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Description (e.g.,  the  source  of  heating  or  cooling),  but  also  by 
the  physical  size  of  the  environmental  chamber  as 
well  as  the  rate  of  transfer  of  energy  between  the 
environmental  chamber  and  its  external  environ- 

5  ment.  In  the  automatic  automotive  speed  control 
example,  the  degree  to  which  the  velocity  may  be 
controlled  is  determined  not  only  by  the  amount 
of  torque  the  source  of  energy  (e.g.,  the  auto- 
motive  engine)  is  capable  of  producing,  but  also 

w  by  the  characteristics  of  the  corresponding  auto- 
motive  transmission  system  as  well  as  numerous 
other  factors  relating  to  the  environment,  e.g., 
level  of  the  road,  wind  velocity  and  direction,  etc. 
In  the  example  relating  to  the  electrical  switching 

15  power  supply,  the  degree  to  which  the  output 
voltage  may  be  accurately  controlled  is  deter- 
mined  not  only  by  the  source  of  energy,  e.g.,  the 
amount  of  current  capable  of  being  supplied  to 
the  storage  element  by  the  switching  element,  but 

20  also  by  the  electrical  capacitance  of  the  electrical 
storage  element,  as  well  as  the  electrical  load 
presented  by  the  electrical  environment  con- 
nected  to  the  output  of  the  switching  power 
supply. 

25  It  is  generally  desirable  that  the  parameter  of 
interest  produced  by  the  source  of  energy  be 
equal  to  a  desired  value.  As  the  parameter  of 
interest  produced  by  the  source  of  energy  is 
generally  responsive  to  a  control  signal  to  the 

30  source  of  energy,  the  parameter  of  interest  is 
therefore  susceptible  of  control  by  controlling  the 
control  signal  to  the  source  of  energy.  In  such  a 
control  arrangement  the  parameter  of  interest  is 
generally  measured  and  compared  against  a 

35  desired  value.  Thereafter  the  control  signal  to  the 
source  of  energy  is  dynamically  adjusted  to  effect 
agreement  between  the  parameter  of  interest  and 
the  desired  value. 

However,  as  previously  discussed  the  degree  to 
40  which  the  parameter  of  interest  may  be  accurately 

controlled  is  frequently  limited  by  a  number  of 
factors,  the  net  result  of  which  are  performance 
limitations. 

One  such  performance  limitation  involves  the 
45  amount  of  time  required  to  respond  to  a  change 

in  either  the  desired  value  or  the  parameter  of 
interest  produced  by  the  source  of  energy.  Again, 
an  example  will  serve  to  illustrate  the  concept 
involved  herein.  In  considering  the  example 

so  involving  the  temperature  control  system  pre- 
viously  discussed,  if  the  environmental  chamber 
were  subjected  to  a  relatively  large  change  in 
temperature,  a  finite  amount  of  time  would  be 
required  for  the  source  of  energy,  i.e.,  the  source 

55  of  heating  or  cooling,  to  readjust  the  parameter  of 
interest,  i.e.,  the  temperature  within  the  environ- 
mental  chamber,  to  the  desired  value.  In  a  similar 
fashion,  if  the  pressure  within  the  controlled 
environment  previously  discussed  were  abruptly 

eo  changed,  a  finite  amount  of  time  would  be 
required  for  the  source  of  energy,  i.e.,  the  vacuum 
pump,  to  readjust  the  quantity  of  interest,  i.e.,  the 
vacuum  within  the  controlled  environment,  to  the 
desired  value  of  atmospheric  pressure.  Similar 

65  situations  would  exist  in  connection  with  the 

This  invention  relates  to  servo  control  systems, 
and  particularly  to  systems  wherein  inertia 
inherent  in  the  operation  of  the  system  is  a 
detrimental  response  limiting  factor. 

In  dealing  with  servo  systems  there  is,  broadly 
speaking,  a  motive  force  element  which  produces 
a  parameter  of  interest.  Generally,  it  is  desirable 
to  maintain  the  parameter  of  interest  at  a  defined 
value.  It  should  be  observed  that  the  relationship 
between  the  parameter  of  interest  and  the  source 
of  energy  may  vary  considerably.  A  few  examples 
will  be  illustrative  of  the  conceptual  principles 
involved. 

In  dealing  with  the  angular  velocity  of  a  disk 
attached  to  the  shaft  of  an  electric  motor,  the 
electric  motor  represents  the  source  of  energy 
which  produces  angular  velocity  of  the  disk  as  the 
parameter  of  interest,  wherein  it  is  desirable  to 
maintain  a  defined  angular  velocity.  In  another 
example  relating  to  an  environmental  control 
system  wherein  temperature  in  an  environmental 
chamber  is  desired  to  be  controlled,  the  source  of 
heat  or  cooling  would  represent  the  source  of 
energy  wherein  the  temperature  within  the 
environmental  chamber  would  be  the  parameter 
of  interest,  with  the  defined  value  being  a  particu- 
lar  temperature.  In  another  example  relating  to  an 
automatic  speed  control  system  for  a  conven- 
tional  automobile,  the  automobile  engine  would 
represent  the  source  of  energy  which  produces 
velocity  of  the  automobile  as  the  parameter  of 
interest,  having  a  particular  velocity  at  which  it 
was  desired  to  maintain  the  speed  of  the  auto- 
mobile  as  the  defined  value.  In  another  example 
relating  to  a  vacuum  system,  the  source  of  the 
vacuum,  e.g.,  a  vacuum  pump,  would  represent 
the  source  of  energy  which  produces  vacuum  as 
the  parameter  of  interest,  having  a  particular  level 
of  atmospheric  pressure  as  the  defined  value.  In 
yet  another  example  relating  to  an  electrical 
switching  power  supply,  the  pulse  width  of  the 
switching  control  waveform  would  represent  the 
source  of  energy  producing  an  output  voltage  as 
the  parameter  of  interest  having  a  particular 
output  voltage  level  as  the  defined  value. 

Generally  speaking,  the  degree  to  which  the  . 
parameter  of  interest  may  be  accurately  con- 
trolled,  e.g.,  maintained  at  a  particular  value,  is 
determined  not  only  by  the  characteristics  of  the 
source  of  energy,  but  also  by  other  factors  related 
to  the  parameter  of  interest  and  the  environment 
in  which  the  quantity  of  interest  exists.  In  the  disk 
attached  to  the  electric  motor  example,  clearly  the 
degree  to  which  the  angular  velocity  may  be 
controlled  is  determined  not  only  by  the  amount 
of  torque  the  source  of  energy  is  capable  of 
producing,  but  also  by  the  mass  of  the  disk,  as 
well  as  the  rotational  resistance  presented  by  the 
environment  in  which  the  disk  rotates.  In  the 
environmental  control  system  example,  the 
degree  to  which  the  constant  value  of  the 
temperature  may  be  controlled  is  determined  not 
only  by  the  capabilities  of  the  source  of  energy 
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shortcomings  resulting  therefrom,  the  basic 
problems  are  generic  in  nature,  and  exist  in 
similar  forms  in  yet  many  different  applications. 

