- 
sion  controller. 

In  a  sixth  aspect  of  the  present  invention,  an  inter-  2t 
stand  tension  controller  for  a  continuous  rolling  mill  hav- 
ing  a  plurality  of  rolling  stands  and  provided  with  a  looper 
between  the  adjacent  rolling  stands  comprises: 
a  feedback  loop  that  calculates  a  rotating  speed  com- 
mand  specifying  a  desired  rotating  speed  of  the  rolls  of  21 
the  rolling  stand,  and  a  looping  torque  command  or  a 
looping  speed  command  on  the  basis  of  a  measured  or 
estimated  interstand  tension  of  the  workpiece  between 
the  rolling  stands,  the  deviation  of  the  measured  or  esti- 
mated  interstand  tension  from  a  desired  interstand  ten-  3< 
sion,  a  measured  looping  angle,  the  deviation  of  the 
measured  looping  angle  from  a  desired  looping  angle, 
the  measured  rotating  speed  of  the  rolls  of  the  rolling 
stand,  and  the  measured  looping  speed,  and  corrects  the 
rotating  speed,  and  the  looping  torque  or  the  looping  3; 
speed; 
a  first  disturbance  compensator  that  estimates  a  distur- 
bance  acting  on  the  feedback  loop  on  the  basis  of  the 
difference  between  an  estimated  interstand  tension 
obtained  by  applying  the  sum  of  the  rotating  speed  com-  4t 
mand  calculated  by  the  feedback  loop  and  a  rotating 
speed  correction  calculated  by  the  first  disturbance  com- 
pensator,  and  the  measured  looping  speed  to  a  model 
that  receives  the  rotating  speed  command  and  provides 
the  interstand  tension  of  the  workpiece  between  the  roll-  41 
ing  stands,  and  the  measured  or  estimated  interstand 
tension,  and  calculates  a  rotating  speed  correction  to  off- 
set  the  estimated  disturbance;  and 
a  second  disturbance  compensator  that  estimates  a  dis- 
turbance  acting  on  the  feedback  loop  on  the  basis  of  the  st 
difference  between  an  estimated  looping  speed  obtained 
by  applying  the  sum  of  the  looping  torque  command  or 
the  looping  speed  command  calculated  by  the  feedback 
loop  and  a  looping  speed  correction  calculated  by  the 
second  disturbance  compensator,  and  the  measured  or  st 
estimated  interstand  tension  to  a  model  that  receives  the 
looping  torque  command  or  the  looping  speed  command 
and  provides  a  looping  speed,  and  the  measured  looping 
speed,  and  calculates  the  looping  speed  correction  to 

offset  the  disturbance; 
whereby  the  rotating  speed  is  controlled  on  the  basis  of 
the  sum  of  the  rotating  speed  command  calculated  by 
the  feedback  loop  and  the  rotating  speed  correction  cal- 
culated  by  the  first  disturbance  compensator,  and  the 
looping  torque  or  the  looping  speed  is  controlled  on  the 
basis  of  the  sum  of  the  looping  torque  command  or  the 
looping  speed  command  calculated  by  the  feedback  loop 
and  the  looping  torque  correction  or  the  looping  speed 
correction  calculated  by  the  second  disturbance  com- 
pensator.  The  third  object  of  the  present  invention  can 
be  achieved  by  this  interstand  tension  controller. 

In  a  seventh  aspect  of  the  invention,  a  method  of 
controlling  the  interstand  tension  of  a  workpiece  being 
rolled  on  a  continuous  rolling  mill  having  a  plurality  of  roll- 
ing  stands  and  provided  with  a  looper  between  the  adja- 
cent  rolling  stands  by  regulating  the  rotating  speed  of  the 
rolls  of  the  rolling  stand  so  that  the  interstand  tension  of 
the  workpiece  coincides  with  a  desired  interstand  ten- 
sion  and  controlling  the  looping  angle  by  regulating  the 
looping  torque  or  the  looping  speed  of  the  looper  so  that 
the  looping  angle  coincides  with  a  desired  looping  angle 
comprises  the  steps  of: 
estimating  a  disturbance  acting  on  a  first  controlled  sys- 
tem,  in  which  the  rotating  speed  of  the  rolls  is  a  manip- 
ulated  variable  and  the  interstand  tension  is  a  controlled 
variable,  on  the  basis  of  the  difference  between  an  esti- 
mated  interstand  tension  obtained  by  applying  a  rotating 
speed  command  to  a  model  that  receives  the  rotating 
speed  command  and  provides  an  interstand  tension,  and 
a  measured  or  estimated  working  interstand  tension; 
calculating  a  rotating  speed  command  to  offset  the  esti- 
mated  disturbance; 
regulating  the  rotating  speed  according  to  the  calculated 
rotating  speed  command; 
estimating  a  disturbance  acting  on  a  second  controlled 
system,  in  which  the  looping  torque  or  the  looping  speed 
is  a  manipulated  variable  and  looping  angle  is  a  control- 
led  variable,  on  the  basis  of  the  difference  between  an 
estimated  looping  angle  obtained  by  applying  a  looping 
torque  command  or  a  looping  speed  command  to  a 
model  that  receives  the  looping  torque  command  or  the 
looping  speed  command  and  provides  a  looping  angle, 
and  a  measured  looping  angle; 
calculating  a  looping  torque  command  or  a  looping 
speed  command  to  offset  the  estimated  disturbance;  and 
regulating  the  looping  torque  or  the  looping  speed 
according  to  the  calculated  looping  torque  command  or 
the  calculated  looping  speed  command.  The  first  object 
of  the  invention  can  be  achieved  by  this  method  of  con- 
trolling  the  interstand  tension. 

In  an  eighth  aspect  of  the  present  invention,  a 
method  of  controlling  the  interstand  tension  of  a  work- 
piece  being  rolled  on  a  continuous  rolling  mill  having  a 
plurality  of  rolling  stands  and  provided  with  a  looper 
between  the  adjacent  rolling  stands  by  regulating  the 
rotating  speed  of  the  rolls  of  the  rolling  stand  so  that  the 
interstand  tension  of  the  workpiece  coincide  with  a 
desired  interstand  tension  and  controlling  the  looping 
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angle  by  regulating  the  looping  torque  or  the  looping 
speed  of  the  looper  so  that  the  looping  angle  coincides 
with  a  desired  looping  angle  comprises  the  steps  of: 
estimating  a  disturbance  acting  on  a  first  controlled  sys- 
tem,  in  which  the  rotating  speed  of  the  rolls  is  a  manip-  5 
ulated  variable  and  the  interstand  tension  is  a  controlled 
variable,  on  the  basis  of  the  difference  between  an  esti- 
mated  interstand  tension  obtained  by  applying  a  rotating 
speed  command  to  a  model  that  receives  a  rotating 
speed  command  and  provides  an  interstand  tension,  and  u 
a  measured  or  estimated  working  interstand  tension; 
calculating  a  rotating  speed  command  to  offset  the  dis- 
turbance; 
regulating  the  rotating  speed  of  the  rolls  according  to  the 
calculated  rotating  speed  command;  u 
estimating  a  disturbance  acting  on  a  second  controlled 
system,  in  which  the  looping  torque  or  the  looping  speed 
is  a  manipulated  variable  and  the  looping  angle  is  a  con- 
trolled  variable,  on  the  basis  of  the  difference  between 
an  estimated  looping  speed  obtained  by  applying  a  loop-  2t 
ing  torque  command  or  a  looping  speed  command  to  a 
model  that  receives  the  looping  torque  command  or  the 
looping  speed  command  and  provides  a  looping  speed, 
and  a  measured  looping  speed; 
calculating  a  looping  torque  command  or  a  looping  2t 
speed  command  to  offset  the  disturbance;  and 
regulating  the  looping  torque  or  the  looping  speed 
according  to  the  calculated  looping  torque  command  or 
the  calculated  looping  speed  command.  The  first  object 
of  the  invention  can  be  achieved  by  this  method  of  con-  3< 
trolling  the  interstand  tension. 

In  a  ninth  aspect  of  the  present  invention,  a  method 
of  controlling  the  interstand  tension  of  a  workpiece  being 
rolled  on  a  continuous  rolling  mill  having  a  plurality  of  roll- 
ing  stands  and  provided  with  a  looper  between  the  adja-  3; 
cent  rolling  stands  by  regulating  the  rotating  speed  of  the 
rolls  of  the  rolling  stand  so  that  the  interstand  tension  of 
the  workpiece  coincides  with  a  desired  interstand  ten- 
sion  and  controlling  the  looping  angle  by  regulating  the 
looping  torque  or  the  looping  speed  of  the  looper  so  that  4t 
the  looping  angle  coincides  with  a  looping  angle  com- 
prises  the  steps  of: 
estimating  a  disturbance  acting  on  a  first  controlled  sys- 
tem,  in  which  the  rotating  speed  of  the  rolls  is  a  manip- 
ulated  variable  and  the  interstand  tension  is  a  controlled  * 
variable,  on  the  basis  of  the  difference  between  an  esti- 
mated  interstand  tension  obtained  by  applying  a  rotating 
speed  command  and  a  looping  speed  to  a  model  that 
receives  the  rotating  speed  command  and  the  looping 
speed  and  provides  an  interstand  tension,  and  a  meas-  st 
ured  or  estimated  working  interstand  tension; 
calculating  a  rotating  speed  command  to  offset  the  dis- 
turbance; 
regulating  the  rotating  speed  according  to  the  calculated 
rotating  speed  command;  si 
estimating  a  disturbance  acting  on  a  second  controlled 
system,  in  which  the  looping  torque  or  the  looping  speed 
is  a  manipulated  variable  and  the  looping  angle  is  a  con- 
trolled  variable,  on  the  basis  of  the  difference  between 

an  estimated  looping  angle  obtained  by  applying  a  loop- 
ing  torque  command  or  a  looping  speed  command  to  a 
model  that  receives  the  looping  torque  command  or  the 
looping  speed  command  and  provides  a  looping  angle, 
and  a  measured  looping  angle; 
calculating  a  looping  torque  command  or  a  looping 
speed  command  to  offset  the  disturbance;  and 
regulating  the  looping  torque  or  the  looping  speed 
according  to  the  calculated  looping  torque  command  or 
the  calculated  looping  speed  command.  The  second 
object  of  the  invention  can  be  achieved  by  this  method 
of  controlling  the  interstand  tension. 

In  a  tenth  aspect  of  the  present  invention,  a  method 
of  controlling  the  interstand  tension  of  a  workpiece  being 
rolled  on  a  continuous  rolling  mill  having  a  plurality  of  roll- 
ing  stands  and  provided  with  a  looper  between  the  adja- 
cent  rolling  stands  by  regulating  the  rotating  speed  of  the 
rolls  of  the  rolling  stand  so  that  the  interstand  tension  of 
the  workpiece  coincides  with  a  desired  interstand  ten- 
sion  and  controlling  the  looping  angle  by  regulating  the 
looping  torque  or  the  looping  speed  of  the  looper  so  that 
the  looping  angle  coincides  with  a  desired  looping  angle 
comprises  the  steps  of: 
estimating  a  disturbance  acting  on  a  first  controlled  sys- 
tem,  in  which  the  rotating  speed  of  the  rolls  is  a  manip- 
ulated  variable  and  the  interstand  tension  is  a  controlled 
variable,  on  the  basis  of  the  difference  between  an  esti- 
mated  interstand  tension  obtained  by  applying  a  rotating 
speed  command  and  a  looping  speed  to  a  model  that 
receives  the  rotating  speed  command  and  the  looping 
speed  and  provides  an  interstand  tension,  and  a  meas- 
ured  or  estimated  working  interstand  tension  of  the  work- 
piece; 
calculating  a  rotating  speed  command  to  offset  the  dis- 
turbance; 
controlling  the  rotating  speed  of  the  rolls  according  to  the 
calculated  rotating  speed  command; 
estimating  a  disturbance  acting  on  a  second  controlled 
system,  in  which  the  looping  torque  or  the  looping  speed 
is  a  manipulated  variable  and  the  looping  angle  is  a  con- 
trolled  variable,  on  the  basis  of  the  difference  between 
an  estimated  looping  speed  obtained  by  applying  a  loop- 
ing  torque  command  or  a  looping  speed  command  to  a 
model  that  receives  the  looping  torque  command  or  the 
looping  speed  command  and  provides  a  looping  speed, 
and  a  measured  looping  speed; 
calculating  a  looping  torque  command  or  a  looping 
speed  command  to  offset  the  disturbance;  and 
regulating  the  looping  torque  or  the  looping  speed 
according  to  the  calculated  looping  torque  command  or 
the  calculated  looping  speed  command.  The  second 
object  of  the  invention  can  be  achieved  by  this  method 
of  controlling  the  interstand  tension. 

As  shown  in  Figs.  3  and  4,  each  of  the  interstand 
tension  controllers  in  the  first  to  the  fourth  aspect  of  the 
present  invention,  similarly  to  a  conventional  noninterac- 
tive  interstand  tension  controller,  comprises  the  first 
feedback  loop  that  measures  or  estimates  the  interstand 
tension  of  the  workpiece,  calculates  a  rotating  speed 
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command  specifying  a  desired  rotating  speed  of  the  rolls 
of  the  roll  stand  on  the  basis  of  the  difference  between  a 
desired  interstand  tension  and  the  measured  or  esti- 
mated  working  interstand  tension,  and  corrects  the  rotat- 
ing  speed  of  the  rolls,  and  a  second  feedback  loop  that  5 
measures  the  looping  angle,  calculates  a  looping  torque 
command  or  a  looping  speed  command  on  the  basis  of 
the  difference  between  the  measured  looping  angle  and 
a  desired  looping  angle  and  corrects  the  looping  torque 
or  the  looping  speed.  ro 

The  interstand  tension  controllers  in  the  first  to  the 
fourth  aspect  of  the  present  invention  differ  from  the  con- 
ventional  noninteractive  interstand  tension  controller  in 
that  the  two  disturbance  compensators  estimate  a  dis- 
turbance  acting  on  the  two  feedback  loops  and  add  sig-  15 
nals  capable  of  offsetting  the  disturbance  to  the  signals 
provided  by  the  feedback  loops.  The  disturbance 
includes  an  equivalent  disturbance  such  as  the  variation 
of  the  characteristics  of  the  controlled  system  resulting 
from  the  variation  of  parameters  such  as  the  Young'  s  20 
modulus  of  the  workpiece,  in  addition  to  the  influence  of 
interaction  between  the  feedback  loops,  and  the  varia- 
tion  of  the  rolling  speed  due  to  the  variation  of  the  thick- 
ness  or  the  temperature  of  the  workpiece. 

