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@  Motion  control  system  E.G.  for  horizontal  continuous  caster. 

®  A  control  system  in  combination  with  a  horizon- 
tal  continuous  caster  includes  a  casting  system  drive 
motor  having  a  control  loop  operative  thereon.  A 
cam  selection  system  provides  for  application  of 
individual  cam  profiles  to  the  control  loop  of  the 
motor.  A  display  system  provides  display  of  the 
individual  applied  cam  profiles  and  actual  casting 

motion.  Additional  monitoring  systems  provide  direct 
control  of  multiple  system  functions  during  the  cast- 
ing  process.  The  control  system  based  on  velocity 
versus  time  is  simplified  in  construction  and  provides 
rapid  and  precise  control. 
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MOTION  CONTROL  SYSTEM  E.G.  FOR  HORIZONTAL  CONTINUOUS  CASTER 

This  invention  relates  to  motion  control  sys- 
tems,  e.g.  for  a  single  strand  or  multiple  strand 
casting  system  and  generally  to  horizontal  continu- 
ous  casting  systems. 

The  development  of  horizontal  continuous  cast- 
ing  systems  has  permitted  the  casting  of  extended 
length  constant  cross-section  castings,  such  as 
steel  castings,  in  an  economical  and  convenient 
manner.  While  the  structures  of  horizontal  continu- 
ous  casting  systems  vary  from  manufacturer  to 
manufacturer,  the  operative  details  are  generally 
similar.  These  caster  systemms  are  described  in 
US  Patent  Nos  4,437,509;  4,520,860;  4,532,977; 
4,580,614  and  4,774,996,  the  disclosures  thereof 
incorporated  herein  by  reference. 

In  the  operation  of  a  continuous  caster,  a  sup- 
ply  of  molten  metal  is  provided  to  a  tundish  prior  to 
the  initiation  of  the  casting  process.  Thereafter,  a 
starter  bar  having  a  cross-section  corresponding 
generally  to  that  of  the  to-be-formed  casting  is 
inserted  into  the  casting  mold.  Next,  a  slide  gate  on 
the  tundish  is  opened  and  the  molten  metal  within 
the  tundish  flows  out  through  the  exit  port  into  the 
casting  mold  and  welds  to  the  starter  bar.  The 
drive  motors  then  initiate  the  desired  casting  mo- 
tion  for  the  casting  system  and  the  process  begins. 

The  motion  of  the  casting  which  is  forming 
within  the  casting  mold  comprises  a  series  of  mo- 
tions  in  accordance  with  a  predetermined  motion 
profile.  The  motion  profile  most  commonly  used 
includes  a  series  of  short  forward  motions  referred 
to  as  casting  strokes.  In  a  preferred  system  each 
forward  motion  is  followed  by  a  short  reverse  mo- 
tion.  Thus,  in  the  preferred  motion  profile  for  a 
horizontal  continuous  casting  operation,  a  series  of 
motion  cycles  occur,  each  of  which  includes  a 
forward  casting  stroke  followed  by  a  brief  reverse 
movement. 

Once  the  casting  system  has  begun  its  steady 
state  operation,  the  various  parameters  of  the  cast- 
ing  process  must  be  carefully  controlled  to  provide 
optimum  castings.  It  is  important  that  these  various 
parameters  are  rapidly  and  precisely  interrelated 
and  controlled  to  provide  quality  castings.  In  order 
to  obtain  precise  control  of  the  motion  of  the  cast- 
ing,  it  has  been  proposed  to  utilize  a  computerized 
continuous  casting  system.  Thus,  Kosco,  U.S.  Pat- 
ent  No.  3,614,978  discloses  a  computerized  con- 
tinuous  casting  system  control  responsive  to  strand 
position.  In  the  system  of  the  Kosco  patent,  the 
motor  driving  the  casting  is  always  going  forward 
and,  additionally,  the  system  is  based  on  positional 
control.  As  a  result,  the  system  cannot  be  utilized 
with  a  casting  system  having  a  series  of  forward 
and  reverse  motions.  Further,  as  a  result  of  the 

positional  control  features,  the  system  is  relatively 
slow  and  complex  when  the  motion  control  is  tied 
into  the  operating  parameters  such  as  furnace  tem- 
perature,  coolant  flow,  coolant  temperature,  and  the 

5  like  of  the  caster. 
Accordingly,  there  is  a  need  for  a  motion  con- 

trol  system  for  utilization  with  horizontal  continuous 
casters  which  is  simplified,  rapid,  and  which  per- 
mits  precise  motion  control  even  when  tied  into  the 

w  operating  parameters  of  the  caster. 

Summary  of  the  Invention 

75  It  is  a  general  object  of  the  present  invention  to 
provide  an  improved  motion  control  system  for  a 
horizontal  continuous  casting  system.  It  is  a  more 
particular  Object  of  the  present  invention  to  provide 
an  improved  motion  control  system  for  horizontal" 

20  continuous  casting  which  is  particularly  advanta- 
geous  in  controlling  single  or  multiple  strand  hori- 
zontal  continuous  casting  systems  in  a  precise 
manner. 