A  video  tape  recorder  records  video  infor- 
5  mation  on  magnetic  tape  which  is  moved  by  a 

tape  transport  from  a  supply  reel  past  a  video 
record/reproduce  head  to  a  take  up  reel.  The  tape 
transport  is  basically  controlled  by  negative 
torque  applied  to  a  supply  reel,  and  a  positive 

10  torque  applied  to  take  up  reel.  Precise  speed 
control  is  maintained  by  passing  the  magnetic 
tape  between  a  capstan,  which  rotates  at  a  con- 
stant  angular  velocity,  and  a  pinch  roller.  How- 
ever,  it  is  frequently  desirable  to  vary  the  linear 

15  velocity  at  which  the  magnetic  tape  moves  past 
the  magnetic  record/reproduce  head  in  the  for- 
ward  as  well  as  reverse  directions.  In  such  a 
mode,  the  linear  velocity  of  the  magnetic  tape  is 
not  controlled  by  the  capstan  and  pinch  roller 

20  arrangement,  but  rather  by  the  rotation  of  the 
supply  and  take  up  reels  directly.  It  should  be 
observed  in  this  mode  of  operation  that  the 
effective  diameter  of  the  supply  and  take  up  reel 
continually  changes  as  the  magnetic  tape  is  trans- 

25  ferred  from  the  supply  reel  to  the  take  up  reel,  it  is 
therefore  observed  that  the  angular  velocities 
associated  with  the  supply  and  take  up  reels 
produced  by  the  source  of  energy,  i.e.,  the  reel 
motors,  must  continually  change  to  result  in  the 

30  parameter  of  interest,  i.e.,  a  constant  linear  tape 
velocity,  to  be  maintained  at  the  desired  constant 
level. 

One  particular  problem  which  is  especially 
troublesome  in  attempting  to  move  the  magnetic 

35  tape  at  very  slow  rates,  e.g.,  rates  which  approach 
zero  inches  per  second,  results  from  the  inter- 
action  between  the  magnetic  tape  with  the  guides 
over  which  it  passes  in  moving  from  the  supply 
reel  to  the  take  up  reel.  In  particular,  the  magnetic 

40  tape  will  tend  to  "stick"  and  subsequently  "slip" 
in  its  travel  from  the  supply  reel  to  the  take  up 
reel.  Such  a  phenomenon  presents  serious 
problems  to  a  motor  control  system  attempting  to 
maintain  a  constant  tape  velocity  relative  to  the 

45  record/reproduce  head.  While  various  solutions 
are  possible  to  overcome  the  problem  of  the 
dynamically  changing  friction  between  the  mag- 
netic  tape  and  the  associated  tape  guides,  the 
simultaneous  requirement  of  having  the  capabil- 

50  ity  of  satisfactorily  moving  the  tape  at  widely 
varying  speeds  and  in  different  directions 
presents  a  formidable  problem. 

It  should  be  observed  that  the  basic  problem 
presented  in  the  required  control  of  the  reel 

55  motors  on  a  video  tape  recorder,  i.e.,  the  source 
of  energy,  to  produce  the  parameter  of  interest, 
i.e.,  a  desired  constant  linear  tape  velocity,  is  in 
the  generation  of  the  appropriate  control  signal  to 
the  source  of  energy.  It  should  be  further  noted 

60  that  the  generic  problem  present  herein,  i.e., 
producing  a  control  signal  to  the  source  of  energy 
in  such  a  fashion  that  the  parameter  of  interest 
produced  by  the  source  of  energy  is  adjusted  to 
agree  with  a  desired  value,  with  a  minimum 

65  response  time  while  maintaining  operational 

other  examples  discussed.  The  amount  of  time 
required  for  the  source  of  energy  to  effect  the 
desired  change  will  depend  upon  the  characteris- 
tics  of  each  particular  system,  and  will  hereinafter 
be  referred  to  broadly  as  the  inertia  present  in  the 
system.  Considered  in  this  way,  it  is  clear  that  the 
basic  concept  of  response  time,  i.e.,  the  amount 
of  time  required  for  a  control  system  to  respond 
to  a  change,  is  directly  related  to  the  inertia 
inherent  in  the  particular  system. 

An  additional  performance  limitation  relates  to 
the  range  of  desired  values  over  which  the  source 
of  energy  is  capable  of  satisfactorily  controlling 
the  parameter  of  interest  to  effect  agreement  with 
a  desired  value.  Once  again  an  example  will  best 
serve  to  illustrate  the  concept  involved  herein.  In 
connection  with  the  automatic  automotive  speed 
control,  the  necessity  of  maintaining  a  desired 
value  of  one-tenth  mile  per  hour  over  a  rough  and 
bumpy  road,  and  likewise  being  required  to  main- 
tain  a  desired  value  of  fifty  miles  per  hour  over  a 
smooth  road  would  present,  as  a  practical  matter, 
a  formidable  design  problem.  Clearly  wide  ranges 
of  desired  values  in  the  presence  of  considerably 
different  performance  environments  places  prac- 
tical  limitations  on  the  performance  achievable  by 
control  systems. 

In  control  systems  heretofore  known,  the 
nature  of  the  control  signal  to  the  source  of 
energy  would  generally  assume  one  of  two  basic 
forms.  In  a  first  form,  the  control  signal  would 
assume  one  of  two  constant  values,  depending 
upon  whether  the  measured  parameter  was 
greater  or  less  than  the  desired  value.  If  the 
measured  parameter  was  less  than  the  desired 
value,  the  control  signal  would  assume  a  first 
constant  value  which  would  result  in  the  source  of 
energy  being  driven  at  a  first  constant  level.  If  the 
measured  parameter  were  greater  than  the 
desired  value,  the  control  signal  would  assume  a 
second  constant  value  which  would  result  in  the 
source  of  energy  being  driven  at  a  second  con- 
stant  level.  Such  an  approach  to  the  generation  of 
the  control  signal  is  frequently  referred  to  as  a 
"bang-bang"  approach. 

In  a  second  form,  the  control  signal  to  the 
source  of  energy  would  assume  a  value  pro- 
portional  to  the  error  between  the  desired  value 
and  the  measured  parameter  of  interest  produced 
by  the  source  of  interest,  e.g.,  the  magnitude  of 
the  control  signal  would  be  relatively  large  when 
the  difference  between  the  desired  value  and  the 
measured  parameter  was  relatively  large,  and 
relatively  small  when  the  difference  between  the 
desired  value  and  the  measured  parameter  was 
relatively  small. 

The  foregoing  principles  and  the  limitations 
resulting  therefrom  will  be  more  fully  understood 
by  way  of  the  following  example  relating  to  the 
control  of  the  linear  velocity  of  magnetic  tape  of  a 
video  tape  recorder.  It  is  to  be  understood,  how- 
ever,  that  while  the  following  example  will  clearly 
illustrate  the  conventional  approaches  taken  to 
the  resolution  of  the  problems  heretofore 
discussed  in  one  particular  application,  and  the 
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capabilities  over  a  wide  range  of  desired  value,  is 
identical  to  the  one  present  in  the  previously 
discussed  examples. 

One  approach  to  the  problem  of  designing  a 
constant  velocity  servo  system  in  the  video  tape  5 
recorder  problem  employs  the  use  of  a  position 
servo  system.  In  such  an  approach  a  desired 
velocity  is  supplied  as  an  input  to  a  desired 
position  generator  which,  based  on  a  time  ref- 
erence,  produces  a  control  signal  as  one  input  to  a  10 
summing  network.  The  output  from  the  summing 
network  serves  as  an  input  to  an  amplifier  having 
gain  compensation,  which  thereafter  produces  a 
control  signal  for  the  electric  motor.  Coupled  to 
the  electric  motor  is  a  position  transducer  which  15 
generates  a  signal  which  in  turn  is  subtracted 
from  the  output  of  the  desired  position  generator 
by  the  summing  means. 

