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©  Controller  and  control  method  for  aluminum  shape  extruder. 

©  A  controller  for  an  aluminum  shape  extruder  shape  extruder,  storing  the  operating  speed  detected 
includes  a  laser  speed  sensor  for  detecting  operat-  by  the  laser  speed  sensor  in  a  computer  memory, 
ing  speed  of  a  hydraulic  unit  of  the  aluminum  shape  comparing  the  detected  operating  speed  with  a  set 
extruder  and  a  computer  control  unit  for  controlling  value  to  obtain  a  comparison  value,  and  computer 
the  operating  speed  of  the  hydraulic  unit  and  control  controlling  the  operating  speed  of  the  hydraulic  unit 
method  for  an  aluminum  shape  extruder  comprises  of  the  aluminum  shape  extruder  using  the  compari- 
the  steps  of  using  a  laser  speed  sensor  to  detect  the  son  signal, 
operating  speed  of  a  hydraulic  unit  of  the  aluminum 
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BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

This  invention  relates  to  control  of  an  aluminum 
shape  extruder,  more  particularly  to  an  aluminum 
shape  extruder  controller  equipped  with  a  laser 
speed  sensor  for  enabling  very  fine  computer  pre- 
dictive  control  matched  to  individual  products. 

Description  of  the  Prior  Art 

Prior  art  aluminum  extruders  are  controlled  us- 
ing  signals  from  measuring  instruments  associated 
with  the  plant  equipment.  In  this  method,  problems 
arise  owing  to  the  limited  accuracy  etc.  of  the 
measuring  instruments.  The  fact  chat  most  alu- 
minum  extruders  are  controlled  by  a  sequencer  or 
a  PID  controller  also  leads  to  problems,  because, 
even  in  extruders  equipped  with  a  dedicated  con- 
troller,  the  control  method  uses  simple  integrated 
values  and  the  control  is  conducted  in  a  fixed 
manner  using  specific  parameters.  As  a  result,  it  is 
difficult  to  change  the  control  values  from  product 
to  product  and,  therefore,  difficult  to  achieve  fine 
control.  Owing  to  problems  related  to  equipment 
noise  and  limited  measurement  accuracy,  more- 
over,  the  prior  art  aluminum  extruders  require  built- 
in  filtering  capability. 

Therefore,  since  the  control  response  is  slow, 
and  also  owing  to  the  problems  encountered  in 
connection  with  measurement  accuracy  and  the 
computation  method  based  on  integrated  values, 
the  product  extrusion  speed  may  become  exces- 
sive  (overshoot). 

Owing  to  recent  changes  in  demand,  moreover, 
the  trend  is  away  from  large-scale  production  of  a 
small  number  of  product  types  toward  small-scale 
production  of  a  large  number  of  product  types. 
Since  the  ability  of  the  prior  art  fixed  control  meth- 
od  to  cope  with  this  trend  is  limited,  a  need  has 
arisen  for  versatile  control  usable  with  a  huge  num- 
ber  of  product  types  each  having  its  own  peculiar 
specifications.  With  currently  available  control,  the 
product  processing  cannot  be  speeded  up  even 
when  the  machinery  is  capable  of  operating  at 
higher  speed  because  of  the  risk  of  overshooting. 

SUMMARY  OF  THE  INVENTION 

An  object  of  this  invention  is  to  provide  a 
controller  and  a  control  method  for  an  aluminum 
shape  extruder,  which  enable  a  computer  to  finely 
control  the  speed  of  the  aluminum  extruder  accord- 
ing  to  the  type  of  product  being  produced  based 
on  a  detection  signal  from  a  laser  speed  sensor  for 
detecting  the  speed  of  the  aluminum  shape  ex- 
truder. 