In  the  interstand  tension  controllers  in  the  first  to  the  25 
fourth  aspect  of  the  present  invention,  interactions 
between  the  two  feedback  loops  are  compensated  by  the 
disturbance  offsetting  signals  provided  by  the  two  distur- 
bance  compensators  and  the  two  feedback  loops  can 
individually  be  designed.  Therefore,  the  interstand  ten-  30 
sion  controllers  can  easily  be  designed  and  is  highly 
resistant  to  disturbances,  such  as  the  variation  of  the  roll- 
ing  speed,  and  the  variation  of  the  characteristics  of  the 
controlled  system. 

In  the  interstand  tension  controller  in  the  fifth  and  the  35 
sixth  aspect  of  the  present  invention,  when  there  is  a 
feedback  loop  which  receives  a  plurality  of  measurable 
quantities  as  shown  in  Figs.  5  and  6,  the  two  disturbance 
compensators  estimate  the  disturbances  acting  on  the 
feedback  loop,  and  add  correction  signals  to  offset  the  40 
disturbances  to  signals  calculated  by  a  feedback  control 
system.  When  such  a  feedback  loop  that  receives  a  plu- 
rality  of  measurable  quantities  is  included,  the  interfer- 
ence  between  the  tension  and  the  looping  angle  need 
not  be  offset  by  the  corrections  provided  by  the  distur-  45 
bance  compensators  because  the  interference  between 
the  tension  and  the  looping  angle  is  controlled  by  the 
feedback  loop.  Therefore,  the  looping  speed  is  applied 
to  the  model  that  receives  the  rotating  speed  command 
and  provides  the  interstand  tension  of  the  workpiece,  so 
and  the  measured  tension  is  applied  to  the  model  that 
receives  the  looping  torque  command  or  the  looping 
speed  command  and  provides  the  looping  speed  so  that 
the  disturbance  compensators  will  not  provide  any  cor- 
rections  to  offset  the  interference.  Accordingly,  the  dis-  ss 
turbances,  here,  include  variation  of  the  rolling  speed 
due  to  the  variation  of  the  thickness  and  the  temperature 
of  the  workpiece,  and  the  variation  of  the  characteristics 
of  the  controlled  system  resulting  from  the  variation  of 
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parameters,  such  as  the  variation  of  the  Young's  modu- 
lus  of  the  workpiece. 

Even  if  there  is  a  feedback  loop  that  receives  a  plu- 
rality  of  measurable  quantities  as  in  the  fifth  and  the  sixth 
aspect  of  the  present  invention,  a  control  system  is  resist- 
ant  to  the  disturbances  and  the  variation  of  the  charac- 
teristics  of  the  controlled  system  by  using  the  two 
disturbance  compensators. 

The  second  disturbance  compensator  of  the  inter- 
stand  tension  controller  in  the  first  aspect  of  the  present 
invention  shown  in  Fig.  3  uses  the  estimated  looping 
angle  obtained  by  applying  the  sum  of  the  looping  torque 
command  or  the  looping  speed  command  calculated  by 
the  second  feedback  loop  and  the  correction  calculated 
by  the  second  disturbance  compensator  to  the  model 
that  receives  the  looping  torque  command  or  the  looping 
speed  command  and  provides  a  looping  angle,  and  the 
measured  looping  angle  for  estimate  the  disturbance 
acting  on  the  second  feedback  loop.  On  the  other  hand, 
the  interstand  tension  controller  in  the  second  aspect  of 
the  present  invention  shown  in  Fig.  4  uses  the  estimated 
looping  speed  and  the  measured  looping  speed  for  esti- 
mating  the  disturbance  acting  on  the  second  feedback 
loop;  that  is  the  model  of  the  looper  and  the  disturbance 
compensators  of  the  interstand  tension  controller  in  the 
first  aspect  of  the  present  invention  are  modified  by  using 
an  expression: 

6  =(1/s)co  (1) 

where  6  is  the  looping  angle  and  co  is  the  looping  speed. 
Accordingly,  although  the  interstand  tension  controllers 
in  the  first  and  the  second  aspect  of  the  present  invention 
are  the  same  in  function,  the  configuration  of  the  inter- 
stand  tension  controller  in  the  second  aspect  of  the 
present  invention  is  more  simple  than  that  of  the  inter- 
stand  tension  controller  in  the  first  aspect  of  the  present 
invention,  and  the  order  of  the  model  of  the  looper  and 
the  filter  of  the  interstand  tension  controller  in  the  second 
aspect  of  the  present  invention  is  lower  than  that  of  the 
same  of  the  interstand  tension  controller  in  the  first 
aspect  of  the  present  invention. 

The  relation  between  the  third  and  the  fourth  aspect 
of  the  present  invention  and  the  relation  between  the  fifth 
and  the  sixth  aspect  of  the  present  invention  are  the 
same  as  the  relation  between  the  first  and  the  second 
aspect  of  the  present  invention. 

In  the  first  to  the  fourth  aspect  of  the  present  inven- 
tion,  the  feedback  loop  for  controlling  the  interstand  ten- 
sion  through  the  control  of  the  rotating  speed  of  the  rolls 
of  the  rolling  stand  and  the  feedback  loop  for  controlling 
the  looping  angle  through  the  control  of  the  looping 
torque  or  the  looping  speed  are  used  for  adjusting  the 
two  controlled  variables  of  the  interstand  tension  of  the 
workpiece  and  the  looper  to  the  corresponding  desired 
values,  interactions  between  the  two  feedback  loops  are 
compensated  by  the  disturbance  compensating  signals 
provided  by  the  two  disturbance  compensators,  and  the 
two  feedback  loops  can  individually  be  designed.  There- 
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fore,  the  interstand  tension  controller  can  easily  be 
designed  and  is  highly  resistant  to  disturbances,  such  as 
the  variation  of  the  rolling  speed  and  the  variation  of  the 
characteristics  of  the  controlled  system.  Further,  even  if 
there  is  a  feedback  loop  that  receives  a  plurality  of  meas-  5 
urable  quantities  as  in  the  fifth  and  the  sixth  aspect  of  the 
present  invention,  a  control  system  is  resistant  to  the  dis- 
turbances  and  the  variation  of  the  characteristics  of  the 
controlled  system  by  using  the  two  disturbance  compen- 
sators.  Consequently,  the  workpiece  can  be  rolled  in  a  w 
satisfactory  shape  and  correct  dimensions,  and  the  roll- 
ing  operation  can  be  stabilized. 

The  methods  of  controlling  the  interstand  tension  of 
a  workpiece  being  rolled  on  a  continuous  rolling  mill  in 
the  seventh  to  the  tenth  aspect  of  the  present  invention  15 
regulate  the  rotating  speed  of  the  rolls  of  the  rolling  stand 
to  adjust  the  interstand  tension  of  the  workpiece  to  a 
desired  interstand  tension,  and  regulates  the  looping 
torque  or  the  looping  speed  to  adjust  the  looping  angle 
to  a  desired  looping  angle  as  shown  in  Figs.  7  and  8.  In  20 
this  control  operation,  a  disturbance  acting  on  the  con- 
trolled  system,  in  which  the  rotating  speed  is  a  manipu- 
lated  variable  and  the  interstand  tension  is  a  controlled 
variable,  is  estimated  on  the  basis  of  the  difference 
between  an  estimated  interstand  tension  obtained  by  25 
applying  a  rotating  speed  command  to  the  model  that 
receives  the  rotating  speed  command  and  provides  the 
interstand  tension  of  the  workpiece,  and  the  measured 
or  estimated  working  interstand  tension  of  the  work- 
piece,  a  rotating  speed  command  to  offset  the  distur-  30 
bance  is  calculated  and  the  rotating  speed  of  the  rolls  is 
regulated  according  to  the  calculated  rotating  speed 
command. 

In  the  seventh  aspect  of  the  present  invention,  as 
shown  in  Fig.  7,  a  disturbance  acting  on  the  controlled  35 
system,  in  which  the  looping  torque  or  the  looping  speed 
is  a  manipulated  variable  and  the  looping  angle  is  a  con- 
trolled  variable,  is  estimated  on  the  basis  of  the  differ- 
ence  between  an  estimated  looping  angle  obtained  by 
applying  a  looping  torque  command  or  a  looping  speed  40 
command  to  a  model  that  receives  the  looping  torque  or 
the  looping  speed  and  provides  an  interstand  tension, 
and  a  measured  looping  angle,  a  looping  torque  com- 
mand  or  a  looping  speed  command  capable  of  offsetting 
the  disturbance  is  calculated,  and  the  looping  torque  or  45 
the  looping  speed  is  regulated  according  to  the  calcu- 
lated  looping  torque  or  the  calculated  looping  speed. 

As  mentioned  above,  the  interstand  tension  and  the 
looping  angle  interact  with  each  other.  In  the  seventh  to 
the  tenth  aspect  of  the  present  invention,  the  interactive  so 
components  are  regarded  as  a  disturbance  acting  on  the 
two  control  loops,  the  disturbance  is  estimated  on  the 
basis  of  the  difference  between  the  respective  outputs  of 
the  control  loops  and  the  models  arranged  in  parallel  to 
the  controlled  systems,  respectively,  and  a  signal  capa-  55 
ble  of  offsetting  the  disturbance  is  calculated  and  used 
as  commands  for  regulating  the  manipulated  variables. 
Thus,  the  disturbance  acting  on  the  control  loops  is  offset 
and  the  control  operation  can  stably  be  carried  out.  The 

disturbance  includes  an  equivalent  disturbance,  varia- 
tions  in  the  characteristics  of  the  controlled  systems 
resulting  from  the  variation  of  parameters  such  as  the 
Young's  modulus  of  the  workpiece  in  addition  to  the  var- 
iation  of  the  rolling  speed  due  to  the  variation  of  the  thick- 
ness  or  the  temperature  of  the  workpiece.  These 
disturbances  can  be  suppressed  by  the  methods  in  the 
seventh  to  the  tenth  aspect  of  the  present  invention. 
Thus,  the  interstand  tension  controllers  in  the  seventh  to 
the  tenth  aspect  of  the  present  invention  regard  interac- 
tion  between  the  two  control  loops  as  a  disturbance,  esti- 
mate  the  same,  and  compensate  for  the  same  to  enable 
the  two  control  loops  to  be  designed  individually.  Accord- 
ingly,  the  two  feedback  loops  can  easily  be  designed,  and 
the  controller  is  highly  resistant  to  disturbances  including 
the  variation  of  the  rolling  speed,  and  the  variation  of  the 
characteristics  of  the  controlled  systems. 

In  the  eighth  aspect  of  the  present  invention,  as 
shown  in  Fig.  8,  a  disturbance  acting  on  the  controlled 
system,  in  which  the  looping  torque  or  the  looping  speed 
is  a  manipulated  variable  and  the  looping  angle  is  a  con- 
trolled  variable,  is  estimated  on  the  basis  of  the  differ- 
ence  between  an  estimated  looping  speed  obtained  by 
applying  a  looping  torque  command  or  a  looping  speed 
command  to  a  model  that  receives  the  looping  torque 
command  or  the  looping  speed  command  and  provides 
a  looping  speed,  and  a  measured  looping  speed,  a  loop- 
ing  torque  command  or  a  looping  speed  command  capa- 
ble  of  offsetting  the  disturbance  is  calculated,  and  the 
looping  torque  or  the  looping  speed  is  regulated  accord- 
ing  to  the  calculated  looping  torque  command  or  the  cal- 
culated  looping  speed  command.  In  the  eighth  aspect  of 
the  present  invention,  the  estimated  looping  speed  and 
the  measured  looping  speed  are  used  to  estimate  the 
disturbance  acting  on  the  controlled  system,  in  which  the 
looping  torque  or  the  looping  speed  is  a  manipulated  var- 
iable  and  the  looping  angle  is  a  controlled  variable;  that 
is,  the  model  of  the  looper  system  and  the  filter  in  the 
seventh  aspect  of  the  present  invention  are  modified  by 
using  expression  (1).  Accordingly,  although  the  inter- 
stand  tension  controllers  in  the  seventh  and  the  eighth 
aspect  of  the  present  invention  are  the  same  in  function, 
the  configuration  of  the  interstand  tension  controller  in 
the  eighth  aspect  of  the  present  invention  is  more  simple 
than  that  of  the  controller  in  the  seventh  aspect  of  the 
present  invention,  and  the  order  of  the  model  of  the 
looper  and  the  filter  in  the  eighth  aspect  of  the  present 
invention  is  lower  than  that  of  the  same  in  the  seventh 
aspect  of  the  present  invention,  and  hence  the  configu- 
ration  of  the  interstand  tension  controller  is  simple. 

As  is  obvious  from  Fig.  8,  the  method  in  the  eighth 
aspect  of  the  present  invention  regulates  the  looping 
speed  at  zero  to  maintain  a  looping  angle  constant  and 
does  not  use  any  desired  looping  angle.  However,  the 
desired  looping  angle  is  not  changed  actually  and  it  is 
sufficient  to  maintain  a  constant  looping  angle  in  prac- 
tice. 

According  to  the  seventh  to  the  tenth  aspect  of  the 
present  invention,  in  a  continuous  rolling  mill  having  a 
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plurality  of  rolling  stands  and  provided  with  a  looper 
between  the  adjacent  rolling  stands,  the  first  control  loop 
controls  the  interstand  tension  through  the  regulation  of 
the  rotating  speed  of  the  rolls  of  the  rolling  stand  and  the 
second  control  loop  controls  the  looping  angle  through  5 
the  regulation  of  the  looping  torque  or  the  looping  speed 
to  regulate  the  two  controlled  variables  of  the  interstand 
tension  of  the  workpiece  and  the  looper  at  corresponding 
desired  values,  interaction  between  the  two  control  loops 
is  estimated  as  a  disturbance,  and  the  manipulated  var-  w 
iables  are  regulated  so  as  to  offset  the  disturbance  to 
compensate  for  the  interaction  between  the  two  control 
loops.  Accordingly,  the  two  control  loops  can  individually 
be  designed,  the  design  of  the  control  loops  is  facilitated, 
and  the  interstand  tension  controller  is  highly  resistant  to  75 
disturbances  such  as  the  variation  of  the  rolling  speed, 
and  the  variation  of  the  characteristics  of  the  controlled 
system.  Consequently,  the  workpiece  can  be  rolled  in  a 
satisfactory  shape  and  satisfactory  dimensions  and  the 
rolling  operation  can  stably  be  carried  out.  20 

While  only  the  sum  of  the  rotating  speed  command 
calculated  by  the  first  feedback  loop  and  the  correction 
calculated  by  the  first  disturbance  compensator  is 
applied  to  the  model  that  provides  the  interstand  tension 
of  the  workpiece  in  the  first  and  the  second  aspect  of  the  25 
present  invention,  in  the  third  and  the  fourth  aspect  of 
the  present  invention,  the  looping  speed,  too,  is  applied 
to  the  model.  Further,  while  only  the  rotating  speed  com- 
mand  specifying  a  rotating  speed  of  the  rolls  of  the  rolling 
stand  is  applied  to  the  model  in  the  fifth  and  the  sixth  30 
aspect  of  the  present  invention,  in  the  seventh  and  the 
eighth  aspect  of  the  present  invention,  the  looping 
speed,  too,  is  applied  to  the  model. 