Use  of  a  position  servo  system  to  achieve  a 
constant  velocity  yields  minimal  velocity  error.  20 
This  result  follows  from  the  fact  that  the  error 
signal  in  a  position  servo  system  represents 
positional  error.  As  velocity  is  the  first  time 
derivative  of  position,  fixed  positional  error  does 
not  affect  the  resulting  velocity.  25 

While  the  use  of  a  position  servo  system  to 
implement  a  constant  velocity  servo  system  does 
yield  accurate  velocity  control,  a  number  of  draw- 
backs  are  present  in  such  an  approach.  In  particu- 
lar,  a  position  servo  system  requires  a  gain  and  30 
compensation  element.  These  elements  are  fre- 
quently  complex  and  application  dependent. 

In  addition  to  the  foregoing,  a  position  servo 
system  necessarily  requires  a  position  transducer 
for  the  decoding  of  position.  From  a  practical  35 
standpoint,  this  is  also  a  complex  and  costly 
element. 

Improved  response  time  and  relatively  simple 
elements  are  present  in  a  velocity  servo  system.  A 
velocity  servo  system  is  generally  composed  of  a  40 
summing  element  which,  in.response  to  a  desired 
velocity  input  and  a  second  input,  produces  an 
error  signal.  The  error  signal  serves  as  an  input  to 
a  gain  element  which  drives  the  motor.  Coupled 
to  the  motor  is  a  velocity  transducer  which  gener-  45 
ates  a  signal  representative  of  the  measured 
velocity.  The  signal  from  the  velocity  transducer 
serves  as  the  second  input  to  the  summing 
means.  Consequently  the  output  from  the  sum- 
ming  means  represents  the  difference  between  so 
the  desired  and  measured  velocities. 

The  employment  of  a  velocity  servo  system  to 
achieve  constant  velocity  as  above  described  is 
frequently  less  expensive  to  implement  than  a 
position  servo  system,  due  to  the  simplification  of  55 
several  elements.  In  particular,  the  gain  element 
present  in  a  velocity  servo  system  requires  less 
compensation,  if  any  at  all.  This  follows  from  the 
fact  that  as  velocity  is  being  controlled  directly 
rather  than  indirectly  by  position  as  is  present  in  a  go 
position  servo  system,  there  is  consequently  one 
less  mathematical  integration  involved  in  the 
control  process.  This  results  in  an  improved 
bandwidth  of  a  velocity  servo  system  when  com- 
pared  with  a  position  servo  system.  Furthermore,  65 

as  the  error  signal  present  in  a  velocity  servo 
system  is  based  upon  measured  velocity,  the 
necessary  transducer  is  less  complex,  as  the 
required  decoding  by  the  transducer  is  a  change 
in  the  parameter  of  position,  rather  than  the 
measurement  of  absolute  position. 

However,  while  a  velocity  servo  system  does 
achieve  relatively  constant  velocity  in  a  simpler 
manner  than  the  corresponding  position  servo 
system,  a  number  of  disadvantages  are  neverthe- 
less  present.  In  particular,  as  the  necessary  servo 
error  signal  in  a  velocity  servo  system  represents 
error  between  the  desired  and  the  measured 
velocity,  rather  than  position  as  in  the  position 
servo  system,  the  resulting  velocity  from  such  a 
system  will  necessarily  be  in  error.  This  follows 
from  the  requirement  of  an  error  signal  in  the 
operation  of  a  velocity  servo  system.  This  limita- 
tion  is  particularly  significant  when  the  desired 
constant  velocity  is  relatively  small.  In  such  a 
situation,  the  resulting  error  signal  is  corre- 
spondingly  small,  and  practical  considerations 
result  in  relatively  large  errors  in  the  resulting 
velocity.  In  particular,  if  the  resulting  error  signal 
is  less  than  that  required  to  overcome  friction 
inherent  in  the  operation  of  the  system,  move- 
ment  will  not  result.  While  this  can  be  partially 
overcome  through  the  use  of  increased  gain,  from 
a  practical  standpoint,  such  an  approach  intro- 
duces  tradeoffs  in  the  range  of  velocities  attain- 
able  with  such  a  system.  In  practice,  dynamically 
varying  loads  which  are  frequently  present  when 
attempting  to  operate  the  motor  at  relatively  slow 
constant  velocities  severely  limit  the  accuracy  of 
such  a  velocity  servo  system. 

A  degree  of  improvement  in  the  achievement  of 
constant  velocity  in  a  servo  system  is  possible  by 
the  introduction  of  a  second  summing  element 
between  the  motor  and  the  gain  element  in  a 
typical  velocity  servo  system.  In  particular,  the 
additional  summing  element  serves  to  sum  the 
error  signal  representative  of  the  difference 
between  the  desired  velocity  and  the  measured 
velocity,  and  a  signal  representative  of  the 
desired  velocity.  Consequently  the  motor  receives 
from  the  second  summing  network  a  control 
signal  equal  to  the  sum  of  the  desired  velocity  and 
an  error  based  on  the  difference  between  the 
desired  and  measured  velocities.  Such  an 
approach  provides  for  improved  constant  velocity 
characteristics.  However,  as  the  combination  of 
the  motor,  velocity  transducer  and  load  define  a 
transfer  characteristic  for  the  system,  the  intro- 
duction  of  the  desired  velocity  signal  to  the 
second  summing  network  necessarily  requires  a 
corresponding  transfer  function  equal  to  the 
inverse  of  that  transfer  function  defined  by  the 
motor,  velocity  transducer  and  load.  The  required 
presence  of  said  inverse  transfer  function 
necessitates  that  gain  and  compensation  be 
applied  to  the  signal  representative  of  the  desired 
velocity  prior  to  the  second  summing  network.  As 
the  transfer  function  of  the  motor,  velocity  trans- 
ducer  and  load  combination  and  the  corre- 
sponding  inverse  transfer  function  is  dependent 
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A  system  according  to  the  invention  is  charac- 
terised  in  that  the  control  means  is  arranged  (i)  to 
increase  the  torque  on  the  reel  continuously  when 
the  monitored  linear  velocity  is  less  than  the 
desired  velocity,  (ii)  to  decrease  the  torque  on  the 
reel  continuously  when  the  monitored  linear  vel- 
ocity  is  greater  than  the  desired  linear  velocity, 
(iii)  to  maintain  a  set  torque  (Cnew)  on  the  reel  if 
the  monitored  linear  velocity  remains  equal  to  the 
desired  linear  velocity  and,  (iv)  when  the  moni- 
tored  linear  velocity  becomes  equal  to  the  desired 
linear  velocity,  to  reset  the  torque  to  a  new  set 
value  (Cnew)  according  to  the  relationship: 

Cnew  =  Cold  +  dC.k 

upon  the  load,  changing  loads  on  the  motor  result 
in  said  reciprocity  between  the  transfer  function 
being  disturbed,  with  undesirable  results  on  the 
velocity  performance  of  the  system.  Variations  in 
the  load  can  result  not  only  from  the  dynamics  of 
a  particular  application,  but  also  from  environ- 
mental  considerations,  including  changes  in 
humidity  and  temperature.  Such  an  approach  is 
particularly  sensitive  to  the  problem  previously 
described  between  magnetic  tape  and  the  asso- 
ciated  tape  guides  at  low  velocities. 

Consequently  prior  art  approaches  to  the 
implementation  of  a  constant  velocity  servo 
system  require  rather  complex  and  expensive 
transducers.  In  addition,  complex  gain  and  com- 
pensation  networks  are  also  required,  or  tradeoffs 
resulting  in  less  satisfactory  velocity  control,  and 
performance  dependence  upon  changes  in  the 
load.  These  shortcomings  are  particularly  difficult 
to  address  using  prior  art  techniques  when  it  is 
necessary  to  maintain  a  constant  velocity  over  a 
wide  range  of  velocities,  including  relatively  low 
velocities  in  the  presence  of  dynamically  chang- 
ing  loads. 