For  achieving  this  object,  this  invention  pro- 
vides  a  controller  for  an  aluminum  shape  extruder 
comprising  a  laser  speed  sensor  for  detecting  the 
operating  speed  of  a  hydraulic  unit  of  the  aluminum 

5  shape  extruder  and  a  computer  control  unit  for 
controlling  the  operating  speed  of  the  hydraulic  unit 
based  on  a  comparison  of  the  speed  value  repre- 
sented  by  a  detection  signal  of  the  laser  speed 
sensor  end  a  set  speed  value.  The  invention  further 

io  provides  a  control  method  for  an  aluminum  shape 
extruder  comprising  the  steps  of  using  a  laser 
speed  sensor  to  detect  the  operating  speed  of  a 
hydraulic  unit  of  the  aluminum  shape  extruder  (ex- 
trusion  tendency  and  product  extrusion  time  during 

75  a  product  extrusion  preparatory  operation),  storing 
the  operating  speed  detected  by  the  laser  speed 
sensor  in  a  computer  memory,  comparing  the  de- 
tected  operating  speed  with  a  set  value  based  on 
steady  torque  to  obtain  a  comparison  value,  and 

20  conducting  predictive  control  of  the  speed  of  the 
hydraulic  unit  taking  hydraulic  lag  into  account  by 
steplessly  calculating  a  control  gain  based  on  the 
comparison  value  obtained  and  automatically 
switching  between  feedback  control  and  feedfor- 

25  ward  control. 
In  the  control  method  for  an  aluminum  shape 

extruder  according  to  this  invention  the  operating 
speed  of  the  hydraulic  unit  of  the  aluminum  shape 
extruder  is  detected  by  a  laser  speed,  the  detec- 

30  tion  result  is  compared  with  a  set  value,  and  the 
operating  speed  of  the  hydraulic  unit  of  the  alu- 
minum  shape  extruder  is  controlled  based  on  the 
result  of  the  comparison.  The  control  method  for  an 
aluminum  shape  extruder  involves  detecting  the 

35  operating  speed  (extrusion  tendency  and  product 
extrusion  time  during  product  extrusion  preparatory 
operation),  storing  the  detected  operating  speed  in 
a  computer  memory,  and  conducting  predictive 
control  of  the  speed  of  the  hydraulic  unit  taking 

40  hydraulic  lag  into  account  by  comparing  the  de- 
tected  operating  speed  with  a  set  value  based  on 
steady  torque  to  thereby  calculate  a  control  signal 
and  steplessly  calculating  a  control  gain  based  on 
the  comparison  value  obtained  and  automatically 

45  switching  between  feedback  control  and  feedfor- 
ward  control. 

For  controlling  maximum  torque  output,  more- 
over,  the  dead  time  is  detected  and  the  ram  speed 
behavior  during  burp  operation  (air  bleeding  opera- 

50  tion  at  the  time  pressure  is  applied  to  an  aluminum 
billet  after  it  is  loaded  in  the  extruder)  is  analyzed 
for  judging  the  startup  tendency  and  enabling  pre- 
dictive  control. 

55  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  is  a  block  diagram  of  an  aluminum 
shape  extruder  which  is  an  embodiment  of  this 
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invention. 
Figure  2(a)  is  a  graph  showing  the  relationship 

between  torque  and  ram  speed  in  ordinary  PID 
control  and  Figure  2(b)  is  a  graph  showing  the 
relationship  between  torque  and  ram  speed  in  a 
ram  control  system  according  to  the  invention. 

Figure  3  is  a  graph  showing  the  relationship 
between  torque  and  ram  speed  in  predictive  control 
based  on  steady  torque. 

Figure  4  shows  graphs  for  judging  startup  ten- 
dency  from  ram  behavior  during  burp  operation, 
wherein  Figure  4(a)  is  a  graph  showing  slow  startup 
tendency,  Figure  4(b)  is  a  graph  showing  fast  star- 
tup  tendency,  and  Figure  4(c)  is  a  graph  showing 
the  relationship  between  pressure  rise  and  the  time 
between  extrusion  start  and  the  instant  of  actual 
product  emergence  (dead  time). 

Figure  5  is  a  block  diagram  showing  the  dis- 
crimination  logic. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

The  controller  and  control  method  for  an  alu- 
minum  shape  extruder  according  to  the  invention 
will  now  be  explained  with  reference  to  the  embodi- 
ment  shown  in  Figure  1,  which  is  a  block  diagram 
showing  an  aluminum  shape  extruder  controller  ac- 
cording  to  the  invention.  The  aluminum  shape  ex- 
truder  controller,  designated  by  reference  numeral 
1,  comprises  a  laser  speed  sensor  10,  a  sensor 
amplifier  unit  20,  a  pulse  unit  30,  an  FA/  (frequency 
to  voltage)  converter  40  and  a  computer  50. 