In  accordance  with  the  present  invention,  there 
25  is  provided,  in  combination,  a  motion  control  sys- 

tem  and  a  single  or  multiple  strand  horizontal  con- 
tinuous  caster  having  furnace  means;  molds  and 
aftercoolers;  and  drive  means  driven  by  an  electric 
motor,  preferably  a  DC  torque  motor.  The  motion 

30  control  system  comprises  a  closed  loop  control 
system  operative  upon  an  electric  motor  for  each 
strand  of  the  caster.  Thus,  an  encoder  is  coupled 
to  the  output  shaft  of  the  electric  drive  motor.  A 
sensor  coupled  to  the  encoder  provides  an  output 

35  signal  indicative  of  the  rotational  motion  of  the  drive 
motor.  A  computer  control  system  receives  infor- 
mation  and  produces  a  series  of  signals  corre- 
sponding  to  the  desired  motion  profile  or  motion 
cycle  to  be  used  in  the  casting  process.  A  detector 

40  system  within  the  control  loop  responds  to  the 
encoder  output  and  to  a  sample  of  the  desired 
motion  profile  cam,  and  produces  the  appropriate 
output  signal  to  be  applied  to  the  drive  motor  to 
achieve  the  desired  motion.  The  output  signal  is 

45  amplified  by  a  motor  drive  amplifier  to  a  power 
level  sufficient  to  operate  the  system's  drive  motor. 
The  computer  system  receives  information  and  up- 
dates  the  process  control  displays  in  real  time  on  a 
velocity  versus  time  profile  of  the  drive  motor.  The 

so  system,  based  primarily  on  hardware,  not  software, 
gives  real-time  control  and  is  extremely  rapid  and 
accurate. 

Brief  Description  of  the  Drawing 
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The  invention,  together  with  further  objects  and 
advantages  thereof,  may  best  be  understood  by 
reference  to  the  following  description  taken  in  con- 
junction  with  the  accompanying  drawing.  In  the 
drawing,  like  reference  numerals  identify  like  ele- 
ments  and  in  which  - 

FIGURE  1  illustrates  the  general  arrangement  of 
a  horizontal  continuous  billet  caster; 
FIGURE  2  is  a  block  diagram  of  the  motion 
control  system  based  on  velocity/time  for  use 
with  the  billet  caster  of  FIGURE  1  ; 
FIGURE  3  is  a  detailed  view  of  velocity/time 
stroke  of  the  motion  control  system  of  FIGURE 
2; 
FIGURE  4  is  an  isolated  view  of  a  display  of  a 
computed  cam  and  actual  cam  of  the  motion 
control  system  of  FIGURE  2; 
FIGURE  5  is  a  detailed  block  diagram  of  the 
TS2  computer  shown  in  FIGURE  2,  and 
FIGURE  6  is  a  block  diagram  of  a  motion  control 
system  of  the  present  invention  for  a  three- 
strand  horizontal  continuous  caster. 

mold.  One  or  more  pullers  with  a  DC  torque  motor 
1  1  are  operatively  coupled  to  the  emerging  casting 
and  provide  the  desired  motion  of  the  casting.  A 
cut-off  torch  8  is  10-cated  downstream  of  the  pull- 

5  ers  which  functions  to  cut  the  strands  into  proper 
lengths.  As  shown  in  FIGURE  1,  an  encoder  13  is 
connected  to  the  shaft  12  of  torque  motor  11.  This 
encoder  is  the  beginning  of  the  motion  control 
system. 

w  The  primary  duty  of  the  motion  control  system 
is  to  precisely  control  the  DC  motor  pullers  in  order 
to  provide  precise  extraction  and  solidification  of 
steel  during  casting  and  to  monitor  and  control  all 
the  hydraulic,  pneumatic,  and  temperatures  critical 

75  to  proper  casting  conditions.  A  preferred  form  of 
the  motion  control  system  of  the  present  invention, 
as  best  shown  in  FIGURES  2,  3,  4  and  5,  is 
generally  comprised  of  three  AT  type  computers 
with  an  Intel  80386  architecture.  In  each  of  the  AT 

20  computers  are  several  "stand  alone"  single  board 
computers  dedicated  to  specific  tasks.  Each  of  the 
single  board  computers  provides  its  own  bus  and 
external  connections  to  the  external  components 
which  interface  to  a  controller  card.  The  three  AT 

25  type  computers  are  named  according  to  their  pri- 
mary  function  - 

1  .  PCS  -  Process  Control  Screens 
2.  TS1  -  Touchscreen  Interface  #1 
3.  TS2  -  Touchscreen  Interface  #2 