Summary  of  the  Invention 
The  present  invention  is  directed  to  overcoming 

the  shortcomings  and  limitations  present  in  the 
prior  art  in  providing  for  performance  over  a  wide 
operational  range  with  substantially  improved 
performance  at  extremes  of  operational  limits. 

It  is  known  in  ordinary  servo  mechanisms  of  the 
kind  previously  discussed  to  provide  a  method  of 
operating  a  control  system  to  control  the  value  of 
a  parameter  produced  by  a  drive  system  which 
responds  to  a  control  signal,  comprising  measur- 
ing  the  value  of  the  parameter,  comparing  the 
measured  value  of  the  parameter  with  a  desired 
value  and  adjusting  the  control  signal  to  effect  a 
change  in  the  parameter  towards  the  desired 
value  when  the  value  of  the  parameter  differs 
from  the  said  desired  value.  The  method  accord- 
ing  to  the  invention  is  characterised  in  that  the 
control  signal  is  reset,  when  the  value  of  the 
parameter  becomes  equal  to  the  said  desired 
value,  to  a  new  value  (Cnew),  which  differs  from 
the  previous  reset  value  (Cold)  by  a  fraction  of  the 
difference  between  the  said  previous  value  (Cold) 
and  the  value  of  the  control  signal  when  the 
measured  value  of  the  parameter  becomes  equal 
to  the  said  desired  value,  the  control  signal 
remaining  at  the  said  new  reset  value  if  the  value 
of  the  parameter  remains  equal  to  the  desired 
value  and  adjustment  of  the  control  signal  being 
made  with  respect  to  the  new  reset  value. 

It  is  also  known  to  provide  a  closed-loop  control 
system  for  controlling  the  linear  velocity  of  trans- 
port  of  an  elongate  web  onto  a  reel,  comprising  a 
drive  system  including  a  motor  for  the  reel, 
means  for  monitoring  the  linear  velocity  of  the 
web,  comparing  means  for  comparing  the  linear 
velocity  with  the  desired  linear  velocity,  and 
control  means  for  controlling  the  torque 
developed  by  the  motor  in  accordance  with  the 
comparison  made  by  the  comparing  means. 

10 

15 

where  Cold  is  the  previous  value  of  Cnew  reset 
when  the  monitored  linear  velocity  previously 
became  equal  to  the  desired  linear  velocity,  dC  is 

20  the  difference  between  Cold  and  the  value  of  the 
torque  when  the  measured  linear  velocity 
becomes  equal  to  the  desired  linear  velocity  and  k 
is  a  constant  less  than  unity. 

The  document  FR-1  ,31  8,632  describes  a  system 
25  in  which  a  discontinuous  regulator  having  two  or 

three  regions  (i.e.  a  bang-bang  servo  with  a  zero 
or  significant  dead-band  respectively)  computes 
the  total  action  of  the  regulator  while  the  regu- 
lated  parameter  is  not  at  the  desired  value  and 

30  when  the  controlled  parameter  attains  the  desired 
value,  provides  to  the  drive  system,  employing 
relatively  high  frequency  pulses,  a  corrective 
signal  which  is  of  opposite  sign  to,  and  a  fraction 
of,  the  said  total  action. 

35  In  particular  a  control  apparatus  and  method 
are  disclosed  for  providing  a  control  signal  to  a 
source  of  energy  so  that  a  parameter  of  interest 
produced  by  the  source  of  energy  is  dynamically 
adjusted  to  maintain  agreement  with  a  desired 

40  value  in  a  reduced  amount  of  time.  The  control 
apparatus  and  method  offer  performance 
improvements  in  the  presence  of  system  inertia 
and  dynamically  varying  loads.  The  instantane- 
ous  value  of  the  parameter  of  interest  is  com- 

45  pared  to  a  desired  value.  If  the  value  of  the 
parameter  is  less  than  the  desired  value,  the 
control  signal  to  the  source  of  energy  continually 
changes  in  such  a  manner  to  effect  an  increase  in 
the  parameter.  If  the  value  of  the  parameter  is 

so  greater  than  the  desired  value,  the  control  signal 
to  the  source  of  energy  continually  changes  in 
such  a  manner  to  effect  a  decrease  in  the  para- 
meter.  This  process  continues  until  the  parameter 
equals  the  desired  value,  at  which  point  the 

55  control  signal  to  the  source  of  energy  changes  to 
a  constant  value  determined  by  the  previous 
constant  value  of  the  control  signal  as  well  as  the 
difference  between  the  previous  constant  value 
and  the  maximum  or  minimum  value  attained  by 

60  the  continually  changing  control  signal.  In  par- 
ticular,  the  constant  value  to  which  the  control 
signal  changes  is  equal  to  the  previous  constant 
value  of  the  control  signal  during  the  previous 
interval  during  which  the  parameter  was  equal  to 

65  the  desired  value,  plus  the  difference  between 
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said  previous  constant  value  and  the  peak  value 
the  continually  changing  control  signal  achieved 
just  prior  to  the  parameter  becoming  equal  to  the 
desired  value,  multiplied  by  a  constant. 

Consequently  the  control  signal  to  the  source  of  5 
energy  will  be  constant  in  value  when  the  para- 
meter  of  interest  is  equal  to  the  desired  value,  and 
will  exhibit  a  continuously  increasing  or  decreas- 
ing  value  when  the  parameter  is  less  than  or 
greater  than  the  desired  value,  respectively.  As  10 
the  magnitude  of  the  constant  control  signal  to 
the  source  of  energy  when  the  parameter  equals 
the  desired  value  is  equal  to  the  magnitude  of  the 
previous  constant  control  signal  plus  an  amount 
proportional  to  the  difference  between  the  pre-  is 
vious  constant  control  signal  and  the  peak  maxi- 
mum  or  minimum  value  of  the  changing  level 
when  the  parameter  does  not  equal  the  desired 
level,  the  resulting  control  signal  will  exhibit  a 
corresponding  change  in  the  base  level  in  20 
response  to  the  non-equality  between  the  para- 
meter  and  the  desired  value. 

It  is  observed  that  the  approach  set  forth  above 
is  generic  in  nature,  and  consequently  would 
have  a  broad  range  of  application.  25 

Brief  Description  of  the  Drawings 
FIGURE  1  is  a  generally  schematic  functional 

diagram  of  an  analog  implementation  of  a  motor 
controller  in  accordance  with  the  present  inven-  30 
tion  for  a  video  tape  recorder. 

FIGURE  2  is  a  graph  of  time  relationships  of  two 
signals  produced  by  the  apparatus  of  FIGURE  2. 

FIGURE  3  is  a  graph  of  operational  response 
characteristics  of  a  motor  controller  in  accordance  35 
with  the  present  invention  to  changes  in  the 
measured  velocity  of  apparatus  driven  by  the 
motor. 

FIGURE  4  is  a  generally  schematic  functional 
diagram  of  a  digital  implementation  of  a  motor  40 
controller  in  accordance  with  the  present  inven- 
tion. 

FIGURE  5  is  a  flow  chart  illustrating  operation  of 
the  apparatus  of  FIGURE  4. 