Although  the  interstand  tension  and  the  looping 
angle  interact  with  each  other  as  mentioned  above,  the  35 
looper  operates  to  absorb  variations  in  the  interstand 
tension  when  the  interstand  tension  varies.  Therefore, 
the  range  of  variation  of  the  interstand  tension  when  the 
effect  of  interactions  between  the  interstand  tension  and 
the  looping  angle  is  not  completely  removed  is  narrower  40 
than  that  when  the  effect  of  interactions  is  completely 
removed  and  the  looping  angle  varies  in  a  comparatively 
narrow  range  if  the  interstand  tension  and  the  looping 
angle  interact  properly  with  each  other.  That  is,  the  sta- 
bility  of  the  interstand  tension  and  the  operation  of  the  45 
looper  is  enhanced  by  allowing  appropriate  interaction 
between  the  interstand  tension  and  the  looping  angle 
instead  of  completely  removing  the  effect  of  interaction 
between  the  interstand  tension  and  the  looping  angle.  In 
the  third,  the  fourth,  the  seventh  and  the  eighth  aspect  so 
of  the  present  invention,  the  looping  speed  is  applied  to 
the  model  that  provides  the  interstand  tension  of  the 
workpiece  to  adjust  offsetting  the  interactions.  When  the 
effect  of  some  of  the  interactions  between  the  interstand 
tension  and  the  operation  of  the  looper  is  left  unremoved,  ss 
the  stability  of  the  interstand  tension  and  the  operation 
of  the  looper  will  further  be  enhanced. 

These  and  other  novel  features  and  advantages  of 
the  present  invention  will  become  more  apparent  form 

the  following  detailed  description  of  the  preferred  embod- 
iments. 

The  preferred  embodiments  will  be  described  with 
reference  to  the  accompanying  drawings,  wherein: 

Fig.  1  is  a  block  diagram  of  a  conventional  looper 
controller; 

Fig.  2  is  a  block  diagram  of  a  conventional  noninter- 
active  looper  controller; 

Fig.  3  is  a  block  diagram  showing  the  fundamental 
configuration  of  an  interstand  tension  controller  in  a 
first  aspect  of  the  present  invention; 

Fig.  4  is  a  block  diagram  showing  the  fundamental 
configuration  of  an  interstand  tension  controller  in  a 
second  aspect  of  the  present  invention; 

Fig.  5  is  block  diagram  showing  the  fundamental 
configuration  of  the  interstand  tension  controller  in 
the  fifth  aspect  of  the  present  invention; 

Fig.  6  is  a  block  diagram  showing  the  fundamental 
configuration  of  the  interstand  tension  controller  in 
the  sixth  aspect  of  the  present  invention; 

Fig.  7  is  block  diagram  showing  the  fundamental 
configuration  of  the  interstand  tension  controller  in 
the  seventh  aspect  of  the  present  invention; 

Fig.  8  is  a  block  diagram  showing  the  fundamental 
configuration  of  the  interstand  tension  controller  in 
the  eighth  aspect  of  the  present  invention; 

Fig.  9  is  a  block  diagram  of  an  interstand  tension 
controller  in  a  first  embodiment  according  to  the  first 
aspect  of  the  present  invention  as  applied  to  hot  roll- 
ing; 

Fig.  10  is  a  block  diagram  of  an  interstand  tension 
controller  in  a  second  embodiment  according  to  the 
first  aspect  of  the  present  invention; 

Fig.  1  1  is  a  block  diagram  of  a  model  of  a  looper  ten- 
sion  control  system  included  in  the  foregoing 
embodiments; 

Fig.  12  is  a  block  diagram  of  an  interstand  tension 
controller  in  a  third  embodiment  according  to  the 
second  aspect  of  the  present  invention  as  applied  to 
hot  rolling; 

Fig.  13  is  a  block  diagram  of  an  interstand  tension 
controller  in  a  fourth  embodiment  according  to  the 
second  aspect  of  the  present  invention; 
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Fig.  14  is  a  graph  showing  the  tension  regulating 
effect  of  a  conventional  noninteractive  interstand 
tension  controller; 

Fig.  15  is  a  graph  showing  the  looping  angle  regu-  s 
lating  effect  of  the  conventional  noninteractive  inter- 
stand  tension  controller; 

Fig.  16  is  a  graph  showing  the  tension  regulating 
effects  of  the  interstand  tension  controllers  in  the  first  to 
to  the  fourth  embodiment  of  the  present  invention; 

Fig.  17  is  a  graph  showing  the  looping  angle  regu- 
lating  effects  of  the  interstand  tension  controllers  in 
the  first  to  the  fourth  embodiment  of  the  present  ts 
invention; 

Fig.  18  is  a  block  diagram  of  an  interstand  tension 
controller  in  a  fifth  embodiment  according  to  a  third 
aspect  of  the  present  invention;  20 

Fig.  19  is  a  block  diagram  of  an  interstand  tension 
controller  in  a  sixth  embodiment  according  to  the 
third  aspect  of  the  present  invention; 

25 
Fig.  20  is  a  graph  showing  the  tension  regulating 
effects  of  the  interstand  tension  controller  in  the  fifth 
and  sixth  embodiment  of  the  present  invention; 

Fig.  21  is  a  graph  showing  the  looping  angle  regu-  30 
lating  effects  of  the  interstand  tension  controller  in 
the  fifth  and  sixth  embodiment  of  the  present  inven- 
tion; 

Fig.  22  is  a  block  diagram  of  an  interstand  tension  35 
control  system  in  a  seventh  embodiment  according 
to  a  fourth  aspect  of  the  present  invention; 

Fig.  23  is  a  block  diagram  of  an  interstand  tension 
controller  in  an  eighth  embodiment  according  to  a  40 
fifth  aspect  of  the  present  invention; 

Fig.  24  is  a  block  diagram  of  an  interstand  tension 
controller  in  a  ninth  embodiment  according  to  the 
fifth  aspect  of  the  present  invention;  45 

Fig.  25  is  a  block  diagram  of  an  interstand  tension 
controller  in  a  tenth  embodiment  according  to  a  sixth 
aspect  of  the  present  invention; 

50 
Fig.  26  is  a  block  diagram  of  an  interstand  tension 
control  system  in  an  eleventh  embodiment  accord- 
ing  to  the  sixth  aspect  of  the  present  invention; 

Fig.  27  is  a  graph  showing  the  tension  regulating  55 
effects  of  the  interstand  tension  controllers  in  the 
tenth  to  the  eleventh  embodiment  of  the  present 
invention; 

Fig.  28  is  a  graph  showing  the  looping  angle  regu- 
lating  effects  of  the  interstand  tension  controllers  in 
the  tenth  and  the  eleventh  embodiment  of  the 
present  invention; 

Fig.  29  is  a  block  diagram  of  assistance  in  explaining 
a  tension  control  system  included  in  the  interstand 
tension  controllers  in  the  first  to  the  eleventh  embod- 
iment; 

Fig.  30  is  a  block  diagram  of  assistance  in  explaining 
a  modification  of  the  tension  control  system 
explained  with  reference  to  Fig.  29; 

Fig.  31  is  a  block  diagram  of  assistance  in  explaining 
another  modification  of  the  tension  control  system 
explained  with  reference  to  Fig.  29; 

Fig.  32  is  a  block  diagram  of  an  interstand  tension 
controller  in  a  twelfth  embodiment  according  to  a 
seventh  aspect  of  the  present  invention; 

Fig.  33  is  a  block  diagram  of  an  interstand  tension 
controller  in  a  thirteenth  embodiment  according  to 
the  seventh  aspect  of  the  present  invention; 

Fig.  34  is  a  block  diagram  of  an  interstand  tension 
controller  in  a  fourteenth  embodiment  according  to 
an  eighth  aspect  of  the  present  invention  as  applied 
to  hot  rolling; 

Fig.  35  is  a  block  diagram  of  an  interstand  tension 
controller  in  a  fifteenth  embodiment  according  to  the 
eighth  aspect  of  the  present  invention; 

Fig.  36  is  a  block  diagram  of  an  interstand  tension 
controller  in  a  sixteenth  embodiment  according  to  a 
ninth  aspect  of  the  present  invention  as  applied  to 
hot  rolling; 

Fig.  37  is  a  block  diagram  of  an  interstand  tension 
controller  in  a  seventeenth  embodiment  according 
to  the  ninth  aspect  of  the  present  invention; 

Fig.  38  is  a  block  diagram  of  an  interstand  tension 
controller  in  an  eighteenth  embodiment  according  to 
a  tenth  aspect  of  the  present  invention; 

Fig.  39  is  a  block  diagram  of  assistance  in  explaining 
a  tension  control  system  included  in  the  interstand 
tension  controllers  in  the  twelfth  to  the  eighteenth 
embodiment  according  to  the  present  invention; 

Fig.  40  is  a  block  diagram  of  assistance  in  explaining 
a  modification  of  the  tension  control  system 
explained  with  reference  to  Fig.  39;  and 
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Fig.  41  is  a  blockdiagram  of  assistance  in  explaining 
another  modification  of  the  tension  control  system 
explained  with  reference  to  Fig.  39. 

Preferred  embodiments  of  the  present  invention  5 
applied  to  controlling  the  interstand  tension  of  a  work- 
piece  on  a  hot  rolling  mill  and  controlling  the  looper  of 
the  hot  rolling  mill  will  be  described  hereinafter  with  ref- 
erence  to  the  accompanying  drawings,  in  which  like  or 
corresponding  parts  are  denoted  by  the  same  reference  10 
numerals  throughout. 

First  Embodiment 

Referring  to  Fig.  9  showing  an  interstand  tension  is 
controller  in  a  first  embodiment  according  to  a  first  aspect 
of  the  the  present  invention  as  applied  to  the  two  adjacent 
rolling  stands  of  a  hot  rolling  mill,  there  are  shown  a  work- 
piece  10,  and  two  adjacent  rolling  stands  12  and  13 
respectively  having  work  rolls  1  2a  and  1  2b  and  work  rolls  20 
13a  and  13b.  A  motor  20  drives  the  work  rolls  12a  and 
12b,  and  the  motor  20  is  controlled  by  a  roll  speed  con- 
troller  22  so  that  the  work  rolls  12a  and  12b  are  driven 
for  rotation  at  a  desired  rotating  speed.  The  workpiece 
1  0  traveling  from  the  left  to  the  right  in  Fig.  9  is  supported  25 
by  a  looper  16  having  a  looper  arm  16b  and  a  looper 
roller  16a  supported  for  rotation  on  the  free  end  of  the 
looper  arm  16b.  The  looper  arm  16b  has  a  base  end 
operatively  connected  to  a  motor  24.  The  motor  24  is 
controlled  by  a  looper  torque  controller  26  so  as  to  gen-  30 
erate  a  desired  torque. 

In  a  tension  control  system,  a  tension  detector  30 
receives  a  signal  representing  the  reaction  force  of  the 
workpiece  10  acting  on  the  looper  16  from  a  load  cell, 
not  shown,  installed  on  the  looper  16  and  calculates  a  35 
measured  tension  am  of  the  workpiece  10,  and  then  a 
tension  feedback  controller  32  calculates  a  rotating 
speed  command  ub  on  the  basis  of  the  difference 
between  the  measured  tension  am  and  a  desired  tension 
ar  specified  by  a  host  computer  50.  40 

A  tension  disturbance  compensator  34  internally 
provided  with  a  model  estimates  a  disturbance  acting  on 
the  tension  control  system  and  calculates  a  rotating 
speed  correction  uf  to  offset  the  disturbance.  An  adder 
36  adds  up  the  rotating  speed  command  ub  and  the  rotat-  45 
ing  speed  correction  uf  to  give  a  corrected  speed  com- 
mand  u  to  the  roll  speed  controller  22.  The  model  of  the 
tension  disturbance  compensator  34  receives  the  cor- 
rected  speed  command  u,  estimates  the  tension  of  the 
workpiece  1  0  on  the  basis  of  the  corrected  speed  com-  so 
mand  u,  regards  the  difference  between  the  estimated 
tension  and  the  measured  tension  am  given  thereto  by 
the  tension  detector  30  as  a  disturbance,  and  calculates 
the  rotating  speed  correction  uf  to  offset  the  disturbance. 

Referring  to  Fig.  9,  in  a  looper  control  system,  a  loop-  55 
ing  angle  controller  42  calculates  a  looping  torque  com- 
mand  gb  on  the  basis  of  the  difference  between  a 
measured  looping  angle  6m  measured  by  a  looping 

angle  detector  40  and  a  desired  looping  angle  6r 
received  from  the  host  computer  50. 

A  looper  disturbance  compensator  44  internally  pro- 
vided  with  a  model  estimates  a  disturbance  acting  on  the 
looper  control  system  and  calculates  a  looping  torque 
correction  gf  to  offset  the  estimated  disturbance.  An 
adder  46  adds  up  the  looping  torque  command  gb  and 
the  looping  torque  correction  gf  and  gives  a  corrected 
looping  torque  command  g  to  a  looping  torque  controller 
26.  The  looper  disturbance  compensator  44  estimates 
the  disturbance  acting  on  the  looper  1  6  on  the  basis  of 
the  difference  between  an  estimated  looping  angle 
obtained  by  applying  the  corrected  torque  command  g 
to  its  model  and  the  measured  looping  angle  6m  meas- 
ured  by  the  looping  angle  detector  40,  and  then  calcu- 
lates  the  looping  torque  correction  gf  to  offset  the 
estimated  disturbance. 

Second  Embodiment 

Although  the  looping  torque  controller  26  of  the  inter- 
stand  tension  controller  in  the  first  embodiment  controls 
the  looping  torque  to  regulate  the  looping  angle,  an  inter- 
stand  tension  controller  in  a  second  embodiment  accord- 
ing  to  the  present  invention  includes  a  looping  speed 
detector  52  for  detecting  looping  speed  and  a  looping 
speed  controller  54  forming  a  looping  speed  control  loop 
as  shown  in  Fig.  1  0.  The  respective  models  and  the  filters 
of  a  tension  disturbance  compensator  34  and  a  looper 
disturbance  compensator  44  will  be  described  in  detail. 