30 

The  PCS  -  Process  Control  Screens 

The  PCS  computer  preferably  contains  ultra- 
35  fast,  high  resolution  (1280  x  1024)  display  control- 

lers  which  receive  information  from  the  AT  bus  and 
update  the  process  control  displays  in  real  time. 
These  displays  are  nearly  as  fast  as  a  real  time 
oscilloscope  and  display  velocity  versus  time  pro- 

40  files  of  each  motor  which  is  casting  steel,  i.e.,  one 
motor  for  each  strand.  This  display  is  essential  for 
monitoring  the  proper  extraction  and  solidification 
of  the  steel  during  casting.  Additionally,  the  display 
can  be  designed,  as  desired,  to  show  - 

45  1.  Production  rates 
2.  Commanded  curve  versus  actual  curve 
3.  Following  error 
4.  Actual  motor  torque  curve 
5.  Motor  torque  average  bar  graph 

so  6.  Foil-wing  error  bar  graph 
7.  Actual  pullout  length 
8.  Actual  pushback  length 
The  PCS  computer  receives  its  information 

from  an  interface  board  which  latches  all  of  the 
55  encoder  edges  in  both  directions  which  is  attached 

to  the  motor  shaft  of  the  drive  motor  for  the  strand 
being  cast.  The  motor  amplifier  also  provides  a  DC 
output  proportional  to  the  motor  current.  This  is 

Detailed  Description  of  Invention  and  Preferred  Em- 
bodiment 

Referring  to  FIGURE  1  of  the  drawing,  a  tun- 
dish  and  tundish  car  1  having  an  interior  insulated 
reservoir  is  provided  having  an  exit  port  2  usually 
near  the  bottom  surface  of  the  tundish.  A  slide  gate 
3  is  supported  in  proximity  to  the  exit  or  discharge 
port  of  the  tundish  to  permit  the  tundish  to  be 
opened  or  closed  as  needed.  A  refractory  material, 
not  shown,  lines  the  interior  of  the  tundish  and 
protects  the  tundish  structure  against  the  molten 
metal  supported  therein.  One  or  more  ceramic  ele- 
ments  or  nozzles,  not  shown,  are  provided  within 
the  tundish  discharge  orifice  to  provide  an  appro- 
priate  interface  to  the  remainder  of  the  casting 
system.  An  elongated  mold  and  aftercoolers  4, 
having  a  center  passage  therethrough  configured  to 
have  a  cross-section  corresponding  to  that  desired 
in  the  to-be-formed  casting,  are  supported  in  a 
coupling  arrangement  to  the  slide  gate  3  and  noz- 
zle  against  the  tundish.  The  mold  and  aftercoolers 
includes  a  surrounding  cooling  system  which  pro- 
vides  for  a  substantial  flow  of  coolant  such  as  water 
about  the  exterior  surfaces  of  the  mold  passage. 
The  mold  is  generally  formed  of  copper  or  other 
metal  having  a  high  thermal  conductivity.  A  fluid 
control  system  is  operative  upon  the  casting  mold 
to  provide  the  necessary  coolant  flow  in  and  about 
the  exterior  of  the  mold  casting  passage.  At  the 
discharge  or  exit  portion  of  the  casting  mold,  a 
series  of  support  rollers  7  are  arranged  in  a  gen- 
erally  linear  path  to  support  and  provide  a  rolling 
surface  for  the  casting  as  it  exits  from  the  casting 
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input  to  the  interface  board,  and  then  converted  to 
an  actual  motor  torque  display.  The  system  utilizes 
Startup  Cams.  Thus,  there  can  be  as  many  as 
eight  alloy  banks  of  eight  each  which  provide  pre- 
programmed  extraction  and  pause  profiles  used 
when  first  starting  the  cast.  A  unique  feature  of  the 
system  is  the  use  of  single  board  computers  which 
provide  dedicated  control  systems  for  very  fast 
realtime  control  of  a  specific  task.  The  cam  genera- 
tion  and  touchscreen  interface  provide  instanta- 
neous  regeneration  of  cam  profiles  during  casting. 
The  digital  process  displays  provide  oscilloscope- 
type  waveforms  of  velocity  profiles  as  well  as  color 
text  and  bar  graph  information  not  available  from 
an  oscilloscope.  The  PLC  and  data  acquisition 
computers  provide  all  required  elements  for  a  com- 
plete  system  integral  within  the  control  system  so 
that  no  additional  equipment  is  required  at  plant 
installation. 