45 
Detailed  Description 

Referring  to  FIGURE  1,  magnetic  tape  13  in  a 
video  tape  recorder  is  moved  in  direction  15  from 
a  supply  reel  17  to  a  take  up  reel  19  by  a  torque 
applied  to  reel  19  by  motor  10.  The  magnetic  tape,  so 
in  traversing  the  path  from  the  supply  to  the  take 
up  reel,  passes  around  a  tape  idler  21  which 
functions  to  maintain  continuous  non-slip  physi- 
cal  contact  with  the  magnetic  tape.  Coupled  to  the 
tape  idler  is  a  tachometer  12  which  functions  to  55 
generate  a  signal  having  a  frequency  proportional 
to  the  passage  of  magnetic  tape  around  the  tape 
idler.  In  operation,  the  source  of  energy,  repre- 
sented  by  motor  10,  would  produce  a  linear  tape 
velocity  of  magnetic  tape  13  as  a  parameter  of  so 
interest  by  applying  an  appropriate  torque  to  take 
up  reel  19.  While  not  shown  it  is  understood  that 
an  additional  motor  supplies  a  constant  negative 
torque  to  supply  reel  17  to  maintain  a  constant 
tension  on  magnetic  tape  13.  The  desired  para-  65 

meter  of  interest,  i.e.,  the  linear  velocity  of  mag- 
netic  tape  13  is  measured  by  tachometer  12.  In 
response  to  the  rotation  of  idler  21  ,  tachometer  1  2 
produces  a  signal  14  having  a  frequency  pro- 
portional  to  the  angular  velocity  of  idler  21,  and 
consequently  proportional  to  the  linear  velocity  of 
magnetic  tape  13.  Discriminator  16  produces 
signal  18  having  a  magnitude  proportional  to  the 
frequency  of  signal  14,  and  consequently  pro- 
portional  to  the  linear  velocity  of  magnetic  tape 
13.  Level  adjusting  device  20  is  preferably  a 
potentiometer  having  its  end  terminals  connected 
to  potentials  of  opposite  polarity  and  its  move- 
able  connector  to  one  input  of  comparator  24.  The 
signal  22  from  the  moveable  connector  functions 
to  define  a  desired  velocity.  Comparator  24  func- 
tions  to  compare  the  measured  velocity  as  repre- 
sented  by  signal  18,  with  the  desired  velocity  as 
represented  by  signal  22.  Consequently  the  out- 
put  26  from  comparator  24  will  be  in  a  first  state 
when  the  magnitude  of  signal  18  is  greater  than 
the  magnitude  of  signal  22,  and  will  be  in  a 
second  state  when  the  magnitude  of  signal  18  is 
less  than  the  magnitude  of  signal  22.  Equality 
detector  28  functions  to  compare  the  measured 
velocity  as  represented  by  signal  18,  with  the 
desired  velocity  as  indicated  by  signal  22,  and 
generates  an  output  signal  30  having  a  first  state 
when  the  measured  velocity  as  represented  by 
the  magnitude  of  signal  18  equals  the  desired 
velocity  as  indicated  by  the  magnitude  of  signal 
22,  and  a  second  state  when  the  measured  vel- 
ocity  as  represented  by  signal  18  does  not  equal 
the  desired  velocity  as  indicated  by  the  mag- '  nitude  of  signal  22.  Signal  30  functions  as  a 
control  input  to  switch  control  35.  Switch  control 
35  functions  to  produce  control  signals  39  and  41 
which  operate  switches  32,  33,  34  and  36  respec- 
tively,  as  follows.  Upon  the  receipt  of  signal  30 
from  equality  detector  28  indicating  equality 
between  the  two  respective  inputs  thereto,  after  a 
preselected  amount  of  delay,  switch  control  35 
first  produces  a  control  signal  41  to  close  switch 
36,  after  which  control  signal  41  operates  to  open 
switch  36.  Thereafter  switch  control  means  35 
produces  control  signal  39  which  operates  to 
effect  a  change  in  position  of  switches  32,  33  and 
34,  as  illustrated  in  FIGURE  3  and  more  fully 
discussed  hereinafter. 

When  the  measured  linear  velocity  of  magnetic 
tape  13  does  not  equal  the  desired  linear  velocity, 
i.e.,  the  magnitude  of  signal  18  does  not  equal  the 
magnitude  of  signal  22,  signal  30  from  equality 
detector  28  is  in  the  corresponding  state  such  that 
switch  control  35  produces  the  appropriate  switch 
control  signals  39  and  41  such  that  switches  32, 
33,  34  and  36  are  positioned  as  follows.  Switch  32 
connects  capacitor  38  from  the  input  of  amplifier 
37  to  the  output  of  amplifier  37,  and  to  the  input  of 
differential  amplifier  44.  Switch  34  functions  to 
connect  the  output  from  amplifier  37  to  the  input 
of  motor  drive  amplifier  40,  and  switch  36  func- 
tions  to  disconnect  the  output  42  from  difference 
amplifier  44  from  the  input  to  attenuator  46. 
Switch  33  removes  the  ground  from  the  input  of 
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capacitor  38  will  charge  to  a  potential  equal  to  the 
output  of  amplifier  48,  and  motor  drive  amplifier 
40  will  produce  a  constant  motor  drive  signal  to 
motor  10  in  accordance  with  the  magnitude  of  the 
constant  signal  from  amplifier  48.  In  this  regard  it 
should  be  noted  that  level  adjusting  means  56 
and  amplifier  48  comprise  a  method  of  storing  a 
constant  value.  Likewise  difference  amplifier  44 
functions  to  determine  the  difference  between  the 
magnitude  of  the  constant  value  stored  by  level 
adjusting  means  56  and  amplifier  48,  and  the  peak 
value  produced  by  the  combination  of  amplifier 
37  and  capacitor  38.  Attenuator  46  functions  to 
multiply  the  difference  determined  by  difference 
amplifier  44  by  a  constant.  This  constant  is 
application  dependent  as  will  be  more  fully 
discussed  hereinafter.  Consequently,  level  adjust- 
ing  means  56,  amplifier  48,  difference  amplifier  44 
and  attenuator  46  function  to  produce  a  signal 
which  when  applied  to  motor  drive  amplifier  40 
will  be  equal  to  the  previous  constant  control 
signal  supplied  to  motor  drive  amplifier,  plus  the 
product  of  the  difference  between  the  previous 
constant  control  signal  and  the  peak  value  of 
either  the  increasing  or  decreasing  control  signal, 
multiplied  by  a  constant. 

An  example  will  serve  to  further  illustrate  the 
operation  a  motor  controller  incorporating  the 
present  invention. 

Referring  now  to  FIGURES  1  and  3,  it  will  be 
observed  from  FIGURE  3  that  prior  to  time  t,  the 
measured  linear  veloeity  is  constant  at  a  desired 
velocity  Vv  Consequently  the  corresponding 
motor  control  signal,  as  illustrated  in  FIGURE  3(b), 
prior  to  time  t,  is  constant  at  level  Ĉ   This 
condition  would  be  produced  by  the  operation  of 
the  functional  motor  controller  illustrated  in  FIG- 
URE  1  as  follows.  As  the  measured  linear  velocity 
of  magnetic  tape  13  indicated  by  the  level  of 
signal  18  produced  by  discriminator  16  in 
response  to  signal  14  from  tachometer  12  equals 
the  level  of  signal  22  produced  by  potentiometer 
20,  indicating  that  the  measured  linear  velocity 
equals  the  desired  velocity,  the  levels  of  signals 
18  and  22  will  be  identical.  Consequently  signal  30 
from  equality  detector  28  will  assume  the  approp- 
riate  state  indicating  equality.  Signal  39  from 
switch  control  35  will  operate  switches  32,  33  and 
34  such  that  one  terminal  of  capacitor  38  and  the 
input  to  amplifier  37  is  connected  to  ground,  and 
the  remaining  terminal  of  capacitor  38  is  con- 
figured  to  the  output  of  amplifier  48.  The  output 
from  amplifier  48  is  configured  to  the  input  of 
motor  drive  amplifier  40.  Consequently  capacitor 
38  will  charge  to  the  magnitude  of  the  output 
from  amplifier  48.  In  addition,  input  signal  47  to 
motor  drive  amplifier  40  maintains  a  constant 
value  determined  by  the  level  of  the  input  signal 
52  to  amplifier  48.  This  condition  will  continue  as 
long  as  the  measured  velocity  equals  the  desired 
velocity  V-,. 