The  interstand  tension  of  the  workpiece  on  the  hot 
rolling  mill  and  the  characteristics  of  the  looper  of  the  hot 
rolling  mill  are  shown  in  Fig.  1  1  by  way  of  example.  In 
Fig.  11,  Kga  and  Kg6  are  influence  coefficients  indicating 
the  influence  of  interactions  between  the  interstand  ten- 
sion  and  the  looping  angle.  A  tension  model  and  a  looper 
model  are  produced  by  using  transfer  functions  of  a  low 
order  on  an  assumption  that  there  is  no  influence  of  inter- 
actions  between  the  tension  and  the  looping  angle.  The 
models  are  expressed  by  the  following  expressions. 
Tension  model: 

Ga=eKv/{(s+eKva)(1+Tvs)}  (2) 

Looper  model: 

G6  =1/{s(1+TASRs)}  (3) 

Since  interactions  between  the  controlled  systems  and 
disturbances  are  not  taken  into  consideration  in  produc- 
ing  expressions  (2)  and  (3)  representing  the  tension 
model  and  the  looper  model,  an  estimated  tension  and 
an  estimated  looping  angle  obtained  by  using  expres- 
sions  (2)  and  (3)  are  those  under  an  ideal  condition 
where  there  is  neither  disturbance  nor  interaction. 
Accordingly,  the  difference  between  an  estimated  value 
calculated  by  using  each  model  and  measured  value 
representing  the  condition  of  the  corresponding  control- 
led  system  reflects  the  effect  of  interactions  between  the 
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controlled  systems,  disturbances  acting  on  the  control- 
led  system,  and  the  difference  in  characteristics  between 
the  model  and  the  actual  controlled  system. 

In  the  tension  system,  the  difference  between  the 
output  of  the  tension  model  and  an  actual  tension  is 
expressed  by: 

Act  =(Pct  -Gcj)u+PCTd  (4) 

where  Act  is  the  difference  between  the  output  of  the  ten- 
sion  model  and  an  actual  tension,  Pct  is  the  transfer  con- 
stant  of  the  tension  system,  u  is  a  rotating  speed 
command  and  d  is  a  disturbance. 

The  characteristics  of  the  filter  Fct  is  expressed  by: 

Fct  =-1/Gct  (5) 

The  output  of  the  filter  Fct  corresponding  to  the  tension 
difference  Act  is  the  rotating  speed  correction  uf,  which 
is  expressed  by: 

uf=-d  (6) 

Since  the  rotating  speed  correction  uf  is  the  negative  of 
the  disturbance  d,  the  disturbance  can  completely  be  off- 
set  by  correcting  the  rotating  speed  command  by  the 
rotating  speed  correction  uf.  In  this  case,  however,  the 
complete  offsetting  of  the  disturbance  is  impossible  due 
to  the  significant  influence  of  noise  included  in  the  meas- 
ured  tension.  Therefore,  a  filter  having  characteristics  Fct 
expressed  by  the  following  expression  is  used. 

Fct  =-L/Gct  (7) 

where  L  is  the  characteristics  of  a  low-pass  filter  which 
determine  disturbance  suppressing  characteristics. 

Thus,  the  tension  model,  a  subtracter  that  calculates 
the  difference  Act  between  the  estimated  tension  calcu- 
lated  by  the  tension  model  and  the  measured  tension, 
and  the  filter  constitute  the  tension  disturbance  compen- 
sator  34. 

The  same  configuration  applies  to  the  looper  sys- 
tem;  a  looper  model,  a  subtracter  that  calculates  the  dif- 
ference  between  an  estimated  looping  angle  calculated 
by  the  looper  model  and  a  measured  looping  angle,  and 
a  filter  constitute  the  looper  disturbance  compensator  44. 

The  follow-up  performance  of  the  interstand  tension 
controller  to  follow  up  the  desired  tension  and  the  desired 
looping  angle  is  dependent  on  the  performance  of  the 
tension  feedback  controller  32  and  the  looping  angle 
controller  42. 

Third  Embodiment 

Referring  to  Fig.  12,  an  interstand  tension  controller 
in  a  third  embodiment  according  to  the  present  invention 
is  provided  with  a  looper  disturbance  compensator  60 
internally  provided  with  a  looper  model.  The  looper  dis- 
turbance  compensator  60  estimates  a  disturbance  act- 
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ing  on  a  looper  control  system  and  calculates  a  looping 
torque  correction  gf  to  offset  the  estimated  disturbance. 
An  adder  46  adds  up  a  looping  torque  command  gb  and 
the  looping  torque  correction  gf  and  gives  a  corrected 

5  looping  torque  command  g  to  a  looping  torque  controller 
26.  The  looper  model  of  the  looper  disturbance  compen- 
sator  60  receives  the  corrected  torque  command  g  and 
provides  an  estimated  looping  speed,  calculates  the  dif- 
ference  between  the  estimated  looping  speed  and  a 

10  measured  looping  speed,  regards  the  difference  as  a  dis- 
turbance  acting  on  the  looper  system,  and  then  calcu- 
lates  the  looping  torque  correction  gf  to  offset  the 
estimated  disturbance,  i.e.,  the  difference. 

15  Fourth  Embodiment 

The  third  embodiment  regulates  the  looping  angle 
by  controlling  the  looping  torque  by  the  looping  torque 
controller  26.  An  interstand  tension  controller  in  a  fourth 

20  embodiment  according  to  the  present  invention  shown 
in  Fig.  13  has  a  looping  speed  control  loop  including  a 
looping  speed  detector  52  for  detecting  the  looping 
speed,  and  a  looping  speed  controller  54  that  receives 
the  output  signal  of  the  looping  speed  detector  52.  From 

25  expressions  (1)  and  (3),  the  looper  model  is  expressed 
by: 

G6  (s)=1/(1+TASRs)  (8) 

30  Whereas  the  looper  model  of  the  interstand  tension  con- 
troller  in  the  second  embodiment  is  expressed  by  a  quad- 
ratic  expression,  the  looper  model  of  the  interstand 
tension  controller  in  the  fourth  embodiment  is  expressed 
by  a  linear  expression.  Since  thef  ilter  includes  the  looper 

35  model  G6  (s),  the  order  of  the  filter  is  lowered. 
Figs.  1  4  to  1  7  show  the  effects  of  the  interstand  ten- 

sion  controllers  in  the  first  to  the  fourth  embodiment  con- 
firmed  through  simulation,  in  which  a  change  in  the 
rolling  speed  resulting  from  a  1  0  |xm  change  in  draft  was 

40  applied  to  the  interstand  tension  controllers.  As  is  obvi- 
ous  from  Figs.  14  and  15  showing  the  control  perform- 
ance  of  the  conventional  noninteractive  interstand 
tension  controller,  both  the  interstand  tension  (Fig.  14) 
and  the  looping  angle  (Fig.  15)  varied  greatly  and  it  took 

45  a  comparatively  long  time  to  restore  a  steady  state.  On 
the  other  hand,  as  is  obvious  from  Figs.  1  6  and  1  7  show- 
ing  the  control  performance  of  the  interstand  tension 
controllers  of  the  present  invention,  the  interstand  ten- 
sion  controllers  of  the  present  invention  limited  the  vari- 

50  ation  of  the  interstand  tension  (Fig.  16)  and  that  of  the 
looping  angle  (Fig.  17)  to  a  very  low  degree. 

Fifth  Embodiment 

55  Referring  to  Fig.  18,  the  output  of  a  looping  speed 
detector  52  is  transferred  through  an  interaction  gain  reg- 
ulator  70  to  a  tension  disturbance  compensator  35  and 
is  applied  to  the  tension  model  of  the  tension  disturbance 
compensator  35.  Part  of  the  looping  speed  signal  to  be 
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applied  to  the  tension  disturbance  compensator  35  can 
be  adjusted  by  the  interaction  gain  regulator  70  and  is 
neither  estimated  nor  offset. 

Sixth  Embodiment 

While  the  looping  angle  is  regulated  by  controlling 
the  looping  torque  by  a  looping  torque  controller  26  in 
the  fifth  embodiment,  an  interstand  tension  controller  in 
a  sixth  embodiment  according  to  the  present  invention 
shown  in  Fig.  1  9  a  looping  speed  detector  52  detects  the 
looping  speed  and  feeds  back  the  detected  looping 
speed  to  a  looping  speed  controller  54.  The  looping 
speed  detector  52  and  the  looping  speed  controller  54 
constitute  a  looping  speed  control  loop. 

Figs.  20  and  21  shows  the  effects  of  the  interstand 
tension  controllers  in  the  fifth  and  the  sixth  embodiment 
of  the  present  invention  confirmed  through  simulation,  in 
which  a  change  in  rolling  speed  resulting  from  a  10  |xm 
change  in  draft  was  applied  to  the  interstand  tension  con- 
trollers.  As  is  obvious  from  the  comparative  observation 
of  Figs.  14  and  15  showing  the  effect  of  a  conventional 
noninteractive  interstand  tension  controller  and  Figs.  20 
and  21  showing  the  effect  of  the  interstand  tension  con- 
trollers  in  the  fifth  and  the  sixth  embodiment  of  the 
present  invention,  both  the  interstand  tension  and  the 
looping  angle  varied  greatly  when  the  interstand  tension 
was  controlled  by  the  conventional  interstand  tension 
controller,  while  the  variation  of  the  interstand  tension 
and  that  of  the  looping  angle  were  limited  to  a  very  low 
degree  when  the  interstand  tension  was  controlled  by  the 
interstand  tension  controllers  in  the  fifth  and  the  sixth 
embodiment  of  the  present  invention.  It  is  known  from 
the  comparative  observation  of  Figs.  1  6  and  1  7  showing 
the  simulated  control  performance  of  the  interstand  ten- 
sion  controllers  in  the  first  to  the  fourth  embodiment  of 
the  present  invention  and  Figs.  20  and  21  showing  the 
simulated  control  performance  of  the  interstand  tension 
controllers  in  the  fifth  and  the  sixth  embodiment  of  the 
present  invention  that  the  tension  variation  suppressing 
effect  of  the  latter  (fifth  and  sixth  embodiment)  interstand 
tension  controllers  is  slightly  higher  than  that  of  the 
former  (first  to  fourth  embodiment)  interstand  tension 
controllers,  and  the  looping  angle  variation  suppressing 
effect  of  the  latter  interstand  tension  controllers  is  slightly 
lower  than  that  of  the  former  interstand  tension  control- 
lers.  However,  the  degree  of  variation  of  the  looping 
angle  when  the  looping  angle  is  controlled  by  the  latter 
interstand  tension  controllers  is  low  enough  to  secure 
stable  travel  of  the  workpiece  and  will  not  cause  any 
practical  problems  at  all.  The  results  of  simulation  of  the 
control  operation  of  the  interstand  tension  controllers  in 
the  fifth  and  the  sixth  embodiment  that  allow  moderate 
interaction  between  the  interstand  tension  and  the  loop- 
ing  angle  proved  that  the  looper  absorbed  the  tension 
variation. 

Seventh  Embodiment 

A  seventh  embodiment  in  accordance  with  the  fourth 
aspect  of  the  present  invention,  similarly  to  the  third 

5  embodiment,  can  be  constructed  in  a  configuration 
shown  in  Fig.  22. 

Results  of  the  simulated  control  operation  of  the 
interstand  tension  controller  in  the  seventh  embodiment 
of  the  present  invention  were  entirely  the  same  as  those 

10  of  the  interstand  tension  controller  in  the  fifth  and  the 
sixth  embodiment. 

Eighth  Embodiment 

15  An  eighth  embodiment  in  accordance  with  the  fifth 
aspect  of  the  present  invention  will  be  described  in  detail. 

In  the  eighth  embodiment  shown  in  Fig.  23,  a  ten- 
sion/looper  controller  74  receives  a  measured  tension 
am  provided  by  a  tension  detector  30,  the  deviation  of 

20  the  measured  tension  am  from  a  desired  tension  ar  given 
by  a  host  computer  50,  a  measured  looping  angle  6m 
measured  by  a  looping  angle  detector  40,  the  deviation 
of  the  measured  looping  angle  6m  from  a  desired  looping 
angle  ar  given  by  the  host  computer  50,  a  measured 

25  looping  speed  com  measured  by  a  looping  speed  detector 
52  and  a  measured  rotating  speed  VRm  measured  by  a 
rotating  speed  detector  72,  and  calculates  a  looping 
torque  command  gb  and  a  rotating  speed  command  ub 
to  make  the  actual  tension  coincide  with  the  desired  ten- 

30  sion  6r  and  the  actual  looping  angle  coincide  with  the 
desired  looping  angle  6r. 

A  tension  disturbance  compensator  76  in  accord- 
ance  with  the  present  invention,  similarly  to  that 
employed  in  the  first  embodiment,  includes  a  model,  esti- 

35  mates  a  disturbance  acting  on  the  tension/looper  con- 
troller  74  on  the  basis  of  the  difference  between  an 
estimated  tension  provided  by  the  model  and  the  meas- 
ured  tension  am  measured  by  the  tension  detector  30 
and  calculates  a  rotating  speed  correction  uf  to  offset  the 

40  disturbance.  This  embodiment  differs  from  the  first 
embodiment  in  that  the  tension  disturbance  compensa- 
tor  76  need  not  offset  tension  variation  due  to  the  inter- 
ference  by  the  looper  because  the  interference  between 
the  tension  and  the  looping  angle  is  controlled  by  the  ten- 

45  sion/looper  controller  74.  The  measured  looping  speed 
com  measured  by  the  looping  speed  detector  52  is  added 
to  inputs  to  the  model  so  that  the  rotating  speed  correc- 
tion  uf  does  not  include  any  component  to  offset  tension 
variation  due  to  the  interference  by  the  looper. 

so  The  looper  disturbance  compensator  78,  similarly  to 
that  of  the  first  embodiment,  includes  a  model,  estimates 
a  disturbance  acting  on  the  tension/looper  controller  74 
on  the  basis  of  the  difference  between  the  estimated 
looping  angle  provided  by  the  model  and  the  measured 

55  tension  6m  provided  by  the  looping  angle  detector  40, 
and  calculates  a  looping  torque  correction  gf  to  offset  the 
disturbance.  This  embodiment  differs  from  the  first 
embodiment  in  that  the  looper  disturbance  compensator 
78  need  not  offset  looping  angle  variation  due  to  the 
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interference  by  the  tension  because  the  tension/looper 
controller  74  controls  the  interference  between  tension 
and  looping  angle.  The  measured  tension  am  measured 
by  the  tension  detector  30  is  added  to  inputs  to  the  model 
so  that  the  looping  torque  correction  gf  does  not  include  5 
any  component  to  offset  looping  angle  variation  due  to 
the  interference  by  the  tension. 

Ninth  Embodiment 
11 

Although  the  looping  torque  controller  26  of  the 
eighth  embodiment  controls  the  looping  angle  by  regu- 
lating  the  looping  torque,  in  a  ninth  embodiment,  a  loop- 
ing  speed  control  loop  including  a  looping  speed 
controller  54  as  shown  in  Fig.  24  may  be  employed.  The  n 
models  included  in  the  disturbance  compensators 
employed  in  the  ninth  embodiment  may  use  expressions 
(2)  and  (3)  like  the  second  embodiment. 

Tenth  and  Eleventh  Embodiments  2t 

Tenth  and  eleventh  embodiments  in  accordance 
with  the  sixth  aspect  of  the  present  invention,  similarly  to 
the  third  and  the  fourth  embodiment,  may  have  a  config- 
uration  as  shown  in  Figs.  25  and  26.  Here,  79  is  a  looper  21 
disturbance  compensator  of  these  embodiments. 