The  laser  speed  sensor  10  detects  the  operat- 
ing  speed  of  a  hydraulic  unit  of  the  aluminum 
shape  extruder  by  use  of  a  laser  beam.  More 
specifically,  the  sensor  head  of  the  laser  speed 
sensor  10,  which  consists  of  a  laser  beam  gener- 
ator  and  a  laser  beam  receiver  for  receiving  re- 
flected  laser  light,  is  mounted  on  the  crosshead 
section  of  the  hydraulic  unit  for  projecting  a  laser 
beam  onto  the  guide  section  thereof.  In  addition  to 
detecting  the  operating  speed  of  the  hydraulic  unit 
of  the  aluminum  shape  extruder,  the  laser  speed 
sensor  10  also  detects  the  extrusion  tendency  dur- 
ing  the  product  extrusion  preparatory  operation  and 
the  dead  time,  as  well  as  the  product  extrusion 
time. 

Since  the  laser  speed  sensor  10  is  installed  as 
an  independent  piece  of  equipment,  it  is  little  af- 
fected  by  extrusion  equipment  noise  and  since  the 
data  gathered  at  high  speed  by  the  laser  speed 
sensor  10  is  sent  to  the  computer,  the  control  can 
be  conducted  in  real  time,  without  need  from  the 
viewpoint  of  control  for  the  data  to  be  passed 
through  a  filter. 

The  sensor  amplifier  unit  20  receives  the  elec- 
tric  signal  representing  the  result  of  the  sensor 

head  detection  and  amplifies  it  for  transfer. 
During  preparatory  operation  for  extrusion,  the 

laser  speed  sensor  10  monitors  the  motion  (ram 
speed)  of  the  aluminum  shape  extruder  hydraulic 

5  unit. 
The  electric  signal  produced  by  the  laser 

speed  sensor  10  as  the  detection  result  and  am- 
plified  by  the  sensor  amplifier  unit  20  is  sent  to  the 
pulse  unit  30,  which  converts  it  into  a  digital  pulse 

io  signal.  This  is  for  preventing  the  signal  from  being 
attenuated  and  degraded  by  noise  during  transfer 
and  thus  ensuring  stable  high-speed  transfer  of  the 
electric  signal. 

The  electric  signal  representing  the  measure- 
15  ment  result  is  converted  to  an  analog  signal  by  the 

FA/  converter  40  and  the  converted  signal  is  sent 
to  the  computer  50  where  its  tendency  is  evalu- 
ated. 

The  computer  50  includes  a  memory  for  stor- 
20  ing  the  operating  speed  of  the  aluminum  shape 

extruder  hydraulic  unit  detected  by  the  laser  speed 
sensor  10  and  a  main  computer  unit  for  comparing 
the  detected  value  with  a  set  value  and  computing 
a  control  value. 

25  The  computer  50  is  supplied  with  data  indicat- 
ing  (a)  pressure  applied  by  hydraulic  unit,  (b)  prod- 
uct  speed,  (c)  set  speed,  (d)  extrusion  start,  (e) 
extrusion  end,  (f)  burp  (air  bleeding  operation  at  the 
time  pressure  is  applied  to  an  aluminum  billet  after 

30  it  is  loaded  in  the  extruder),  and  (g)  ram  speed. 
The  ram  speed  measured  by  the  laser  speed 

sensor  10,  namely  the  movement  of  the  aluminum 
shape  extruder  hydraulic  unit  during  extrusion  pre- 
paratory  operation,  is  supplied  to  the  computer, 

35  which  calculates  the  ram  speed  behavior  and  gra- 
dient  for  judging  the  product  extrusion  tendency. 
After  the  hydraulic  unit  starts  to  apply  pressure  to 
the  aluminum  billet,  there  is  a  certain  amount  of 
dead  time  before  the  product  begins  to  emerge 

40  from  the  dies.  The  length  of  this  dead  time  and  the 
gradient  of  the  ram  speed  (movement  of  the  alu- 
minum  shape  extruder  hydraulic  unit  during  ex- 
trusion  preparatory  operation)  are  measured  and  an 
automatic  calculation  is  conducted  for  selecting  the 

45  control  method  (feedback  or  feedforward  control) 
for  the  product  concerned.  Further,  since  the  con- 
trol  signal  during  startup  (until  the  product  reaches 
the  set  speed)  is  calculated  and  output  based  on  a 
steady  torque  value  calculated  from  the  set  speed 

50  ascertained  beforehand,  the  control  is  not  affected 
by  error  such  as  that  in  control  based  on  an 
integrated  value. 