A  separate  monitor  displays  line  trends  of  ther- 
mocouple  and  temperatures  of  casting  molds,  wa- 
ter  temperatures  of  the  coolers,  and  material  han- 
dling  equipment.  This  information  is  received 
through  a  communications  link  with  the  other  two 
AT  type  computers,  TS1  and  TS2. 

control  computer  for  each  casting  motor.  The  sin- 
gle  board  computers  receive  through  a  dual  port 
ram  interface  the  desired  velocity  profile  for  a  cast- 
ing  motor,  and  at  1  millisecond  update  rates  pre- 

5  cisely  control  the  extraction  and  pushback  for  each 
casting  stroke.  The  operator  interface  is  also  a 
touchscreen  which  provides  instantaneous  genera- 
tion  and  performance  of  cams  which  can  be  cus- 
tomized  according  to  the  specific  alloy  to  be  cast. 

w  These  cams  are  stored  in  three  different  banks 
according  to  their  function,  i.e.,  a  Custom  Cam 
which  is  a  single  cam  which  allows  an  operator  to 
instantaneously  change  any  of  several  parameters 
which  define  a  cam  in  order  to  optimize  the  casting 

75  profile  for  an  alloy  in  experimentation;  a  Quick 
Select  Cam  which  is  eight  alloy  banks  of  eight 
cams  in  each  bank  which  allow  the  operator  to 
quickly  go  from  any  of  the  eight  different  pre- 
generated  cams. 

20  The  entire  control  system  is  generally  shown  in 
FIGURE  2.  The  encoder  13  sends  pulses  simulta- 
neously  to  a  motion  controller  and  to  an  encoder 
and  amplifier  input  board.  The  motion  controller,  in 
turn,  sends  a  motion  command  signal  to  amplifier 

25  which  is  operatively  connected  to  puller  motor.  The 
amplified  command  signal  sends  a  current  torque 
output  reading  to  the  encoder  and  amplifier  input 
board.  The  motion  controller  also  sends  a  signal  to 
the  start-of-stroke  board.  The  boards  simultaneous- 

30  ly  feed  to  an  input/output  board  which,  in  turn, 
provides  production  performance  calculations 
which  are  fed  to  PCS  programmer.  The  PCS  pro- 
grammer  receives  temperatures  for  trend  display 
from  the  TS2  computer,  best  shown  in  FIGURE  5. 

35  The  PCS  program  sends  signals  through  the  VGA 
color  display  and  to  a  cam  display  for  the  puller 
motor.  The  TS1  computer  menu  parameters  are 
also  fed  to  the  motion  controller. 

FIGURE  3  displays  in  graphic  form  a  stroke 
40  cycle  of  the  puller  motor.  Thus,  at  the  start  of  the 

stroke  the  motion  is  in  a  forward  direction,  followed 
by  a  short  reverse  motion,  and  then  a  pause  before 
beginning  the  next  cycle.  As  shown  in  FIGURE  3,  a 
stroke  period  is  fifteen  milliseconds.  During  the 

45  fifteen  milliseconds,  the  strand  being  cast  is  moved 
forward  for  a  period  of  nine  seconds,  and  is  moved 
in  reverse  for  three  seconds,  followed  by  a  three- 
second  pause  before  beginning  the  next  stroke. 
The  system  simultaneously  checks  and  adjusts  at 

50  least  four  functions,  i.e.,  proportional,  integral,  dif- 
ferential,  and  feed  forward.  As  a  result,  the  actual 
performance  of  the  system  is  extremely  close  to 
the  predetermine  profile. 

FIGURE  4  shows  a  display  including  the  com- 
55  manded  or  computed  cam  curve  versus  actual 

curve  or  actual  cam  of  the  caster.  Additionally, 
FIGURE  4  illustrates  the  sum  of  differences  be- 
tween  the  commanded  curve  versus  actual  curve 

The  TS2  -  Touchscreen  Interface  #2 

The  TS2  has  one  VGA  (640  x  480  resolution) 
color  display  which  has  touchscreen  capabilities  so 
that  when  the  graphic  system  display  is  touched,  it 
provides  control  of  all  external  system  components 
such  as  pumps,  solenoids,  argon  pressure  in  fur- 
nace,  air  pressures,  water  flow  rates,  furnace  tem- 
peratures,  utilities  for  specifying  the  type  of  equip- 
ment  attached  to  the  system,  as  well  as  the  diam- 
eter  of  steel  being  produced,  the  specific  density  of 
the  steel,  and  self-diagnostic  routines  in  order  to 
troubleshoot  maintenance  problems. 

This  computer  also  has  single  board  comput- 
ers  for  programmable  logic  controllers  and  data 
acquisition  controllers  which  act  as  stand-alone 
computers  on  a  card  and  receive  information 
through  a  dual  port  RAM  in  order  to  interface  to  the 
host  AT.  A  printer  is  also  attached  to  TS2  for  run- 
time  logging  of  all  events  and  data  during  casting. 
All  thermocouples,  flow  rates,  and  events  such  as 
solenoids,  pumps,  and  casting  motor  information 
are  stored  as  well  as  communicated  to  the  other 
two  computers  in  the  system. 