If  the  measured  velocity  of  motor  10  does  not 
equal  the  desired  velocity  V1f  a  continually 
increasing  or  decreasing  motor  control  signal  will 
be  supplied  to  motor  10,  determined  by  the 

amplifier  37.  In  this  configuration  amplifier  37, 
resistor  27  and  capacitor  38  function  to  form  an 
integrator  which  produces  an  output  voltage 
which  will  increase  or  decrease  with  time  depend- 
ing  upon  the  polarity  of  the  signal  26.  In  particu-  5 
lar,  if  the  measured  linear  velocity  of  magnetic 
tape  13  as  represented  by  the  magnitude  of  signal 
18  is  less  than  the  desired  linear  velocity  as 
represented  by  the  magnitude  of  signal  22,  signal 
26  from  comparator  24  will  be  a  positive  constant  10 
level.  The  corresponding  signal  produced  by 
amplifier  37,  resistor  27  and  capacitor  38  will  be  a 
signal  which  increases  in  magnitude  with  time.  As 
the  output  from  amplifier  37  is  supplied  as  an 
input  to  motor  drive  amplifier  40,  this  will  result  in  15 
a  motor  control  signal  to  motor  10  likewise 
increasing  with  time.  This  situation  is  illustrated 
in  FIGURE  3  in  the  time  interval  between  time  t-, 
and  t3.  If  however,  the  measured  linear  velocity  of 
magnetic  tape  13  is  greater  than  the  desired  linear  20 
velocity,  signal  26  from  comparator  24  will  be  a 
negative  constant  level.  The  corresponding  signal 
produced  by  amplifier  37,  resistor  27  and 
capacitor  38  will  be  a  signal  which  increases  in  a 
negative  magnitude  with  time.  This  will  result  in  a  25 
motor  control  signal  to  motor  10  which  likewise 
decreases  with  time,  and  is  illustrated  in  FIGURE  3 
in  the  time  interval  between  time  t5  and  t7.  The 
condition  of  the  motor  control  signal  to  motor  10 
either  increasing  or  decreasing  with  time,  30 
depending  upon  the  comparison  between  the 
measured  linear  tape  velocity  and  the  desired 
velocity,  will  continue  until  the  measured  linear 
velocity  of  magnetic  tape  13  equals  the  desired 
velocity.  At  this  point  output  signal  30  from  35 
equality  detector  28  will  indicate  this  equality  by 
changing  from  a  first  state  to  a  second  state,  and 
thereby  changing  the  position  of  switch  32,  33,  34 
and  36  as  follows.  Upon  agreement  between  the 
measured  linear  velocity  of  magnetic  tape  13  and  40 
the  desired  velocity,  switch  control  35  will  first 
operate  switch  36  to  connect  output  signal  42 
from  difference  amplifier  44  to  attenuator  46. 
Consequently  output  signal  42  from  difference 
amplifier  44  will  be  equal  to  the  difference  in  45 
magnitude  between  the  present  value  of  the 
output  from  amplifier  37  and  the  value  from 
amplifier  48.  Signal  42,  after  attenuation  by 
attenuator  46,  functions  to  adjust  the  level  of 
signal  47  from  amplifier  48  by  changing  the  level  so 
of  the  input  to  amplifier  48  by  level  adjusting 
means  56.  Consequently  the  value  of  signal  47  is 
adjusted  according  to  the  difference  between  the 
previous  value  of  signal  47  and  the  value  of  the 
output  from  amplifier  37.  55 

Thereafter,  switch  control  35  means  discon- 
nects  signal  42  from  attenuator  46  by  operation  of 
signal  41  on  switch  36,  and  thereafter  changes  the 
position  of  switches  32,  33  and  34  such  that  the 
input  to  amplifier  37  and  the  terminal  of  capacitor  so 
38  connected  thereto  are  connected  to  ground 
potential  by  switch  33,  and  the  second  terminal  of 
capacitor  38  as  well  as  the  input  of  motor  drive 
amplifier  40  are  connected  to  the  output  of  ampli- 
fier  48  through  switches  32  and  34.  Consequently  65 
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relationship  between  the  measured  linear  velocity 
of  magnetic  tape  13  and  the  desired  velocity,  i.e., 
an  increasing  control  signal  to  motor  drive  ampli- 
fier  40  will  result  from  the  measured  linear  vel- 
ocity  of  tape  13  being  less  than  the  desired  s 
velocity,  and  a  decreasing  control  signal  to  motor 
drive  amplifier  40  will  result  if  the  measured 
angular  velocity  is  greater  than  the  desired  vel- 
ocity,  as  follows. 

Referring  to  FIGURE  1,  if  the  measured  linear  10 
velocity  of  magnetic  tape  13  as  represented  by  the 
level  of  signal  18  from  discriminator  16  in 
response  to  signal  14  from  tachometer  12,  is  less 
than  the  desired  velocity,  as  represented  by  signal 
22  from  potentiometer  20,  output  signal  26  from  15 
comparator  24  will  assume  a  positive  potential. 
Consequently,  a  signal  of  constant  value  having  a 
positive  potential  will  be  supplied  as  input  26  to 
amplifier  37  through  resistor  27.  It  will  be  noted 
that  as  the  level  of  signal  18  does  not  equal  the  20 
level  of  signal  22,  the  output  signal  30  from 
equality  detector  28  will  assume  a  state  indicating 
said  inequality  between  the  measured  linear  vel- 
ocity  of  magnetic  tape  13  and  the  desired  velocity, 
which  results  in  switches  32,  33  and  34  func-  25 
tionally  connecting  capacitor  38  between  the 
input  and  output  terminals  of  amplifier  37,  and 
connecting  the  output  from  amplifier  37  to  the 
input  to  motor  drive  amplifier  40.  Consequently 
the  constant  level  of  signal  26  will  be  integrated  30 
by  the  combination  of  capacitor  38  and  amplifier 
37  producing  a  signal  having  a  continuously 
increasing  level  as  an  input  to  motor  drive  ampli- 
fier  40.  This  condition  is  illustrated  in  FIGURE  3.as 
an  increasing  motor  control  signal  between  time  35 
t,  and  t3. 

In  similar  fashion,  if  the  measured  linear  vel- 
ocity  is  greater  than  the  desired  velocity  V-,,  a 
motor  control  signal  having  a  continuously 
decreasing  level  will  be  supplied  to  motor  10,  as  40 
follows. 

Referring  once  again  to  FIGURE  3,  a  measured 
velocity  greaterthan  the  desired  velocity  of  V-i  will 
result  in  the  level  of  signal  18  being  greater  than 
the  level  of  signal  22;  consequently  output  signal  45 
26  from  comparator  24  will  assume  a  constant 
negative  potential.  In  a  manner  similar  to  the 
above,  signal  30  produced  by  equality  detector  28 
operates  to  configure  switches  32,  33  and  34  such 
that  capacitor  38  is  connected  between  the  input  so 
and  output  of  amplifier  37,  and  the  output  of 
amplifier  37  to  the  input  to  motor  drive  amplifier 
40.  Signal  26  produced  by  comparator  24  will  be 
at  a  constant  level  with  a  polarity  opposite  that 
above  discussed.  Consequently  the  input  to  55 
motor  drive  amplifier  40  from  the  combination  of 
amplifier  37,  resistor  27  and  capacitor  38  will  be  a 
signal  having  a  continuously  decreasing  level. 
This  condition  is  illustrated  in  FIGURE  3  for  time 
periods  subsequent  to  t5  and  prior  to  time  t7.  60 

When  the  measured  linear  velocity  of  magnetic 
tape  13  equals  the  desired  velocity  V-,,  signal  30 
from  equality  detector  28  will  operate  switch 
control  35  as  previously  discussed. 