Figs.  27  and  28  are  graphs  showing  the  tension  and 
looping  angle  regulating  effects  of  the  interstand  tension 
controllers  in  the  tenth  and  eleventh  embodiment. 

The  control  performance  of  the  conventional  inter-  3t 
stand  tension  controller  provided  with  two  feedback 
loops  to  regulate  the  interstand  tension  by  controlling  the 
looping  torque  or  the  looping  speed  and  to  regulate  the 
looping  angle  by  controlling  the  rotating  speed  of  the  rolls 
of  the  rolling  stand  can  be  enhanced  by  incorporating  two  3i 
disturbance  compensators  respectively  into  the  two 
feedback  loops.  However,  since  the  interstand  tension 
and  the  looping  angle  are  controlled  indirectly  through 
the  term  of  interaction  between  tension  and  looping 
angle,  the  order  of  the  controlled  systems  and  that  of  the  « 
models  increase  and  hence  the  interstand  tension  con- 
troller  has  a  complicated  configuration,  which  is  undesir- 
able. 

In  the  interstand  tension  controllers  in  the  first  to  the 
seventh  embodiment,  the  tension  disturbance  compen-  41 
sator  34  and  the  looper  disturbance  compensator  44  or 
60  may  be  substituted  by  a  single  disturbance  compen- 
sator  provided  with  a  model  including  a  term  represent- 
ing  interaction  between  the  tension  and  the  looping 
angle.  In  such  a  case,  however,  the  output  of  the  distur-  st 
bance  compensator  does  not  include  any  component  to 
compensate  for  the  interaction.  Therefore,  the  interstand 
tension  controller  must  be  provided  with  a  part  corre- 
sponding  to  a  precompensator  in  addition  to  the  tension 
feedback  controller  32  and  the  tension  controller  42,  5i 
which  complicates  the  configuration  of  the  interstand 
tension  controller.  If  precompensation  is  omitted,  it  is 
more  effective  for  the  enhancement  of  the  control  per- 
formance  of  the  interstand  tension  controller  to  employ 

models  not  including  any  term  of  interaction,  such  as 
those  employed  in  the  foregoing  embodiments  of  the 
present  invention,  and  to  compensate  for  interactions  as 
disturbances  by  the  disturbance  compensator. 

The  foregoing  embodiments  are  provided  with  the 
tension  model  and  the  looper  model  and  determine  dis- 
turbance  compensating  signals  on  the  basis  of  the  dif- 
ference  between  the  output  of  the  tension  model  and  a 
measured  interstand  tension  and  the  difference  between 
the  output  of  the  looper  model  and  a  measured  looping 
angle  by  passing  through  the  filters,  respectively.  In  the 
tension  model,  the  filter  has  a  configuration  represented 
by  expression  (7)  including  an  inverse  model  1/Ga  as 
shown  in  Fig.  29,  and  the  difference  between  the  outputs 
of  a  plant  Pa  and  the  model  Ga  is  applied  to  the  inverse 
model  1/Ga  .  The  output  of  the  model  Pa  may  be  applied 
directly  to  the  inverse  model  Ga  as  shown  in  Fig.  30.  It 
is  also  possible  to  integrate  the  difference  between  the 
output  of  the  plant  Pa  and  that  of  the  model  Ga  to  feed 
back  a  value  obtained  by  multiplying  the  integration  by  a 
gain  K  to  the  model  Ga  and  to  use  the  feedback  signal 
as  a  disturbance  compensating  signal  as  shown  in  Fig. 
31  .  In  this  case,  the  sign  of  the  disturbance  compensat- 
ing  signal  is  inverted.  The  configurations  shown  in  Figs. 
29  to  31  may  optionally  be  modified,  provided  that  mod- 
ified  configurations  are  equivalent  to  those  shown  in 
Figs.  29  to  31  . 

Twelfth  Embodiment 

Fig.  32  shows  an  interstand  tension  controller  as 
applied  to  a  hot  rolling  mill  having  a  plurality  of  rolling 
stands  and  provided  with  a  looper  between  the  adjacent 
rolling  stands. 

In  a  tension  control  system  included  in  the  interstand 
tension  controller,  a  tension  detector  30  receives  a  signal 
representing  a  reaction  force  of  a  workpiece  1  0  acting 
on  the  looper  16  from  a  load  cell,  not  shown,  installed  in 
the  looper  1  6  and  calculates  a  measured  interstand  ten- 
sion  am  of  the  workpiece  10,  a  tension  model  82  calcu- 
lates  an  estimated  tension  op  on  the  basis  of  a  rotating 
speed  command  u  given  to  a  roll  speed  controller  22,  a 
subtracter  84  calculates  the  difference  Aa  between  the 
estimated  tension  ap  and  a  measured  interstand  tension 
am  provided  by  the  tension  detector  30,  a  subtracter  86 
subtracts  the  difference  Aa  from  a  desired  tension  ar  pro- 
vided  by  a  host  computer  50,  and  gives  a  signal  repre- 
senting  the  result  of  subtraction  to  a  filter  88,  and  the  filter 
88  calculates  a  rotating  speed  command  u  to  offset  dis- 
turbance  included  in  the  input  signal. 

In  a  looper  control  system  included  in  the  interstand 
tension  controller,  a  looping  angle  detector  40  detects 
the  looping  angle  and  provides  a  measured  looping 
angle  6m,  a  looper  model  92  estimates  an  estimated 
looping  angle  6p  on  the  basis  of  a  looping  torque  com- 
mand  g  given  to  a  looping  torque  controller  26,  a  sub- 
tracter  94  calculates  the  difference  A6  between  the 
estimated  looping  angle  6p  and  the  measured  looping 
angle  6m  provided  by  the  looping  angle  detector  40,  a 
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subtracter  96  subtracts  the  difference  A6  from  a  desired 
looping  angle  6r  provided  by  a  host  computer  50  and 
gives  a  signal  representing  the  result  of  subtraction  to  a 
filter  98,  and  the  filter  98  calculates  a  looping  torque  com- 
mand  g  necessary  for  offsetting  a  disturbance.  5 

Thirteenth  Embodiment 

The  interstand  tension  controller  regulates  the  loop- 
ing  angle  by  controlling  the  looping  torque  by  the  looping  10 
torque  controller  26.  In  an  interstand  tension  controller 
in  a  thirteenth  embodiment  according  to  the  present 
invention  shown  in  Fig.  33  is  provided  with  a  looping 
speed  control  loop  including  a  looping  speed  detector  52 
to  feed  back  a  detected  looping  speed  to  a  looping  speed  15 
controller  54.  Models  82  and  92  and  filters  88  and  98 
included  in  the  interstand  tension  controller  in  the  thir- 
teenth  embodiment  will  be  described  in  detail. 

The  characteristics  of  the  interstand  tension  of  a 
workpiece  on  a  hot  rolling  mill  and  the  looper  of  the  hot  20 
rolling  mill,  a  tension  model  (expression  (2)),  and  a 
looper  model  (expression  (3))  are  the  same  as  those  of 
the  second  embodiment.  The  difference  Aa  between  the 
output  of  the  model  82  and  a  measured  interstand  ten- 
sion  is  expressed  by  expression  (4).  The  characteristics  25 
Fa  of  the  filter  88  is  expressed  by: 

Fa  =-1/Pa  (9) 

and  the  output  u  of  the  filter  88  corresponding  to  the  dif-  30 
ference  Aa  is  expressed  by: 

u=-d  (10) 

where  d  is  a  disturbance.  Accordingly,  when  the  rotating  35 
speed  is  regulated  according  to  the  output  u  of  the  filter 
88,  the  disturbance  can  completely  be  offset.  However, 
a  transfer  function  representing  the  relation  between  a 
desired  interstand  tension  ar  and  the  interstand  tension 
is  "1,"  the  disturbance  cannot  completely  be  offset.  40 
Therefore,  the  filter  88  must  have  characteristics  Fa 
expressed  by: 

Fa=-L/Pa  (11) 
45 

where  L  is  the  characteristics  of  a  low-pass  filter  on  which 
the  disturbance  suppressing  characteristics  and  the 
response  characteristics  of  the  tension  system  are 
dependent. 

Similarly,  the  disturbance  suppressing  characteris-  so 
tics  and  the  response  characteristics  of  the  looper  sys- 
tem  can  be  determined  by  the  filter  98. 

Fourteenth  Embodiment 
55 

In  an  interstand  tension  controller  in  a  fourteenth 
embodiment  according  to  the  eighth  aspect  of  the 
present  invention  shown  in  Fig.  34,  a  looping  speed 
detector  52  detects  the  looping  speed,  a  looper  model 

110  estimates  an  estimated  looping  speed  cop  on  the 
basis  of  a  looping  torque  command  g  given  to  a  looping 
torque  controller  26,  a  subtracter  1  1  2  calculates  the  dif- 
ference  Aco  between  the  estimated  looping  speed  cop  and 
a  measured  looping  speed  com  provided  by  the  looping 
speed  detector  52  and  gives  the  same  to  a  filter  114,  and 
thef  ilter  1  1  4  calculates  a  looping  torque  command  g  nec- 
essary  for  offsetting  a  disturbance  on  the  basis  of  the 
input  signal. 

Fifteenth  Embodiment 

The  interstand  tension  controller  in  the  fourteenth 
embodiment  regulates  the  looping  angle  by  controlling 
the  looping  torque  by  the  looping  torque  controller  26. 
An  interstand  tension  controller  in  a  fifteenth  embodi- 
ment  according  to  the  present  invention  shown  in  Fig.  35 
is  provided  with  a  looping  speed  control  loop  including  a 
looping  speed  detector  52  to  feed  back  a  detected  loop- 
ing  speed  to  a  looping  speed  controller  54.  The  inter- 
stand  tension  controller  in  the  fifteenth  embodiment  is 
provided  with  a  looper  model  which  is  the  same  as  the 
looper  model  of  the  fourth  embodiment  represented  by 
expression  (8). 

The  tension  control  effects  of  the  interstand  tension 
controllers  in  the  twelfth  to  the  fifteenth  embodiment  con- 
firmed  through  simulation  were  the  same  as  those  of  the 
interstand  tension  controllers  in  the  first  to  the  fourth 
embodiment  shown  in  Figs.  16  and  17. 

Sixteenth  Embodiment 

An  interstand  tension  controller  in  a  sixteenth 
embodiment  according  to  the  ninth  aspect  of  the  present 
invention  shown  in  Fig.  36  transfers  the  output  of  a  loop- 
ing  speed  detector  52  through  an  interaction  gain  regu- 
lator  70  to  a  tension  model  82.  Part  of  the  signal 
representing  a  looping  speed  to  be  given  to  the  tension 
model  82  can  be  controlled  by  the  interaction  gain  regu- 
lator  70  and  the  same  is  not  estimated  and  not  offset  as 
a  disturbance. 

Seventeenth  Embodiment 

The  interstand  tension  controller  in  the  sixteenth 
embodiment  regulates  the  looping  angle  by  controlling 
the  looping  torque  by  the  looping  torque  controller  26. 
An  interstand  tension  controller  in  a  seventeenth  embod- 
iment  according  to  the  present  invention  shown  in  Fig. 
37  is  provided  with  a  looping  speed  control  loop  including 
a  looping  speed  detector  52  to  feed  back  a  detected  loop- 
ing  speed  to  a  looping  speed  controller  54. 

The  effects  of  the  interstand  tension  controller  in  the 
sixteenth  embodiment  confirmed  through  simulation 
were  substantially  the  same  as  those  of  the  interstand 
tension  controller  in  the  fifth  and  the  sixth  embodiment 
shown  in  Figs.  21  and  22. 
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Eighteenth  Embodiment 

Fig.  38  shows  an  interstand  tension  controller  in  a 
eighteenth  embodiment  according  to  the  tenth  aspect  of 
the  present  invention.  The  effects  of  the  interstand  ten- 
sion  controller  in  the  tenth  embodiment  confirmed 
through  simulation  were  substantially  the  same  as  those 
of  the  interstand  tension  controller  in  the  sixteenth 
embodiment. 

Although  each  of  the  foregoing  embodiments 
detects  the  interstand  tension  of  the  workpiece  by  the 
tension  detector  30,  the  interstand  tension  of  the  work- 
piece  may  be  estimated  on  the  basis  of  a  component  of 
a  detected  looping  torque  due  to  the  interstand  tension 
of  the  workpiece. 

The  control  performance  of  the  conventional  inter- 
stand  tension  controller  that  employs  a  control  loop  that 
regulates  the  interstand  tension  by  controlling  the  loop- 
ing  torque  or  the  looping  speed,  and  a  control  loop  that 
regulates  the  looping  angle  by  controlling  the  rotating 
speed  of  the  rolls  of  the  rolling  stand,  by  estimating  an 
interaction  between  the  two  control  loops  as  a  distur- 
bance  and  compensating  for  the  interaction.  However,  in 
such  a  case,  since  the  interstand  tension  and  the  looping 
angle  are  controlled  indirectly  through  the  term  of  inter- 
action  between  tension  and  looping  angle,  the  order  of 
the  controlled  systems  and  that  of  the  models  increase 
and  hence  the  interstand  tension  controller  has  a  com- 
plicated  configuration,  which  is  undesirable. 

The  interstand  tension  controllers  in  the  twelfth  to 
the  eighteenth  embodiment,  the  tension  model  82,  the 
looper  model  92  or  1  10  may  be  substituted  by  a  single 
model  capable  of  dealing  with  interaction  between  the 
interstand  tension  and  the  looping  angle.  In  such  a  case, 
since  the  outputs  of  the  filters  88,  98  and  114  do  not 
include  any  component  to  compensate  for  the  interac- 
tion,  the  interstand  tension  controller  must  be  provided 
with  a  precompensator,  so  that  the  two  loops  cannot  be 
formed  separately  and  the  configuration  is  complicated. 
If  precompensation  is  not  performed,  the  control  per- 
formance  will  be  enhanced  when  the  term  of  interaction 
is  omitted  from  the  model  and  the  interaction  is  compen- 
sated  for  as  a  disturbance. 

In  the  twelfth  to  the  eighteenth  embodiments,  the  dif- 
ference  between  the  output  of  the  tension  model  and  the 
measured  interstand  tension,  and  the  difference 
between  the  output  of  the  looper  model  and  the  meas- 
ured  looping  angle  are  passed  through  the  filters  to 
obtain  signals  for  compensating  for  the  disturbance.  The 
filter  of  the  tension  model  employs  the  inverse  model 
1/Ga  as  expressed  by  expression  (1  1);  that  is,  the  differ- 
ence  between  the  plant  model  Pa  and  the  model  Ga  is 
applied  to  the  inverse  model  1/Ga  as  shown  in  Fig.  39. 
The  output  of  the  plant  model  Pa  may  be  applied  to  the 
inverse  model  1/Ga  as  shown  in  Fig.  40.  It  is  also  possi- 
ble  to  apply  a  feedback  signal  produced  by  integrating 
the  difference  between  the  output  of  the  plant  Pa  and 
that  of  the  model  Ga  and  multiplying  the  integral  by  a 
gain  K,  and  to  use  the  feedback  signal  to  the  model  Ga 

as  shown  in  Fig.  41  .  The  configurations  shown  in  Figs. 
39  to  41  may  optionally  be  modified,  provided  that  the 
modified  configurations  are  equivalent  to  those  shown  in 
Figs.  39  to  41  . 