The  TS1  -  Touchscreen  Interface  #1 

The  TS1  is  an  important  computer  in  the  cast- 
ing  operation.  It  contains  a  stand-alone 
proportional-integraldifferential  (PID)  loop  motion 
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which  is  defined  as  the  following  error  shown  in  bar 
graph  form.  The  display  also  shows  the  actual 
motor  torque  curve  and  a  motor  torque  average  bar 
graph.  Accordingly,  at  all  times  the  critical  features 
of  the  casting  operation  are  displayed. 

FIGURE  5  is  a  detailed  illustration  of  the  TS2 
computer  which  provides  data  to  the  PCS  program 
as  shown  in  FIGURE  2.  As  shown  in  FIGURE  5,  the 
computer  displays  simultaneously  and  controls  pa- 
rameters  such  as  furnace  temperature,  water  flow 
shutdown,  billet  size,  and  includes  a  menu  control 
for  the  screens,  keyboards,  bar  graphs,  realtime 
clock,  and  plots  data. 

FIGURE  6  sets  forth  a  control  system  10  for  a 
multistrand  horizontal  continuous  casting  operation. 
Torque  drive  motor  11  includes  an  output  shaft  12 
which  supports  an  optical  encoder  13.  While  not 
shown  in  FIGURE  6,  it  should  be  understood  that 
output  shaft  12  is  coupled  to  appropriate  drive 
rollers  and  associated  mechanisms  for  imparting 
motion  to  a  casting  strand  as  described  in  refer- 
ence  to  FIGURE  1.  Encoder  13  defines  a  conven- 
tional  optical  encoder  having  a  rotary  member 
coupled  to  shaft  12  and  rotatable  therewith.  En- 
coder  13  further  includes  an  output  terminal  14 
producing  an  output  signal  corresponding  to  the 
motion  of  shaft  12.  A  detector  30  includes  a  pair  of 
input  terminals  31  and  32  and  an  output  terminal 
33.  Output  terminal  14  of  encoder  13  is  coupled  to 
input  31  of  detector  30.  Detector  30  provides  a 
comparison  of  the  input  signals  applied  to  inputs 
31  and  32  thereof  and  produces  an  output  signal  at 
output  33  indicative  of  the  relationship  there- 
between.  A  power  amplifier  15  constructed  in  ac- 
cordance  with  conventional  fabrication  techniques 
includes  an  input  terminal  20  coupled  to  output  33 
of  detector  30  and  an  output  terminal  21  coupled  to 
motor  11.  Encoder  13,  detector  30,  and  amplifier 
15  cooperate  to  form  a  proportional  integral  dif- 
ferential  control  loop  (PID)  operative  upon  motor 
11. 

A  second  motor  40  includes  an  output  shaft  41 
coupled  to  an  encoder  42.  Encoder  42  is  con- 
structed  in  accordance  with  conventional  fabrication 
techniques  and  includes  an  output  terminal  43.  A 
detector  50  constructed  in  accordance  with  con- 
ventional  fabrication  techniques  includes  a  pair  of 
input  terminals  51  and  52  and  an  output  terminal 
53.  An  amplifier  44  constructed  in  accordance  with 
conventional  fabrication  techniques  includes  an  in- 
put  terminal  45  coupled  to  output  terminal  53  of 
detector  50  and  an  output  terminal  46  coupled  to 
motor  40.  Encoder  42,  detector  50,  and  amplifier 
44  cooperate  to  form  a  PID  loop  operative  upon 
motor  40. 

A  motor  60  constructed  in  accordance  with 
conventional  fabrication  techniques  includes  an  out- 
put  shaft  61  supporting  an  optical  encoder  62. 

Encoder  62  includes  an  output  terminal  63.  A  de- 
tector  64  includes  a  pair  of  input  terminals  65  and 
66  and  an  output  terminal  67.  An  amplifier  70 
constructed  in  accordance  with  conventional  fab- 

s  rication  techniques  includes  an  input  terminal  71 
coupled  to  output  67  of  detector  64  and  an  output 
72  coupled  to  motor  60.  Encoder  62,  detector  64, 
and  amplifier  70  cooperate  to  form  a  PID  loop 
operative  upon  motor  60. 

10  A  cam  storage  and  selection  processor  100 
includes  a  trio  of  output  terminals  103,  104  and  105 
coupled  to  input  terminals  32,  52  and  66  of  detec- 
tors  30,  50  and  64,  respectively.  A  memory  101 
having  stored  therein  a  plurality  of  digitally  en- 

75  coded  motion  profile  cams  is  coupled  to  cam  pro- 
cessor  100  by  a  connection  102.  A  display  control- 
ler  constructed  in  accordance  with  conventional 
fabrication  techniques  is  coupled  to  cam  processor 
100  by  a  connection  106.  A  display  113  is  coupled 

20  to  display  controller  110  by  a  connection  111  and  a 
cam  input  device  114  is  coupled  to  display  control 
110  by  a  connection  102. 