Figure  2(a)  shows  the  experimentally  deter- 
mined  relationship  between  torque  and  ram  speed 

55  in  ordinary  PID  (proportional  integral  and  derivative) 
control.  As  can  be  seen,  this  type  of  control  re- 
sponds  to  sudden  changes  in  ram  movement  by 
following  the  rise  and  fall  in  the  ram  speed  so  that 

4 
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the  control  value  inputs  exactly  the  opposite  force 
from  what  is  required.  Ordinary  PID  control  is 
therefore  disadvantageous  in  that  it  is  uncertain  as 
to  where  the  ram  speed  and  torque  will  converge 
on  constant  speed  operation  or  how  long  it  will  take 
them  to  converge. 

In  the  control  according  to  the  controller  and 
control  method  of  this  invention,  the  steady  torque 
is  calculated  from  the  measured  set  speed  (ram 
speed)  end  torque  output  control  is  conducted 
based  on  the  calculated  value.  Since  predictive 
control  can  therefore  be  conducted  with  the  hy- 
draulic  lag  taken  into  account,  it  is  possible  to 
achieve  stable  control  which  eliminates  erratic  ups 
and  downs  during  startup. 

As  shown  in  Figure  2(b),  since  the  set  value  is 
given,  convergence  on  the  target  value  can  be 
achieved  relatively  quickly  unaffected  by  rising  and 
falling  of  the  measured  value.  In  this  example,  even 
if  the  ram  should  start  vibrating  abnormally  during 
startup  at  dies  which  start  up  rapidly,  the  control 
according  to  this  invention,  differently  from  ordinary 
PID  control,  which  tends  to  follow  the  ram  move- 
ment  and  require  considerable  time  for  conver- 
gence,  will  be  able  achieve  quick  convergence  and 
stable  control  owing  to  the  fact  that  the  torque  is 
output  based  on  steady  torque  as  a  standard. 

In  the  case  of  predictive  control  based  on 
steady  torque,  the  control  using  steady  torque  cal- 
culation  is  conducted  by  calculating  the  torque 
output  from  the  measured  ram  gradient  and  arrival 
time  values,  thus  enabling  predictive  control  taking 
the  hydraulic  delay  into  account.  Since,  as  shown 
in  Figure  3,  the  torque  effect  starting  point  A  and 
the  steady  torque  point  B  are  decisively  calculated 
as  control  information,  control  based  on  a  torque 
curve  that  takes  the  hydraulic  delay  into  account 
can  be  achieved. 

For  increasing  the  startup  speed  from  the  start 
of  extrusion,  the  control  method  effects  the  maxi- 
mum  torque  state  from  immediately  after  startup 
and  continues  the  maximum  torque  output  up  to 
the  limit  point.  Figure  4  shows  how  the  startup 
tendency  is  discriminated  from  the  characteristics 
of  the  ram  behavior  during  burp  operation,  with 
Figure  4(a)  illustrating  a  slow  startup  tendency  and 
Figure  4(b)  illustrating  a  fast  start  up  tendency.  The 
tendency  is  judged  from  the  difference  between  a 
and  /3. 

Figure  4(c)  shows  the  time  between  extrusion 
start  and  the  instant  at  which  the  product  actually 
appears  (dead  time)  and  the  pressure  rise  ten- 
dency  during  the  dead  time. 

Figure  5  shows  the  discrimination  logic.  Based 
on  the  ram  behavior  during  burp  operation,  a  dis- 
crimination  is  made  as  whether  the  startup  is  slow 
or  fast.  If  it  is  fast,  the  startup  is  subjected  to 
special  (feedback)  control.  If  it  is  slow,  an  additional 

discrimination  based  on  the  dead  time  up  to  the 
emergence  of  the  product  and  the  pressure  rise 
condition  is  made  to  determine  whether  the  startup 
is  fast  or  slow.  If  it  is  fast,  feedback  control  is 

5  conducted.  If  it  is  slow  (normal),  maximum  torque 
output  control  is  further  implemented  for  increasing 
the  ram  speed  to  a  fixed  value. 