5  The  present  invention  is  not  limited  in  its  application 
to  the  interstand  tension  controller  for  the  hot  rolling  mill. 

It  should  be  apparent  to  those  skilled  in  the  art  that 
the  embodiments  described  herein  are  merely  illustrative 
and  represent  the  applications  of  the  principles  of  the 

10  present  invention,  and  numerous,  varied  arrangements 
other  than  those  described  herein  can  be  readily  devised 
by  those  skilled  in  the  art  without  departing  from  the 
scope  and  spirit  of  the  invention. 

15  Claims 

1  .  An  interstand  tension  controller  for  use  in  combina- 
tion  with  a  continuous  rolling  mill  having  a  plurality 
of  rolling  stands  and  provided  with  a  looper  (16) 

20  between  adjacent  rolling  stands  (12,  13),  said  inter- 
stand  tension  controller  comprising; 
a  first  feedback  loop  that  measures  or  estimates  an 
interstand  tension  (am)  of  a  workpiece  (10),  calcu- 
lates  a  rotating  speed  command  specifying  a 

25  desired  rotating  speed  for  rolls  of  the  rolling  stand 
on  the  basis  of  difference  between  a  desired  inter- 
stand  tension  (ar),  and  a  measured  or  estimated 
working  interstand  tension  (am),  and  corrects  the 
rotating  speed  command  (ub); 

30  a  second  feedback  loop  that  measures  a  looping 
angle  (6m),  calculates  a  looping  torque  command  or 
a  looping  speed  command  on  the  basis  of  difference 
between  a  measured  looping  angle  (6m)  and  a 
desired  looping  angle  (6r),  and  corrects  the  looping 

35  torque  command  or  the  looping  speed  command; 
a  first  disturbance  compensator  (34,  35)  that  esti- 
mates  a  disturbance  acting  on  the  first  feedback  loop 
on  the  basis  of  difference  between  an  estimated  ten- 
sion  obtained  by  applying  at  least  sum  of  the  rotating 

40  speed  command  (ub)  calculated  by  the  first  feed- 
back  loop  and  a  correction  (uf)  calculated  by  the  first 
disturbance  compensator  (34,  35)  to  a  model  that 
receives  at  least  the  rotating  speed  command  (u)  for 
the  rolls  of  the  rolling  stand  and  provides  an  inter- 

45  stand  tension  of  the  workpiece  (10),  and  a  measured 
or  estimated  working  tension,  and  calculates  a  rotat- 
ing  speed  correction  (uf)  to  offset  the  estimated  dis- 
turbance  acting  on  the  first  feedback  loop;  and 
a  second  disturbance  compensator  (44,  60)  that 

so  estimates  a  disturbance  acting  on  the  second  feed- 
back  loop  on  the  basis  of  difference  between  an  esti- 
mated  looper  control  variable  obtained  by  applying 
sum  of  the  looping  torque  command  (gb)  or  the  loop- 
ing  speed  command  calculated  by  the  second  feed- 

55  back  loop  and  a  correction  (gf)  calculated  by  the 
second  disturbance  compensator  (44,  60)  to  a 
model  that  receives  the  looping  torque  command 
(gb)  or  the  looping  speed  command  and  provides  a 
looper  control  variable,  and  a  measured  looper  con- 

16 
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trol  variable,  and  calculates  a  looping  torque  correc- 
tion  (gf)  or  a  looping  speed  correction  to  offset  the 
estimated  disturbance  acting  on  the  second  feed- 
back  loop; 
whereby  a  rotating  speed  of  the  rolls  is  controlled  on  5 
the  basis  of  a  value  obtained  by  adding  up  the  rotat- 
ing  speed  command  (ub)  provided  by  the  first  feed- 
back  loop  and  the  rotating  speed  correction  (uf) 
calculated  by  the  first  disturbance  compensator  (34, 
35);  and  a  looping  torque  or  a  looping  speed  is  con-  w 
trolled  on  the  basis  of  a  value  obtained  by  adding  up 
the  looping  torque  command  (gb)  or  the  looping 
speed  command  provided  by  the  second  feedback 
loop,  and  the  looping  torque  correction  (gf)  or  the 
looping  speed  correction  calculated  by  the  second  75 
disturbance  compensator  (44,  60). 

2.  An  interstand  tension  controller  according  to  claim 
1,  wherein  the  second  disturbance  compensator 
(44)  includes  a  model  that  provides  a  looping  angle  20 
as  the  looper  control  variable,  and  a  disturbance  act- 
ing  on  the  second  feedback  loop  is  estimated  on  the 
basis  of  a  difference  between  an  estimated  looping 
angle  provided  by  the  model  and  a  measured  loop- 
ing  angle.  25 

3.  An  interstand  tension  controller  according  to  claim 
1,  wherein  the  second  disturbance  compensator 
(60)  includes  a  model  that  provides  a  looping  speed 
as  a  looper  control  variable,  a  disturbance  acting  on  30 
the  second  feedback  loop  is  estimated  on  the  basis 
of  a  difference  between  an  estimated  looping  speed 
and  a  measured  looping  speed. 

4.  An  interstand  tension  controller  according  to  claim  35 
1  ,  wherein  the  first  disturbance  compensator  (34, 
35)  includes  a  model  that  receives  the  rotating 
speed  command  specifying  a  desired  rotating  speed 
for  the  rolls  of  the  rolling  stand  and  the  looping 
speed,  and  the  estimated  tension  is  determined  on  40 
the  basis  of  the  looping  speed  and  sum  of  the  rotat- 
ing  speed  command  calculated  by  the  first  feedback 
loop  and  the  correction  calculated  by  the  first  distur- 
bance  compensator  (34,  35). 

45 
5.  An  interstand  tension  controller  for  use  in  combina- 

tion  with  a  continuous  rolling  mill  having  a  plurality 
of  rolling  stands  and  provided  with  a  looper  (16) 
between  adjacent  rolling  stands  (12,  13),  said  inter- 
stand  tension  controller  comprising:  so 
a  first  feedback  loop  that  measures  or  estimates  an 
interstand  tension  (am)  of  a  workpiece  (10),  calcu- 
lates  a  rotating  speed  command  specifying  a 
desired  rotating  speed  for  rolls  of  the  rolling  stand 
on  the  basis  of  difference  between  a  desired  inter-  ss 
stand  tension  (ar),  and  a  measured  or  estimated 
working  interstand  tension  (am),  and  corrects  the 
rotating  speed  command; 
a  second  feedback  loop  that  measures  a  looping 

angle  (6m),  calculates  a  looping  torque  command  or 
a  looping  speed  command  on  the  basis  of  difference 
between  a  measured  looping  angle  (6m)  and  a 
desired  looping  angle  (6r),  and  corrects  the  looping 
torque  command  or  the  looping  speed  command; 
a  first  disturbance  compensator  (34)  that  estimates 
a  disturbance  acting  on  the  first  feedback  loop  on 
the  basis  of  difference  between  an  estimated  ten- 
sion  obtained  by  applying  sum  of  the  rotating  speed 
command  (ub)  calculated  by  the  first  feedback  loop 
and  a  correction  (uf)  calculated  by  the  first  distur- 
bance  compensator  (34)  to  a  model  that  receives  the 
rotating  speed  command  (u)  for  the  rolls  of  the  rolling 
stand  and  provides  an  interstand  tension  of  the 
workpiece  (10),  and  a  measured  or  estimated  work- 
ing  interstand  tension  (am),  and  calculates  a  rotating 
speed  correction  (uf)  to  offset  the  estimated  distur- 
bance  acting  on  the  first  feedback  loop;  and 
a  second  disturbance  compensator  (44)  that  esti- 
mates  a  disturbance  acting  on  the  second  feedback 
loop  on  the  basis  of  difference  between  an  estimated 
looping  angle  obtained  by  applying  sum  of  the  loop- 
ing  torque  command  (g)  or  the  looping  speed  com- 
mand  calculated  by  the  second  feedback  loop  and 
a  correction  (gf)  calculated  by  the  second  distur- 
bance  compensator  (44)  to  a  model  that  receives  the 
looping  torque  command  (g)  or  the  looping  speed 
command  and  provides  a  looping  angle  (6m),  and 
the  measured  looping  angle,  and  calculates  a  loop- 
ing  torque  correction  (gf)  or  a  looping  speed  correc- 
tion  to  offset  the  estimated  disturbance  acting  on  the 
second  feedback  loop; 
whereby  a  rotating  speed  of  the  rolls  is  controlled  on 
the  basis  of  a  value  obtained  by  adding  up  the  rotat- 
ing  speed  command  (u)  provided  by  the  first  feed- 
back  loop  and  the  rotating  speed  correction  (uf) 
calculated  by  the  first  disturbance  compensator 
(34);  and  a  looping  torque  or  a  looping  speed  is  con- 
trolled  on  the  basis  of  a  value  obtained  by  adding  up 
the  looping  torque  command  (g)  or  the  looping 
speed  command  provided  by  the  second  feedback 
loop,  and  the  looping  torque  correction  or  the  looping 
speed  correction  (gf)  calculated  by  the  second  dis- 
turbance  compensator  (44). 

6.  An  interstand  tension  controller  for  use  in  combina- 
tion  with  a  continuous  rolling  mill  having  a  plurality 
of  rolling  stands  and  provided  with  a  looper  (16) 
between  adjacent  rolling  stands  (12,  13),  said  inter- 
stand  tension  controller  comprising: 
a  first  feedback  loop  that  measures  or  estimates  an 
interstand  tension  (am)  of  a  workpiece  (10),  calcu- 
lates  a  rotating  speed  command  for  rolls  of  the  rolling 
stand  on  the  basis  of  difference  between  a  desired 
interstand  tension  (ar),  and  a  measured  or  esti- 
mated  working  interstand  tension  (am),  and  corrects 
the  rotating  speed; 
a  second  feedback  loop  that  measures  a  looping 
angle  (6m),  calculates  a  looping  torque  command  or 
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a  looping  speed  command  on  the  basis  of  difference 
between  a  desired  looping  angle  (6r)  and  a  meas- 
ured  looping  angle  (6m),  and  corrects  the  looping 
torque  command  or  the  looping  speed  command; 
a  first  disturbance  compensator  (34)  that  estimates  5 
a  disturbance  acting  on  the  first  feedback  loop  on 
the  basis  of  difference  between  an  estimated  ten- 
sion  obtained  by  applying  sum  of  the  rotating  speed 
command  (ub)  calculated  by  the  first  feedback  loop 
and  a  correction  (uf)  calculated  by  the  first  distur-  w 
bance  compensator  (34)  to  a  model  that  receives  the 
rotating  speed  command  (u)  for  the  rolls  of  the  rolling 
stand  and  provides  an  interstand  tension  of  the 
workpiece  (10),  and  a  measured  or  estimated  work- 
ing  interstand  tension  (am),  and  calculates  a  rotating  15 
speed  correction  (uf)  to  offset  the  estimated  distur- 
bance  acting  on  the  first  feedback  loop;  and 
a  second  disturbance  compensator  (60)  that  esti- 
mates  a  disturbance  acting  on  the  second  feedback 
loop  on  the  basis  of  difference  between  an  estimated  20 
looping  speed  obtained  by  applying  sum  of  the  loop- 
ing  torque  command  or  the  looping  speed  command 
calculated  by  the  second  feedback  loop  and  a  cor- 
rection  (gf)  calculated  by  the  second  disturbance 
compensator  (60)  to  a  model  that  receives  the  loop-  25 
ing  torque  command  (g)  or  the  looping  speed  com- 
mand  and  provides  a  looping  speed  (6m),  and  a 
measured  looping  speed,  and  calculates  a  looping 
torque  correction  (gf)  or  a  looping  speed  correction 
to  offset  the  estimated  disturbance  acting  on  the  30 
second  feedback  loop; 
whereby  a  rotating  speed  is  controlled  on  the  basis 
of  a  value  obtained  by  adding  up  the  rotating  speed 
command  (ub)  provided  by  the  first  feedback  loop 
and  the  rotating  speed  correction  (uf)  calculated  by  35 
the  first  disturbance  compensator  (34)  ;  and  the  loop- 
ing  torque  or  the  looping  speed  is  controlled  on  the 
basis  of  a  value  obtained  by  adding  up  the  looping 
torque  command  (gb)  or  the  looping  speed  com- 
mand  provided  by  the  second  feed  back  loop  and  40 
the  looping  torque  correction  (gf)  or  the  looping 
speed  correction  calculated  by  the  second  distur- 
bance  compensator  (60). 

7.  An  interstand  tension  controller  for  use  in  combina-  45 
tion  with  a  continuous  rolling  mill  having  a  plurality 
or  rolling  stands  and  provided  with  a  looper  (16) 
between  adjacent  rolling  stands  (12,  13),  said  inter- 
stand  tension  controller  comprising: 
a  first  feedback  loop  that  measures  or  estimates  an  so 
interstand  tension  (am)  of  a  workpiece  (10),  calcu- 
lates  a  rotating  speed  command  for  the  rolls  of  the 
rolling  stand  on  the  basis  of  difference  between  a 
desired  interstand  tension  (ar)  and  the  measured  or 
estimated  working  interstand  tension  (am),  and  cor-  ss 
rects  the  rotating  speed; 
a  second  feedback  loop  that  measures  a  looping 
angle  (6m),  calculates  a  looping  torque  command  or 
a  looping  speed  command  on  the  basis  of  difference 

between  a  desired  looping  angle  (6r)  and  a  meas- 
ured  looping  angle  (6m),  and  corrects  the  looping 
torque  command  or  the  looping  speed  command; 
a  first  disturbance  compensator  (35)  that  estimates 
a  disturbance  acting  on  the  first  feedback  loop  on 
the  basis  of  difference  between  an  estimated  ten- 
sion  obtained  by  applying  sum  of  the  rotating  speed 
command  (ub)  calculated  by  the  first  feedback  loop 
and  a  correction  (uf)  calculated  by  the  first  distur- 
bance  compensator  (35)  and  a  looping  speed  to  a 
model  that  receives  the  rotating  speed  command  (u) 
and  the  looping  speed  and  provides  the  interstand 
tension  of  the  workpiece  (10),  and  the  measured  or 
estimated  working  interstand  tension  (am),  and  cal- 
culates  a  rotating  speed  correction  (uf)  to  offset  the 
estimated  disturbance  acting  on  the  first  feedback 
loop;  and 
a  second  disturbance  compensator  (44)  that  esti- 
mates  a  disturbance  acting  on  the  second  feedback 
loop  on  the  basis  of  difference  between  an  estimated 
looping  angle  obtained  by  applying  sum  of  the  loop- 
ing  torque  command  or  the  looping  speed  command 
calculated  by  the  second  feedback  loop  and  a  cor- 
rection  (gf)  calculated  by  the  second  disturbance 
compensator  (44)  to  a  model  that  receives  the  loop- 
ing  torque  command  (g)  or  the  looping  speed  com- 
mand,  and  provides  a  looping  angle,  and  a 
measured  looping  angle,  and  calculates  a  looping 
torque  correction  (gf)  or  a  looping  speed  correction 
to  offset  the  estimated  disturbance  acting  on  the 
second  feedback  loop; 
whereby  the  rotating  speed  is  controlled  on  the  basis 
of  a  value  obtained  by  adding  up  the  rotating  speed 
command  (ub)  provided  by  the  first  feedback  loop 
and  the  rotating  speed  correction  (uf)  provided  by 
the  first  disturbance  compensator  (35),  the  looping 
torque  or  the  looping  speed  is  controlled  on  the  basis 
of  a  value  obtained  by  adding  up  the  looping  torque 
command  (gb)  or  the  looping  speed  command  pro- 
vided  by  the  second  feedback  loop,  and  the  looping 
torque  correction  (gf)  or  the  looping  speed  correction 
provided  by  the  second  disturbance  compensator 
(44). 