In  response  to  user  inputs  from  cam  input  114, 
display  controller  110  and  cam  processor  100  co- 

25  operate  to  provide  a  trio  of  casting  profiles  or  cams 
which  are  applied  to  inputs  32,  52  and  66  of 
detectors  30,  50  and  64.  In  response  to  inputs  at 
cam  input  114,  cam  processor  100  may  alter- 
natively  retrieve  the  desired  cam  profiles  from 

30  memory  101  or  produce  a  specifically  structured 
cam  profile  provided  by  the  user.  In  any  event, 
display  controller  110  provides  a  display  on  display 
113  of  the  operative  cams  applied  to  detectors  30, 
50  and  64. 

35  A  display  controller  122  includes  an  input  123 
coupled  to  output  14  of  encoder  13,  an  input  124, 
an  input  125  coupled  to  output  103  of  cam  proces- 
sor  100,  and  an  output  121.  A  display  120  is 
coupled  to  display  control  1  22. 

40  A  display  controller  132  has  an  input  133  coup- 
led  to  output  43  of  encoder  42,  an  input  134,  an 
input  135  coupled  to  output  104  of  cam  processor 
100,  and  an  output  136.  A  display  130  has  an  input 
131  coupled  to  output  136  of  display  controller  132. 

45  A  display  controller  142  includes  an  input  143 
coupled  to  output  63  of  encoder  62,  an  input  144, 
an  input  45  coupled  to  output  105  of  cam  proces- 
sor  100,  and  an  output  146.  A  display  140  includes 
an  input  141  coupled  to  output  146  of  display 

so  controller  142. 
Display  controller  122  provides  an  appropriate 

set  of  control  signals  for  operation  of  display  120. 
Display  120  in  turn,  in  its  preferred  form,  comprises 
a  high  resolution  video  display  such  as  a  raster 

55  scanner  CRT.  Similarly,  display  control  132  pro- 
vides  appropriate  display  signals  to  display  130 
while  display  control  142  provides  appropriate  con- 
trol  signals  for  display  140. 
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A  motor  systems  processor  80  includes  an 
input  terminal  81  coupled  to  output  terminal  103  of 
cam  processor  100,  an  input  terminal  82  coupled  to 
output  terminal  14  of  encoder  13,  an  input  terminal 
83  coupled  to  output  terminal  104  of  processor 
100,  an  input  terminal  84  coupled  to  output  termi- 
nal  43  of  encoder  42,  an  input  terminal  85  coupled 
to  output  terminal  105  of  cam  processor  100,  and 
an  input  terminal  86  coupled  to  output  terminal  63 
of  encoder  62.  Motor  systems  processor  80  further 
includes  input  terminals  87,  88  and  89  coupled  to 
terminals  22,  47  and  73,  respectively,  of  amplifiers 
15,  44  and  70.  Motor  system  processor  80  further 
includes  a  trio  of  output  terminals  90,  91  and  92 
coupled  to  inputs  124,  134  and  144  of  display 
controllers  122,  132  and  142,  respectively. 

A  control  system  150  which  inputs  information 
to  processor  80  includes  an  input  terminal  154  and 
a  plurality  of  output  terminals  151,  152  and  153.  A 
coolant  system  155  constructed  in  accordance  with 
conventional  fabrication  techniques  is  operative 
upon  the  system  casting  molds  (not  shown)  to 
provide  the  desired  coolant  transfer  and  flow 
through  the  casting  molds.  Coolant  system  155 
includes  an  input  terminal  158  coupled  to  output 
153  of  control  system  150.  A  roller  control  156  is 
operative  upon  the  casting  system  (not  shown)  in 
accordance  with  conventional  fabrication  tech- 
niques  to  apply  a  plurality  of  rollers  to  the  system 
castings.  Roller  control  156  includes  an  input  159 
coupled  to  output  152  of  control  system  150.  A 
furnace  heating  system  157,  constructed  in  accor- 
dance  with  conventional  fabrication  techniques  and 
operative  to  heat  the  system  furnace  (not  shown), 
includes  an  input  terminal  160  coupled  to  output 
terminal  151  of  control  system  150.  Control  system 
150  functions  in  response  to  input  control  signals 
applied  to  terminal  154  to  produce  the  appropriate 
output  signals  communicated  to  coolant  system 
155,  roller  control  156  and  furnace  heating  system 
157.  A  display  controller  170  includes  a  trio  of  input 
terminals  176,  177,  and  178  coupled  to  output 
terminals  151,  152  and  153,  respectively,  of  control 
system  150.  Display  controller  170  further  includes 
a  trio  of  input  terminals  173,  174  and  175.  Display 
controller  170  further  includes  an  output  terminal 
172  and  an  output  terminal  171.  A  display  180 
constructed  in  accordance  with  conventional  fab- 
rication  techniques  includes  an  input  terminal  181 
coupled  to  terminal  172  of  display  controller  170 
and  an  input  182.  A  printer  185  constructed  in 
accordance  with  conventional  fabrication  tech- 
niques  includes  an  input  187  coupled  to  output  171 
of  display  controller  170.  An  input  device  165  in- 
cludes  an  output  167  coupled  to  input  182  of 
display  180,  and  an  output  168  coupled  to  input 
186  of  printer  185.  A  casting  temperature  sensing 
system  190  includes  a  plurality  of  temperature 

sensing  devices  (not  shown)  for  monitoring  the 
temperature  of  various  selected  points  within  the 
casting  system.  Casting  temperature  sensor  190 
includes  an  output  193  coupled  to  input  173  of 