Thus,  based  on  the  steady  torque,  the  detected 
ram  speed  and  the  set  value  are  compared  to 

io  calculate  a  control  signal  and  computer  control  is 
conducted  by  using  the  value  obtained  by  the 
comparison  for  switching  between  automatic  feed- 
back  control  and  feedforward  control  of  the  operat- 
ing  speed  of  the  hydraulic  unit  by  a  steplessly 

is  calculated  control  gain. 
Since  the  processing  is  conducted  inside  the 

controller  according  to  a  computer  program,  the 
control  can  respond  to  complex  movements  of  the 
extruder. 

20  This  effect  can  be  obtained  since  the  controller 
is  constituted  as  a  combination  of  a  high-perfor- 
mance  sensor  and  a  computer. 

Owing  to  the  fact  that  the  ram  speed  gradient 
is  calculated  from  the  detection  signal  produced  by 

25  the  laser  speed  sensor  and  that  a  control  gain  is 
calculated  in  accordance  with  the  calculated  gra- 
dient  separately  for  each  type  of  product  based  on 
its  extrusion  state,  it  is  possible  to  conduct  the 
control  using  the  optimum  control  gain  irrespective 

30  of  the  product  configuration.  In  contrast,  the  com- 
monly  used  PID  control  based  on  an  integrated 
value  cannot  switch  the  control  finely  since  the 
control  gain  is  determined  as  a  fixed  value. 

The  length  of  the  period  up  to  the  start  of 
35  product  extrusion  (the  dead  time)  varies  linearly 

with  the  extrusion  tendency.  Specifically,  the  easier 
it  is  to  extrude  from  a  die,  the  shorter  is  the  dead 
time  and  the  lower  is  the  pressure  rise.  Since  the 
product  extrusion  tendency  can  therefore  be 

40  judged  by  detecting  the  dead  time,  it  is  possible  to 
switch  between  feedforward  and  feedback  control 
based  on  the  maximum  torque. 

As  a  product  extrusion  preparatory  operation, 
bleeding  of  air  (  burp  operation)  is  conducted  with 

45  pressure  applied  to  the  aluminum  billet  (a  rod- 
shaped  piece  of  aluminum).  The  ram  speed  behav- 
ior  at  this  time  is  such  that  the  vibration  becomes 
smaller  with  decreasing  billet  length  and  increasing 
extrusion  ease.  As  a  result,  by  detecting  the  ram 

50  speed  behavior  during  the  extrusion  preparatory 
operation,  it  is  possible  to  judge  the  extrusion  ten- 
dency  before  extrusions  starts.  Since  this  makes  it 
possible  to  conduct  control  based  on  the  maximum 
torque  output  from  immediately  after  extrusion  of  a 

55  hard  to  extrude  product  has  started,  the  startup 
time  can  be  shortened. 

Owing  to  the  combined  use  of  a  computer  and 
a  laser  speed  sensor  the  controller  and  control 

5 



7 EP  0  671  226  A1 8 

method  according  to  his  invention  make  it  possible 
to  collect  highly  accurate  data  and,  by  ascertaining 
the  ram  behavior  during  extrusion  of  aluminum 
products  from  this  data,  to  determine  the  extrusion 
tendencies  of  individual  aluminum  products  in  ad- 
vance,  thereby  enabling  fine  control  utilizing  real 
time  data  with  respect  to  a  large  number  of  product 
types.  Moreover,  since  the  control  signal  is  not 
calculated  from  ordinary  integrated  values  but  from 
the  steady  torque,  overshooting  resulting  from  in- 
tegration  error  and  low  measurement  accuracy  is 
reduced.  In  addition,  since  the  extrusion  tendency 
can  be  judged  during  product  extrusion  preparatory 
operation  and  the  dead  time,  it  becomes  possible 
to  switch  between  feedback  control  and  feedfor- 
ward  control  based  on  maximum  output  from  im- 
mediately  after  the  start  of  extrusion.  In  combina- 
tion,  these  advantages  of  the  invention  reduce  the 
time  required  for  extrusion  processing,  increase 
production  per  unit  time,  and  increase  operating 
efficiency. 

Moreover,  since  the  laser  speed  sensor  is  pro- 
vided  independently  of  the  other  equipment,  mea- 
surement  error  resulting  from  noise  can  be  re- 
duced.  As  data  can  therefore  be  collected  at  high 
speed  and  no  need  arises  from  the  viewpoint  of 
control  for  the  data  to  be  filtered,  the  internal  filter- 
ing  capability  required  by  conventional  systems  is 
unnecessary  and  control  response  is  proportionally 
higher. 