8.  An  interstand  tension  controller  for  use  in  combina- 
tion  with  a  continuous  rolling  mill  having  a  plurality 
of  rolling  stands  and  provided  with  a  looper  (16) 
between  adjacent  rolling  stands  (12,  13),  said  inter- 
stand  tension  controller  comprising: 
a  first  feedback  loop  that  measures  or  estimates  an 
interstand  tension  (am)  of  a  workpiece  (10),  calcu- 
lates  a  rotating  speed  command  for  the  rolls  of  the 
rolling  stand  on  the  basis  of  difference  between  a 
desired  interstand  tension  (ar),  and  a  measured  or 
estimated  working  interstand  tension  (am),  and  cor- 
rects  the  rotating  speed; 
a  second  feedback  loop  that  measures  a  looping 
angle  (6m),  calculates  a  looping  torque  command  or 
a  looping  speed  command  on  the  basis  of  difference 
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between  a  desired  looping  angle  (6r)  and  a  meas- 
ured  looping  angle  (6m),  and  corrects  the  looping 
torque  command  or  the  looping  speed  command; 
a  first  disturbance  compensator  (35)  that  estimates 
a  disturbance  acting  on  the  first  feedback  loop  on  5 
the  basis  of  difference  between  an  estimated  inter- 
stand  tension  obtained  by  applying  sum  of  the  rotat- 
ing  speed  command  (ub)  calculated  by  the  first 
feedback  loop  and  a  correction  (uf)  calculated  by  the 
first  disturbance  compensator  (35)  and  a  looping  w 
speed  to  a  model  that  receives  the  rotating  speed 
command  (u)  for  the  rolls  of  the  rolling  stand  and  the 
looping  speed,  and  provides  the  interstand  tension 
of  the  workpiece  (10),  and  the  measured  or  esti- 
mated  working  interstand  tension  (am),  and  calcu-  75 
lates  a  rotating  speed  correction  (uf)  to  offset  the 
estimated  disturbance  acting  on  the  first  feedback 
loop;  and 
a  second  disturbance  compensator  (60)  that  esti- 
mates  a  disturbance  acting  on  the  second  feedback  20 
loop  on  the  basis  of  difference  between  an  estimated 
looping  speed  obtained  by  applying  sum  of  the  loop- 
ing  torque  command  or  the  looping  speed  command 
calculated  by  the  second  feedback  loop  and  a  cor- 
rection  (gf)  calculated  by  the  second  disturbance  25 
compensator  (60)  to  a  model  that  receives  the  loop- 
ing  torque  command  (g)  or  the  looping  speed  com- 
mand  and  provides  a  looping  speed,  and  a 
measured  looping  speed,  and  calculates  a  looping 
torque  correction  (gf)  or  a  looping  speed  correction  30 
to  offset  the  estimated  disturbance  acting  on  the 
second  feedback  loop; 
whereby  the  rotating  speed  is  controlled  on  the  basis 
of  a  value  obtained  by  adding  up  the  rotating  speed 
command  (ub)  provided  by  the  first  feedback  loop  35 
and  the  rotating  speed  correction  (uf)  provided  by 
the  first  disturbance  compensator  (35),  and  the  loop- 
ing  torque  or  the  looping  speed  is  controlled  on  the 
basis  of  a  value  obtained  by  adding  up  the  looping 
torque  command  (gb)  or  the  looping  speed  com-  40 
mand  provided  by  the  second  feedback  loop  and  the 
looping  torque  correction  (gf)  or  the  looping  speed 
correction  provided  by  the  second  disturbance  com- 
pensator  (60). 

45 
9.  An  interstand  tension  controller  for  use  in  combina- 

tion  with  a  continuous  rolling  mill  having  a  plurality 
of  rolling  stands  and  provided  with  a  looper  (16) 
between  adjacent  rolling  stands  (12,  13),  said  inter- 
stand  tension  controller  comprising:  so 
a  feedback  loop  that  calculates  a  rotating  speed 
command  for  the  rolls  of  the  rolling  stand,  and  a  loop- 
ing  torque  command  or  a  looping  speed  command 
on  the  basis  of  a  measured  or  estimated  tension  of 
a  workpiece  (10)  between  the  rolling  stands,  the  55 
deviation  of  the  measured  or  estimated  tension  from 
a  desired  tension,  a  measured  looping  angle,  the 
deviation  of  the  measured  looping  angle  from  a 
desired  looping  angle,  a  measured  rotating  speed  of 

the  rolls  of  the  rolling  stand  and  a  measured  looping 
speed,  and  corrects  the  rotating  speed  of  the  rolls 
and  the  looping  torque  or  the  looping  speed; 
a  first  disturbance  compensator  (76)  that  estimates 
a  disturbance  acting  on  the  feedback  loop  on  the 
basis  of  difference  between  an  estimated  tension 
obtained  by  applying  the  measured  looping  speed 
(com)  and  sum  of  the  rotating  speed  command  (ub) 
for  the  rolls  of  the  rolling  stand  calculated  by  the 
feedback  loop  and  a  correction  (uf)  calculated  by  the 
first  disturbance  compensator  (76),  to  a  model  that 
receives  the  rotating  speed  command  (u)  and  pro- 
vides  the  tension  of  the  workpiece  (10)  between  the 
rolling  stands,  and  the  measured  or  estimated  ten- 
sion  (am),  and  calculates  a  rotating  speed  correction 
(uf)  to  offset  the  estimated  disturbance  acting  on  the 
feedback  loop;  and 
a  second  disturbance  compensator  (78)  that  esti- 
mates  a  disturbance  acting  on  the  feedback  loop  on 
the  basis  of  difference  between  an  estimated  looper 
control  variable  obtained  by  applying  the  measured 
or  estimated  tension  (am)  and  sum  of  the  looping 
torque  command  (gb)  or  the  looping  speed  com- 
mand  (gb)  calculated  by  the  feedback  loop  and  a 
correction  (gf)  calculated  by  the  second  disturbance 
compensator  (78)  to  a  model  that  receives  the  loop- 
ing  torque  command  (g)  or  the  looping  speed  com- 
mand  and  provides  a  looper  control  variable,  and  the 
measured  looper  control  variable,  and  calculates  a 
looping  torque  correction  (gf)  or  a  looping  speed  cor- 
rection  to  offset  the  estimated  disturbance  acting  on 
the  feedback  loop; 
whereby  the  rotating  speed  of  the  rolls  of  the  rolling 
stand  is  controlled  on  the  basis  of  sum  of  the  rotating 
speed  command  (ub)  calculated  by  the  feedback 
loop  and  the  rotating  speed  correction  (uf)  calcu- 
lated  by  the  first  disturbance  compensator  (76),  and 
the  looping  torque  or  the  looping  speed  is  controlled 
on  the  basis  of  sum  of  the  looping  torque  command 
(gb)  or  the  looping  speed  command  calculated  by 
the  feedback  loop  and  the  looping  torque  correction 
(gf)  or  the  looping  speed  correction  calculated  by  the 
second  disturbance  compensator  (78). 

10.  An  interstand  tension  controller  according  to  claim 
9,  wherein  the  second  disturbance  compensator 
(78)  includes  a  model  that  provides  a  looping  angle 
as  the  looper  control  variable,  and  a  disturbance  act- 
ing  on  the  second  feedback  loop  is  estimated  on  the 
basis  of  a  difference  between  an  estimated  looping 
angle  provided  by  the  model  and  a  measured  loop- 
ing  angle  (6m). 

11.  An  interstand  tension  controller  according  to  claim 
9,  wherein  the  second  disturbance  compensator 
(78)  includes  a  model  that  provides  a  looping  speed 
as  a  looper  control  variable,  a  disturbance  acting  on 
the  second  feedback  loop  is  estimated  on  the  basis 
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of  a  difference  between  an  estimated  looping  speed 
and  a  measured  looping  speed. 

12.  An  interstand  tension  controller  for  use  in  combina- 
tion  with  a  continuous  rolling  mill  having  a  plurality  5 
of  rolling  stands  and  provided  with  a  looper  (16) 
between  adjacent  rolling  stands  (12,  13),  said  inter- 
stand  tension  controller  comprising: 
a  feedback  loop  that  calculates  a  rotating  speed 
command  (ub)  for  the  rolls  of  the  rolling  stand,  and  to 
a  looping  torque  command  (gb)  or  a  looping  speed 
command  on  the  basis  of  a  measured  or  estimated 
tension  (am)  of  a  workpiece  (1  0)  between  the  rolling 
stands  (12,  13),  the  deviation  of  the  measured  or 
estimated  tension  (am)  from  a  desired  tension  (ar),  ts 
a  measured  looping  angle  (6m),  the  deviation  of  the 
measured  looping  angle  (6m)  from  a  desired  looping 
angle  (6r),  a  measured  rotating  speed  of  the  rolls  of 
the  rolling  stand  and  a  measured  looping  speed 
(com),  and  corrects  the  rotating  speed  of  the  rolls  and  20 
the  looping  torque  or  the  looping  speed; 
a  first  disturbance  compensator  (76)  that  estimates 
a  disturbance  acting  on  the  feedback  loop  on  the 
basis  of  difference  between  an  estimated  tension 
obtained  by  applying  the  measured  looping  speed  25 
(com)  and  sum  of  the  rotating  speed  command  (ub) 
for  the  rolls  of  the  rolling  stand  calculated  by  the 
feedback  loop  and  a  correction  (uf)  calculated  by  the 
first  disturbance  compensator  (76),  to  a  model  that 
receives  the  rotating  speed  command  (u)  and  pro-  30 
vides  the  tension  of  the  workpiece  (1  0)  between  the 
rolling  stands  (12,  13),  and  the  measured  or  esti- 
mated  tension  (am),  and  calculates  a  rotating  speed 
correction  (uf)  to  offset  the  estimated  disturbance 
acting  on  the  feedback  loop;  and  35 
a  second  disturbance  compensator  (78)  that  esti- 
mates  a  disturbance  acting  on  the  feedback  loop  on 
the  basis  of  difference  between  an  estimated  loop- 
ing  angle  obtained  by  applying  the  measured  or  esti- 
mated  tension  (am)  and  sum  of  the  looping  torque  to 
command  (gb)  or  the  looping  speed  command  cal- 
culated  by  the  feedback  loop  and  a  correction  (gf) 
calculated  by  the  second  disturbance  compensator 
(78)  to  a  model  that  receives  the  looping  torque  com- 
mand  (g)  or  the  looping  speed  command  and  pro-  45 
vides  a  looping  angle,  and  the  measured  looping 
angle  (6m),  and  calculates  a  looping  torque  correc- 
tion  (gf)  or  a  looping  speed  correction  to  offset  the 
estimated  disturbance  acting  on  the  feedback  loop; 
whereby  the  rotating  speed  of  the  rolls  of  the  rolling  so 
stand  is  controlled  on  the  basis  of  sum  of  the  rotating 
speed  command  (ub)  calculated  by  the  feedback 
loop  and  the  rotating  speed  correction  (uf)  calcu- 
lated  by  the  first  disturbance  compensator  (76),  and 
the  looping  torque  or  the  looping  speed  is  controlled  55 
on  the  basis  of  sum  of  the  looping  torque  command 
(gb)  or  the  looping  speed  command  calculated  by 
the  feedback  loop  and  the  looping  torque  correction 

(gf)  or  the  looping  speed  correction  calculated  by  the 
second  disturbance  compensator  (78). 

13.  An  interstand  tension  controller  for  use  in  combina- 
tion  with  a  continuous  rolling  mill  having  a  plurality 
of  rolling  stands  and  provided  with  a  looper  (16) 
between  adjacent  rolling  stands  (12,  13),  said  inter- 
stand  tension  controller  comprising: 
a  feedback  loop  that  calculates  a  rotating  speed 
command  (ub)  for  the  rolls  of  the  rolling  stand  and  a 
looping  torque  command  (gb)  or  a  looping  speed 
command  on  the  basis  of  a  measured  or  estimated 
tension  (am)  of  a  workpiece  (10)  between  the  rolling 
stands  (12,  13),  the  deviation  of  the  measured  or 
estimated  tension  (am)  from  a  desired  tension  (ar), 
a  measured  looping  angle  (6m),  the  deviation  of  the 
measured  looping  angle  (6m)  from  a  desired  looping 
angle  (6r),  a  measured  rotating  speed  of  the  rolls  of 
the  rolling  stand  and  a  measured  looping  speed,  and 
corrects  the  rotating  speed  of  the  rolls  and  the  loop- 
ing  torque  or  the  looping  speed; 
a  first  disturbance  compensator  (76)  that  estimates 
a  disturbance  acting  on  the  feedback  loop  on  the 
basis  of  difference  between  an  estimated  tension 
obtained  by  applying  the  measured  looping  speed 
(com)  and  sum  of  the  rotating  speed  command  (ub) 
calculated  by  the  feedback  loop  and  a  correction  (uf) 
calculated  by  the  first  disturbance  compensator  (76) 
to  a  model  that  receives  the  rotating  speed  com- 
mand  (u)  and  provides  the  tension  of  the  workpiece 
(10)  between  the  rolling  stands  (12,  13),  and  the 
measured  or  estimated  tension  (am),  and  calculates 
a  rotating  speed  correction  (uf)  to  offset  the  esti- 
mated  disturbance  acting  on  the  feedback  loop;  and 
a  second  disturbance  compensator  (78)  that  esti- 
mates  a  disturbance  acting  on  the  feedback  loop  on 
the  basis  of  difference  between  an  estimated  loop- 
ing  speed  obtained  by  applying  the  measured  or 
estimated  tension  (am)  and  sum  of  the  looping 
torque  command  (gb)  or  the  looping  speed  com- 
mand  calculated  by  the  feedback  loop  and  a  correc- 
tion  (gf)  calculated  by  the  second  disturbance 
compensator  (78)  to  a  model  that  receives  the  loop- 
ing  torque  command  (g)  or  the  looping  speed  com- 
mand  and  provides  a  looping  speed  (com),  and  the 
measured  looping  speed,  and  calculates  a  looping 
torque  correction  (gf)  or  a  looping  speed  correction 
to  offset  the  estimated  disturbance  acting  on  the 
feedback  loop; 
whereby  the  rotating  speed  of  the  rolls  of  the  rolling 
stand  is  controlled  on  the  basis  of  sum  of  the  rotating 
speed  command  (ub)  calculated  by  the  feedback 
loop  and  the  rotating  speed  correction  (uf)  calcu- 
lated  by  the  first  disturbance  compensator  (76),  and 
the  looping  torque  or  the  looping  speed  is  controlled 
on  the  basis  of  sum  of  the  looping  torque  command 
(gb)  or  the  looping  speed  command  calculated  by 
the  feedback  loop  and  the  looping  torque  correction 
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(gf)  or  the  looping  speed  correction  calculated  by  the 
second  disturbance  compensator  (78). 