5  display  controller  170.  A  coolant  flow  sensor  191 
includes  apparatus  for  sensing  the  flow  rates  of 
coolant  within  coolant  system  155  and  includes  an 
output  194  coupled  to  input  174  of  display  control- 
ler  170.  A  coolant  temperature  sensing  system  192 

w  includes  a  plurality  of  temperature  sensors  oper- 
ative  upon  coolant  system  155  for  monitoring  the 
coolant  temperature  therein  at  selected  points  with- 
in  the  system.  Coolant  temperature  sensing  system 
192  includes  an  output  195  coupled  to  input  175  of 

75  display  controller  170.  A  strip  chart  display  205 
includes  a  video  display  and  an  input  206.  A  dis- 
play  control  200  includes  an  output  202  coupled  to 
input  206  of  display  205  and  an  input  201  coupled 
to  display  controller  170. 

20  In  operation,  cam  input  114  is  used  by  the 
operator  to  provide  the  appropriate  signals  to  dis- 
play  control  110  and  cam  processor  100  to  output 
the  desired  cam  profiles  for  operation  of  motors  1  1  , 
40  and  60.  As  mentioned,  input  114  may  provide 

25  signals  at  the  operator's  choice  which  alternatively 
provide  profile  cams  which  are  standardized  and 
stored  within  memory  101  or  which  are  custom 
configured  for  the  particular  alloy  or  metal  being 
cast  at  the  time.  In  either  event,  the  output  signals 

30  of  cam  processor  100  which  consists  of  the  three 
desired  cam  profiles  for  motors  1  1  ,  40  and  60  are 
applied  to  detectors  30,  50  and  64,  respectively. 
Thereafter,  in  accordance  with  the  operation  of  the 
PID  control  loops  described  above  operative  upon 

35  motors  1  1  ,  40  and  60,  the  appropriate  output  signal 
is  provided  by  detectors  30,  50  and  64  and  am- 
plified  by  amplifiers  15,  44  and  70,  respectively,  to 
drive  motors  1  1  ,  40  and  60.  Concurrently,  the  out- 
put  of  cam  processor  100  is  applied  to  display 

40  control  circuits  122,  132  and  142  causing  the  cam 
profiles  for  motors  11,  40  and  60,  respectively,  to 
be  displayed  upon  displays  130,  120  and  140, 
respectively.  In  addition,  the  output  signals  of  en- 
coders  13,  42  and  62  are  similarly  applied  to 

45  display  controllers  122,  132  and  142,  respectively. 
The  latter  coupling  permits  the  simultaneous  dis- 
play  of  the  actual  motion  profile  of  motors  11,  40 
and  60  upon  displays  120,  130  and  140,  respec- 
tively.  Thus,  during  the  basic  system  operation, 

50  displays  120,  130  and  140  are  provided  with  in- 
formation  suitable  for  displaying  both  the  desired 
cam  profile  and  the  actual  resulting  casting  motion 
for  each  of  the  individual  casting  strands. 

In  addition  to  producing  amplified  drive  signals 
55  for  motors  11,  40  and  60,  amplifiers  15,  44  and  70, 

respectively,  each  provide  motor  current  indicative 
signals  which  are  coupled  to  inputs  87,  88  and  89, 
respectively,  of  motor  systems  processor  80.  In 
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tinuous  caster,  said  caster  including  furnace 
means,  mold  means  for  molding  a  casting,  and 
means  for  drawing  a  casting  from  said  caster  in- 
cluding  an  electric  motor  having  a  drive  shaft;  said 

5  control  system  comprising  encoder  means  con- 
structed  and  arranged  with  the  shaft  of  said  electric 
motor  and  a  closed  loop  control  system  including 
said  encoder  and  comprising  a  motion  controller 
and  an  encoder/amplifier  input  board  constructed 

w  and  arranged  to  each  receive  a  signal  from  said 
encoder;  said  motion  controller  constructed  and 
arranged  to  provide  command  signals  to  amplifier 
means  associated  with  said  electric  drive  motor, 
and  to  provide  pulses  to  a  start-of-stroke  board; 