Since  the  speed  of  the  hydraulic  unit  can  be 
computer  controlled  automatically  in  real  time  us- 
ing  a  control  gain  calculated  in  a  stepless  manner 
from  the  comparison  value,  fine  response  can  be 
achieved  and  predictive  control  taking  hydraulic  lag 
into  account  can  be  realized. 

Claims 

1.  A  controller  for  an  aluminum  shape  extruder 
comprising  a  laser  speed  sensor  for  detecting 
operating  speed  of  a  hydraulic  unit  of  the  alu- 
minum  shape  extruder  and  a  computer  control 
unit  for  controlling  the  operating  speed  of  the 
hydraulic  unit  based  on  a  comparison  of  the 
speed  value  represented  by  a  detection  signal 
of  the  laser  speed  sensor  and  a  set  speed 
value. 

2.  A  control  method  for  an  aluminum  shape  ex- 
truder  comprising  the  steps  of  using  a  laser 
speed  sensor  to  detect  the  operating  speed  of 
a  hydraulic  unit  of  the  aluminum  shape  ex- 
truder,  storing  the  operating  speed  detected  by 
the  laser  speed  sensor  in  a  computer  memory, 
comparing  the  detected  operating  speed  with  a 
set  value  to  obtain  a  comparison  value,  and 
computer  controlling  the  operating  speed  of 

the  hydraulic  unit  of  the  aluminum  shape  ex- 
truder  using  the  comparison  signal. 

3.  A  control  method  for  an  aluminum  shape  ex- 
5  truder  according  to  claim  2,  wherein  the  step 

of  computer  controlling  the  operating  speed  of 
the  hydraulic  unit  of  the  aluminum  shape  ex- 
truder  using  the  comparison  signal  consists  of 
steplessly  calculating  a  control  gain  in  accor- 

io  dance  with  load  and  using  the  calculated  con- 
trol  gain  for  automatically  adjusting  the  speed 
of  the  hydraulic  unit. 

4.  A  control  method  for  an  aluminum  shape  ex- 
15  truder  according  to  claim  2,  wherein  the  step 

of  using  a  laser  speed  sensor  to  detect  the 
operating  speed  of  the  hydraulic  unit  of  the 
aluminum  shape  extruder  consists  of  detecting 
a  product  extrusion  time  and  outputting  a  con- 

20  trol  signal  optimized  for  load. 

5.  A  control  method  for  an  aluminum  shape  ex- 
truder  according  to  claim  2,  wherein  the  step 
of  using  a  laser  speed  sensor  to  detect  the 

25  operating  speed  of  the  hydraulic  unit  of  the 
aluminum  shape  extruder  consists  of  detecting 
a  product  extrusion  tendency  during  a  product 
extrusion  preparatory  operation  period  of  the 
aluminum  shape  extruder  and  a  period  up  to 

30  product  emergence  (dead  time)  thereof,  there- 
by  enabling  control  by  an  optimum  control 
signal  (torque  output)  from  immediately  after 
start  of  extrusion. 

35  6.  A  control  method  for  an  aluminum  shape  ex- 
truder  according  to  claim  2,  wherein  the  step 
of  computer  controlling  the  operating  speed  of 
the  hydraulic  unit  of  the  aluminum  shape  ex- 
truder  using  the  comparison  signal  uses  a  con- 

40  trol  signal  calculated  based  on  steady  torque 
instead  of  an  ordinary  integrated  control  value. 

7.  A  control  method  for  an  aluminum  shape  ex- 
truder  according  to  claim  2,  wherein  a  control 

45  signal  calculated  based  on  steady  torque  is 
switched  between  feedback  control  and  feed- 
forward  control  based  on  product  extrusion 
tendency  during  a  product  extrusion  prepara- 
tory  operation  period  and  a  dead  time  of  the 

50  aluminum  shape  extruder. 

8.  A  control  method  for  an  aluminum  shape  ex- 
truder  according  to  claim  2,  wherein  the  step 
of  computer  controlling  the  operating  speed  of 

55  the  hydraulic  unit  of  the  aluminum  shape  ex- 
truder  using  the  comparison  signal  consists  of 
controlling  torque  output  based  on  a  prediction 
based  on  a  calculated  steady  torque  and  tak- 

6 
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ing  hydraulic  lag  into  account. 
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Fig.  2 
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