14.  A  method  of  regulating  an  interstand  tension  of  a 
workpiece  (10)  being  rolled  on  a  continuous  rolling  s 
mill  having  a  plurality  of  rolling  stands  and  provided 
with  a  looper  (16)  between  adjacent  rolling  stands 
(1  2,  1  3)  at  a  desired  interstand  tension  by  controlling 
a  rotating  speed  of  rolls  of  the  rolling  stand  and  of 
regulating  a  looping  angle  at  a  desired  looping  angle  10 
by  controlling  a  looping  torque  or  a  looping  speed  of 
the  looper,  said  method  comprising  the  steps  of; 
estimating  a  disturbance  acting  on  a  first  controlled 
system,  in  which  the  rotating  speed  of  the  rolls  is  a 
manipulated  variable  and  the  interstand  tension  of  is 
the  workpiece  is  a  controlled  variable,  on  the  basis 
of  difference  between  an  estimated  interstand  ten- 
sion  obtained  by  applying  at  least  a  rotating  speed 
command  (u)  for  the  rolls  of  the  rolling  stand  to  a  first 
model  (82)  that  receives  at  least  the  rotating  speed  20 
command  (u)  and  provides  the  interstand  tension 
(op)  of  the  workpiece,  and  a  measured  or  estimated 
working  interstand  tension; 
calculating  a  rotating  speed  command  (u)  to  offset 
the  estimated  disturbance;  25 
regulating  the  rotating  speed  according  to  the  calcu- 
lated  rotating  speed  command  (u); 
estimating  a  disturbance  acting  on  a  second  control- 
led  system,  in  which  the  looping  torque  or  the  loop- 
ing  speed  of  the  looper  (16)  is  a  manipulated  30 
variable  and  the  looping  angle  of  the  looper  (16)  is 
a  controlled  variable,  on  the  basis  of  difference 
between  an  estimated  looper  control  variable 
obtained  by  applying  a  looping  torque  command  (g) 
or  a  looping  speed  command  to  a  second  model  (92,  35 
110)  that  receives  the  looping  torque  command  (g) 
or  the  looping  speed  command,  and  provides  a 
looper  control  variable  (6p,  cop),  and  a  measured 
looper  control  variable; 
calculating  a  looping  torque  command  (g)  or  a  loop-  40 
ing  speed  command  to  offset  the  estimated  distur- 
bance;  and 
regulating  the  looping  torque  or  the  looping  speed 
according  to  the  calculated  looping  torque  command 
(g)  or  the  calculated  looping  speed  command.  45 

15.  A  method  according  to  claim  14,  wherein  the  looper 
control  variable  provided  by  the  second  model  (92) 
is  a  looping  angle  (6p),  and  the  disturbance  acting 
on  the  second  controlled  system  is  estimated  on  the  so 
basis  of  difference  between  an  estimated  looping 
angle  (6p)  provided  by  the  second  model  (92)  and  a 
measured  looping  angle  (6m). 

1  6.  A  method  according  to  claim  1  4,  wherein  the  looper  ss 
control  variable  provided  by  the  second  model  (110) 
is  a  looping  speed  (cop),  and  the  disturbance  acting 
on  the  second  controlled  system  is  estimated  on  the 
basis  of  difference  between  an  estimated  looping 

speed  (cop)  provided  by  the  second  model  (110)  and 
a  measured  looping  speed  (com). 

17.  A  method  according  to  claim  14,  wherein  the  esti- 
mated  interstand  tension  (op)  is  determined  on  the 
basis  of  the  rotating  speed  command  (u)  and  the 
looping  speed. 

18.  A  method  of  regulating  an  interstand  tension  of  a 
workpiece  (10)  being  rolled  on  a  continuous  rolling 
mill  having  a  plurality  of  rolling  stands  and  provided 
with  a  looper  (16)  between  adjacent  rolling  stands 
(1  2,  1  3)  at  a  desired  interstand  tension  by  controlling 
a  rotating  speed  of  rolls  of  the  rolling  stand  and  of 
regulating  a  looping  angle  at  a  desired  looping  angle 
by  controlling  a  looping  torque  or  a  looping  speed  of 
the  looper,  said  method  comprising  the  steps  of: 
estimating  a  disturbance  acting  on  a  first  controlled 
system,  in  which  the  rotating  speed  of  the  rolls  is  a 
manipulated  variable  and  the  interstand  tension  of 
the  workpiece  is  a  controlled  variable,  on  the  basis 
of  difference  between  an  estimated  interstand  ten- 
sion  obtained  by  applying  a  rotating  speed  com- 
mand  (u)  for  the  rolls  of  the  rolling  stand  to  a  first 
model  (88)  that  receives  the  rotating  speed  com- 
mand  (u)  and  provides  the  interstand  tension  (op)  of 
the  workpiece  (10),  and  a  measured  or  estimated 
working  interstand  tension  (am); 
calculating  a  rotating  speed  command  (u)  to  offset 
the  estimated  disturbance; 
regulating  the  rotating  speed  according  to  the  calcu- 
lated  rotating  speed  command  (u); 
estimating  a  disturbance  acting  on  a  second  control- 
led  system,  in  which  the  looping  torque  or  the  loop- 
ing  speed  of  the  looper  (16)  is  a  manipulated 
variable  and  the  looping  angle  of  the  looper  (16)  is 
a  controlled  variable,  on  the  basis  of  difference 
between  an  estimated  looping  angle  obtained  by 
applying  a  looping  torque  command  (g)  or  a  looping 
speed  command  to  a  second  model  (92)  that 
receives  the  looping  torque  command  (g)  or  the 
looping  speed  command,  and  provides  a  looping 
angle  (6p),  and  a  measured  looping  angle; 
calculating  a  looping  torque  command  (g)  or  a  loop- 
ing  speed  command  to  offset  the  estimated  distur- 
bance;  and 
regulating  the  looping  torque  or  the  looping  speed 
according  to  the  calculated  looping  torque  command 
(g)  or  the  calculated  looping  speed  command. 

19.  A  method  of  regulating  an  interstand  tension  of  a 
workpiece  (10)  being  rolled  on  a  continuous  rolling 
mill  having  a  plurality  of  rolling  stands  and  provided 
with  a  looper  (16)  between  adjacent  rolling  stands 
(1  2,  1  3)  at  a  desired  interstand  tension  by  controlling 
a  rotating  speed  of  rolls  of  the  rolling  stand  and  of 
regulating  a  looping  angle  at  a  desired  looping  angle 
by  controlling  a  looping  torque  or  a  looping  speed  of 
the  looper  (1  6),  said  method  comprising  the  steps  of: 

21 
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estimating  a  disturbance  acting  on  a  first  controlled 
system,  in  which  rotating  speed  of  the  rolls  is  a 
manipulated  variable  and  the  interstand  tension  of 
the  workpiece  (10)  is  a  controlled  variable,  on  the 
basis  of  difference  between  an  estimated  interstand  5 
tension  (op)  obtained  by  applying  a  rotating  speed 
command  (u)  for  the  rolls  of  the  rolling  stand  to  a  first 
model  (82)  that  receives  the  rotating  speed  com- 
mand  (u)  and  provides  the  interstand  tension  (op)  of 
the  workpiece  (10),  and  a  measured  or  estimated  w 
working  interstand  tension  (om); 
calculating  a  rotating  speed  command  (u)  to  offset 
the  estimated  disturbance; 
regulating  the  rotating  speed  according  to  the  calcu- 
lated  rotating  speed  command  (u);  15 
estimating  a  disturbance  acting  on  a  second  control- 
led  system,  in  which  the  looping  torque  or  the  loop- 
ing  speed  of  the  looper  (16)  is  a  manipulated 
variable  and  the  looping  angle  of  the  looper  (16)  is 
a  controlled  variable,  on  the  basis  of  difference  20 
between  an  estimated  looping  speed  (cop)  obtained 
by  applying  a  looping  torque  command  (g)  or  a  loop- 
ing  speed  command  to  a  second  model  (1  1  0)  that 
receives  the  looping  torque  command  (g)  or  the 
looping  speed  command,  and  provides  a  looping  2s 
speed,  and  a  measured  looping  speed  (com); 
calculating  a  looping  torque  command  (g)  or  a  loop- 
ing  speed  command  to  offset  the  estimated  distur- 
bance;  and 
regulating  the  looping  torque  or  the  looping  speed  30 
according  to  the  calculated  looping  torque  command 
(g)  or  the  calculated  looping  speed  command. 

20.  A  method  of  regulating  an  interstand  tension  of  a 
workpiece  (10)  being  rolled  on  a  continuous  rolling  35 
mill  having  a  plurality  of  rolling  stands  and  provided 
with  a  looper  (16)  between  adjacent  rolling  stands 
(1  2,  1  3)  at  a  desired  interstand  tension  by  controlling 
a  rotating  speed  of  rolls  of  the  rolling  stand  and  of 
regulating  a  looping  angle  at  a  desired  looping  angle  40 
by  controlling  a  looping  torque  or  a  looping  speed  of 
the  looper  (16),  said  method  comprising  the  steps  of: 
estimating  a  disturbance  acting  on  a  first  controlled 
system,  in  which  the  rotating  speed  of  the  rolls  is  a 
manipulated  variable  and  the  interstand  tension  of  45 
the  workpiece  (10)  is  a  controlled  variable,  on  the 
basis  of  difference  between  an  estimated  interstand 
tension  (op)  obtained  by  applying  a  rotating  speed 
command  (u)  for  the  rolls  of  the  rolling  stand  and  the 
looping  speed  to  a  first  model  (82)  that  receives  the  so 
rotating  speed  command  (u)  and  the  looping  speed 
and  provides  the  interstand  tension  (op)  of  the  work- 
piece,  and  a  measured  or  estimated  working  inter- 
stand  tension  (om); 
calculating  a  rotating  speed  command  (u)  to  offset  55 
the  estimated  disturbance; 
regulating  the  rotating  speed  according  to  the  calcu- 
lated  rotating  speed  command  (u); 
estimating  a  disturbance  acting  on  a  second  control- 

led  system,  in  which  the  looping  torque  or  the  loop- 
ing  speed  is  a  manipulated  variable  and  the  looping 
angle  is  a  controlled  variable,  on  the  basis  of  differ- 
ence  between  an  estimated  looping  angle  (6p) 
obtained  by  applying  a  looping  torque  command  (g) 
or  a  looping  speed  command  to  a  second  model  (92) 
that  receives  the  looping  torque  command  (g)  or  the 
looping  speed  command,  and  provides  a  looping 
angle,  and  a  measured  looping  angle  (6m); 
calculating  a  looping  torque  command  (g)  or  a  loop- 
ing  speed  command  to  offset  the  estimated  distur- 
bance;  and 
regulating  the  looping  torque  or  the  looping  speed 
according  to  the  calculated  looping  torque  command 
(g)  or  the  calculated  looping  speed  command. 

21.  A  method  of  regulating  an  interstand  tension  of  a 
workpiece  (10)  being  rolled  on  a  continuous  rolling 
mill  having  a  plurality  of  rolling  stands  and  provided 
with  a  looper  (16)  between  adjacent  rolling  stands 
(1  2,  1  3)  at  a  desired  interstand  tension  by  controlling 
a  rotating  speed  of  rolls  of  the  rolling  stand  and  of 
regulating  a  looping  angle  at  a  desired  looping  angle 
by  controlling  a  looping  torque  or  a  looping  speed  of 
the  looper  (1  6),  said  method  comprising  the  steps  of: 
estimating  a  disturbance  acting  on  a  first  controlled 
system,  in  which  the  rotating  speed  of  the  rolls  is  a 
manipulated  variable  and  the  interstand  tension  of 
the  workpiece  (10)  is  a  controlled  variable,  on  the 
basis  of  difference  between  an  estimated  interstand 
tension  (op)  obtained  by  applying  a  rotating  speed 
command  (u)  for  the  rolls  of  the  rolling  stand  and  a 
looping  speed  to  a  first  model  (82)  that  receives  the 
rotating  speed  command  (u)  and  the  looping  speed 
and  provides  the  interstand  tension  (op)  of  the  work- 
piece,  and  a  measured  or  estimated  working  inter- 
stand  tension  (om); 
calculating  a  rotating  speed  command  (u)  to  offset 
the  estimated  disturbance; 
regulating  the  rotating  speed  according  to  the  calcu- 
lated  rotating  speed  command  (u); 
estimating  a  disturbance  acting  on  a  second  control- 
led  system,  in  which  the  the  looping  torque  or  the 
looping  speed  is  a  manipulated  variable  and  the 
looping  angle  is  a  controlled  variable,  on  the  basis 
of  difference  between  an  estimated  looping  speed 
(cop)  obtained  by  applying  a  looping  torque  com- 
mand  (g)  or  a  looping  speed  command  to  a  second 
model  (110)  that  receives  the  looping  torque  com- 
mand  (g)  or  the  looping  speed  command,  and  pro- 
vides  a  looping  speed,  and  a  measured  looping 
speed  (com); 
calculating  a  looping  torque  command  (g)  or  a  loop- 
ing  speed  command  to  offset  the  estimated  distur- 
bance;  and 
regulating  the  looping  torque  or  the  looping  speed 
according  to  the  calculated  looping  torque  command 
(g)  or  the  calculated  looping  speed  command. 
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F I G .   2  

C  '.  Cross  controller 
SR  '.  Rolling  Speed  Regulator  
TR  '■  Looping  Torque  Regulator  
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