75  said  encoder  and  amplifier  input  board  and  start-of- 
stroke  board  feeding  signals  to  an  input/output 
board  which,  in  turn,  feeds  a  process  control  pro- 
gram;  said  process  control  program,  in  turn,  send- 
ing  signals  to  a  display  means;  said  system  si- 

20  multaneously  providing  a  computed  cam  motion 
profile  and  means  for  controlling  the  operation  of 
the  caster  so  that  the  actual  motion  profile  of  the 
caster  follows  the  predetermined  cam  profile. 
2.  The  combination  of  claim  1  wherein  said  electric 

25  drive  motor  is  a  torque  motor. 
3.  A  motion  control  system  for  controlling  the  mo- 
tion  of  a  system  such  as  a  horizontal  continuous 
caster  comprising  encoder  means  constructed  and 
arranged  with  the  shaft  of  an  electric  motor  and  a 

30  closed  loop  control  system  including  said  encoder 
and  comprising  a  motion  controller  means  and  an 
encoder/amplifier  input  board  constructed  and  ar- 
ranged  to  each  receive  a  signal  from  said  encoder; 
said  motion  controller  means  constructed  and  ar- 

35  ranged  to  provide  command  signals  to  amplifier 
means  associated  with  said  electric  drive  motor, 
and  to  provide  pulses  to  a  start-of-stroke  board; 
said  encoder  and  amplifier  input  board  and  start-of- 
stroke  board  feeding  signals  to  an  input/output 

40  board  which,  in  turn,  feeds  a  process  control  pro- 
gram;  said  process  control  program,  in  turn,  send- 
ing  signals  to  a  display  means;  said  system  si- 
multaneously  providing  a  computed  cam  motion 
profile  and  means  for  controlling  the  operation  of 

45  the  apparatus  being  controlled  so  that  the  actual 
motion  profile  of  the  apparatus  follows  the  pre- 
determined  cam  profile. 
4.  The  motion  control  system  of  claim  3  wherein 
said  electric  drive  motor  is  a  torque  motor. 

50 

addition,  the  outputs  of  encoders  13,  42  and  62  as 
well  as  the  desired  cam  profiles  are  similarly  input- 
ted  to  motor  system  processor  80.  Processor  80 
responds  to  the  above-described  input  signals  to 
produce  performance  information  on  each  of  mo- 
tors  11,  40  and  60  which  is  coupled  to  display 
controllers  122,  132  and  142,  respectively.  As  a 
result,  display  120,  130  and  140  may  display  addi- 
tional  information  regarding  motor  performance  and 
caster  operation. 

Control  system  150  is  operative  to  control  the 
functions  of  coolant  system  155,  roller  control  sys- 
tem  156,  and  furnace  heating  system  157  through 
conventional  electromechanical  control  mecha- 
nisms.  Control  system  150  responds  to  the  input 
instructions  received  from  input  device  165.  Thus, 
the  operator  may  select  the  desired  operations  of 
coolant  system  155,  roller  control  system  156,  or 
furnace  heating  system  157  and  implement  that 
operation  directly  through  control  system  1  50.  Con- 
currently,  input  165  is  operative  to  configure  dis- 
play  180  to  show  the  operation  of  the  casting 
system.  In  its  preferred  form,  input  165  and  display 
180  may  be  combined  in  the  form  of  a  touch 
screen  display  such  as  the  presently  available 
infra-red  detecting  touch  screen  devices.  Display 
controller  170  receives  information  regarding  the 
performance  of  coolant  system  155,  roller  control 
156,  and  furnace  heating  system  157  through  the 
operation  of  casting  temperature  sensor  190,  cool- 
ant  flow  sensor  191,  and  coolant  temperature  sen- 
sor  192.  Display  controller  170  processes  the  input 
information  to  produce  an  appropriate  input  signal 
to  display  controller  200.  Display  controller  200  in 
turn  applies  the  received  information  to  strip  chart 
display  205.  Strip  chart  display  205  includes  a 
conventional  video  display  terminal  such  as  a  CRT 
which  in  accordance  with  an  important  aspect  of 
the  present  invention  is  operative  to  produce  a 
display  indicative  of  the  casting  system  operation 
on  a  real  time  basis.  Thus,  strip  chart  display  205 
includes  a  display  having  a  strip  chart  character 
which  is  operative  on  a  real  time  basis  indicating 
system  performance  over  a  predetermined  interval. 

While  particular  embodiments  of  the  invention 
have  been  shown  and  described,  it  will  be  obvious 
to  those  skilled  in  the  art  that  changes  and  modi- 
fications  may  be  made  without  departing  from  the 
invention  in  its  broader  aspects.  Therefore,  the  aim 
in  the  appended  claims  is  to  cover  all  such 
changes  and  modifications  as  fall  within  the  true 
spirit  and  scope  of  the  invention. 

Claims 

1  .  In  combination,  a  control  system  for  controlling  a 
horizontal  continuous  caster  and  a  horizontal  con- 

55 
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