The  foregoing  has  disclosed  a  functional  analog  65 

implementation  of  a  motor  control  system  incor- 
porating  the  present  invention  for  maintaining  a 
linear  velocity  of  magnetic  tape  equal  to  a  desired 
velocity  over  a  wide  range  of  desired  velocities 
and  in  the  presence  of  dynamically  changing 
loads.  However,  the  present  invention,  as  more 
fully  set  forth  in  the  claims  herein,  would  find  a 
broad  range  of  applications  wherein  a  parameter 
of  interest  produced  by  a  source  of  energy  in 
response  to  a  control  signal  to  the  source  of 
energy  was  desired  to  be  maintained  equal  to  a 
defined  value. 

Broadly  stated,  the  foregoing  has  functionally 
illustrated  the  generation  of  a  control  signal  to  a 
source  of  energy  according  to  the  following  rela- 
tions. 

If  a  parameter  of  interest  produced  by  a  source 
of  energy  is  less  than  a  desired  value,  a  control 
signal  is  supplied  to  the  source  of  energy  in  such 
a  manner  that  the  parameter  will  correspondingly 
increase  in  value  with  time,  i.e., 

C(t)  =  k,  t 

where  C(t)  is  the  control  signal  supplied  to  the 
source  of  energy  necessary  to  effect  an  increase 
in  the  parameter  of  interest,  and  ^  is  an  applica- 
tion  dependent  constant  proportional  to  the  slope 
of  the  correction  signal. 

In  a  similar  manner,  if  the  parameter  of  interest 
is  greater  than  the  desired  value,  a  control  signal 
is  supplied  to  the  source  of  energy  such  that  the 
parameter  will  correspondingly  decrease  in  value 
with  time,  i.e., 

C(t)  =  -k,  t 

where  C(t)  is  the  control  signal  supplied  to  the 
source  of  energy  necessary  to  effect  a  decrease  in 
the  parameter  of  interest,  and  k,  is  an  application 
dependent  constant  proportional  to  the  slope  of 
the  correction  signal. 

It  should  be  understood  that  while  the  fore- 
going  illustrates  a  linearly  changing  control  signal 
in  response  to  a  non-equality  between  the  para- 
meter  and  the  desired  value,  the  relationship 
could,  broadly  speaking,  be  a  generally  monoton- 
ically  changing  one. 

This  condition  is  illustrated  generally  in  FIGURE 
3.  In  the  time  interval  between  t,  and  t3,  wherein 
the  parameter  of  interest  is  less  than  the  desired 
value,  e.g.,  the  measured  linear  velocity  is  less 
than  the  desired  velocity  V-,,  the  control  signal  to 
the  motive  force  element  changes  in  such  a 
manner  to  effect  a  continuous  increase  in  the 
parameter  of  interest,  e.g.,  the  motor  control 
signal  ramps  up  thereby  resulting  in  the 
measured  linear  velocity  increasing.  In  the  time 
interval  between  t5  and  t7,  wherein  the  parameter 
of  interest  is  greater  than  the  desired  value,  e.g., 
the  measured  linear  velocity  is  greater  than  the 
desired  velocity  V1f  the  control  signal  to  the 
source  of  energy  changes  in  such  a  manner  to 
effect  a  continual  decrease  in  the  parameter  of 
interest,  e.g.,  the  motor  control  signal  ramps 
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down  thereby  resulting  in  the  measured  linear 
velocity  decreasing. 

When  the  parameter  associated  with  the  quan- 
tity  of  interest  equals  the  desired  value,  the  level 
of  the  control  signal  thereafter  supplied  to  the 
motive  force  element  will  be  a  constant  level 
defined  by 

Cnew  =  C0|d  +  AC  k2 

where  Cnow  is  the  new  constant  level  to  be  applied 
to  by  control  signal  to  the  source  of  energy;  Co,d  is 
the  constant  level  previously  applied  by  the  con- 
trol  signal  to  the  source  of  energy  during  the 
preceeding  interval  when  the  parameter  of.inter- 
est  equalled  the  desired  value;  AC  is  the  differ- 
ence  between  Cold  and  the  maximum  or  minimum 
level  of  either  the  increasing  or  decreasing  control 
signal  respectively  applied  to  the  motive  force 
element  just  prior  to  the  parameter  of  interest 
becoming  equal  to  the  desired  value;  and  k2  is  an 
application  dependent  constant. 

Referring  once  again  to  FIGURE  3,  when  the 
parameter  of  interest  equals  the  desired  value, 
e.g.,  when  the  measured  linear  velocity  equals  the 
desired  velocity  V̂  at  time  t3,  the  constant  level 
(Cnew)  applied  by  the  control  signal  to  the  source 
of  energy  is  equal  to  the  constant  level  previously 
applied  to  the  source  of  energy  during  the  pre- 
ceeding  interval  when  the  parameter  of  interest 
equalled  the  desired  value  (i.e.,  C,),  plus  the 
difference  between  Cold  (i.e.,  C ,̂  and  the  maxi- 
mum  level  of  the  increasing  control  signal  applied 
to  the  motive  force  element  just  prior  to  the 
parameter  of  interest  becoming  equal  to  the 
desired  value  (i.e.,  C5),  multiplied  by  the  constant 
k2.  Hence  in  the  example  illustrated  in  FIGURE  3 
for  time  t3  when  the  measured  linear  velocity 
becomes  equal  to  the  desired  velocity  V-,,  the  new 
constant  level  (e.g.,  C3)  applied  to  the  source  of 
energy  at  time  t3  would  be 

C3  =  C,  +  (Cs—  C-i)  k2 

In  a  similar  fashion,  the  new  constant  level 
applied  by  the  control  signal  to  the  source  of 
energy  at  time  t7  when  the  measured  linear 
velocity  equals  the  desired  velocity  is 

C4  =  C2  +  (C6-C2)  k2 

Consequently  it  is  broadly  observed  that  the 
series  of  acts  of  repeatedly  adjusting  the  control 
signal  to  the  motive  force  element  in  accordance 
with  the  method  above  discussed,  will  result  in  a 
corresponding  series  of  adjustments  on  the  para- 
meter  of  interest,  thereby  effecting  agreement 
between  the  parameter  and  the  desired  value  in  a 
minimum  amount  of  time. 

Conceptually  speaking,  if  the  degree  of  agree- 
ment  attainable  in  a  given  amount  of  time 
between  the  parameter  of  interest  and  the  desired 
value  is  considered  as  the  subject  matter  upon 
which  the  act  or  series  of  acts  as  heretofore  set 
forth  in  generating  the  control  signal  to  the  source 

of  energy  in  response  to  the  non-agreement 
between  the  parameter  and  the  desired  value  are 
performed,  then  it  is  clear  that  said  acts  or  series 
of  acts  heretofore  set  forth  are  transforming  and 

5  reducing  said  subject  matter  to  a  different  state, 
i.e.,  an  improved  degree  of  agreement  is  obtain- 
able  in  a  given  time  period  between  a  parameter 
of  interest  and  a  desired  value. 

While  the  foregoing  discloses  an  analog  func- 
w  tional  implementation  of  a  motor  controller,  digital 

techniques  were  employed  in  the  preferred  em- 
bodiment  of  a  motor  controller  incorporating  the 
present  invention,  as  more  fully  disclosed  below. 

Referring  now  to  FIGURE  4  a  motor  control 
15  signal  to  motor  10  is  generated  by  motor  drive 

amplier  40  in  response  to  the  analog  signal 
produced  by  digital-to-analog  converter  60. 
Tachometer  1  2  is  operatively  coupled  to  tape  idler 
21  and  produces  a  signal  14  having  a  frequency 

20  proportional  to  the  measured  linear  velocity  of 
magnetic  tape  13.  Signal  14from  tachometer  12  is 
connected  to  a  clock  input  of  counter  62.  Counter 
62,  in  response  to  load  signal  64,  will  store  a 
digital  number  supplied  from  control  logic  66. 

25  Thereafter  signal  14  from  tachometer  12  will 
change  the  value  of  said  number  in  accordance 
with  the  linear  velocity  of  magnetic  tape  13  as 
measured  by  tachometer  12.  Torque  register  68 
and  nominal  torque  register  70  function  in 

30  response  to  load  command  signals  72  and  74 
respectively  to  store  a  digital  number  supplied  by 
inputs  73  and  75  respectively  from  control  logic 
66.  Torque  register  68  and  nominal  torque  regis- 
ter  70  each  supply  a  digital  output  signal  repre-  . 

35  sentative  of  the  digital  value  stored  therein  as 
output  signals  76  and  78  respectively.  Output 
signal  76  is  supplied  as  input  to  control  logic  66  as 
well  as  to  digital-to-analog  converter  60.  Output 
signal  78  is  supplied  as  an  input  to  control  logic 

40  66.  Control  logic  66  in  response  to  desired  vel- 
ocity  input  84  functions  to  provide  the  above 
referenced  output  load  signals  64,  72  and  74  to 
counter  62,  torque  register  68  and  nominal  torque 
register  70  respectively.  Control  logic  66  likewise 

45  provides  digital  signals  to  torque  register  68  and 
nominal  torque  register  70  representive  of  a 
desired  value  to  be  stored  therein,  and  receives  as 
inputs  the  corresponding  outputs  from  torque 
register  68  and  nominal  torque  register  70.  Con- 

so  trol  logic  66  likewise  provides  an  input  to  and 
receives  an  output  from  counter  62. 

Torque  register  68  functions  to  store  the  digital 
value  which  is  supplied  as  an  input  to  digital-to- 
analog  converter  60.  Consequently  the  digital 

55  value  stored  in  torque  register  68  will  control  the 
magnitude  of  the  motor  control  signal  supplied  to 
motor  drive  amplifier  40  by  digital-to-analog  con- 
verter  60,  and  hence  controls  the  measured  linear 
velocity  of  magnetic  tape  13. 

so  Nominal  torque  register  70  functions  as  a 
storage  device  to  store  the  last  value  which  was 
supplied  by  torque  register  68  as  a  constant  value, 
corresponding  to  the  situation  when  the  measured 
velocity  was  equal  to  the  desired  velocity. 

65  The  operation  of  a  motor  speed  controller  as 
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illustrated  in  FIGURE  4  incorporating  the  present 
invention  can  be  more  fully  understood  with 
reference  to  FIGURE  5. 

Referring  to  FIGURE  5  control  logic  66  (FIGURE 
4)  first  determines  the  measured  linear  velocity  of  5 
magnetic  tape  13.  This  is  accomplished  in  cooper- 
ation  with  counter  62  by  determining  the  change 
in  the  value  stored  in  counter  62  over  a  measured 
time  interval  by  control  logic  66.  Thereafter  in 
block  88  control  logic  66  determines  if  the  slope  of  10 
the  signal  supplied  to  motor  drive  amplifier  40  is 
positive  or  negative.  If  said  slope  was  positive, 
control  logic  66  in  block  90  determines  if  the 
measured  linear  velocity  of  magnetic  tape  13  is 
greater  than  or  equal  to  the  desired  velocity  84.  is 
This  is  done  by  digitally  comparing  the  desired 
velocity  84  with  the  measured  linear  velocity  of 
magnetic  tape  13  determined  in  block  86.  If  the 
measured  linear  velocity  of  magnetic  tape  13  is 
greater  than  or  equal  to  the  desired  velocity,  20 
control  logic  66  will  next  perform  the  operation 
indicated  in  block  97.  In  a  similar  fashion  if  the 
slope  of  the  motor  control  signal  supplied  to 
motor  drive  amplifier  40  was  not  positive,  control 
logic  66  will  determine  if  the  measured  velocity  of  25 
magnetic  tape  13  is  less  than  or  equal  to  the 
desired  velocity  in  block  94.  This  is  accomplished 
by  again  comparing  the  desired  velocity  84  with 
the  measured  velocity  of  magnetic  tape  13  deter- 
mined  in  conjunction  with  counter  62,  as  here-  30 
inabove  discussed.  If  the  measured  velocity  of 
magnetic  tape  13  is  less  than  or  equal  to  the 
desired  velocity  speed,  control  logic  66  again 
performs  the  operation  in  block  97. 

If  the  measured  velocity  of  magnetic  tape  13  is  35 
not  greater  than  or  equal  to  the  desired  velocity, 
as  determined  by  block  90,  indicating  the  pre- 
sence  of  the  situation  wherein  the  motor  con- 
troller  is  in  the  process  of  increasing  the  level  of 
the  drive  signal  to  motor  10,  control  logic  66  will  40 
increment  the  value  currently  stored  in  torque 
register  68,  as  indicated  by  block  92.  In  a  similar 
fashion  if  the  measured  velocity  of  magnetic  tape 
13  is  not  less  than  or  equal  to  the  desired  velocity, 
control  logic  66  will  decrement  the  value  stored  in  45 
torque  register  68,  as  indicated  in  block  95.  There- 
after  control  logic  66  will  delay  a  finite  amount  of 
time  as  indicated  in  block  96,  after  which  control 
logic  66  will  once  again  determine  the  measured 
velocity  of  magnetic  tape  13  as  indicated  in  block  50 
86.  Consequently  it  is  observed  that  operational 
blocks  86,  88,  90,  92,  94,  95  and  96  in  FIGURE  5 
operate  to  sequentially  increment  or  decrement 
the  magnitude  of  the  motor  drive  signal  supplied 
by  digital-to-analog  converter  60  to  motor  drive  55 
amplifier  40  in  response  to  the  previous  slope  of 
said  motor  drive  signal  as  determined  in  func- 
tional  block  88,  to  correct  respectively  the  two 
situations  wherein  the  measured  velocity  of  mag- 
netic  tape  13  is  not  equal  to  the  desired  velocity,  60 
i.e.,  when  the  measured  velocity  of  magnetic  tape 
13  is  less  than  or  gneater  than  the  desired  vel- 
ocity. 

The  YES  condition  from  blocks  90  and  94  result 
from  the  corrective  action  applied  to  motor  10  by  65 

either  incrementing  or  decrementing  the  value 
stored  in  last  torque  register  68  resulting  in  the 
measured  velocity  of  magnetic  tape  13  now  being 
greater  or  less  than  the  desired  velocity  84, 
respectively. 

Block  97  functions  to  determine  if  the  value 
stored  in  torque  register  68  is  equal  to  the  value 
stored  in  nominal  torque  register  70.  If  this  condi- 
tion  is  found  to  exist,  further  action  by  control 
logic  66  is  not  necessary  and  control  logic  66 
thereafter  repeats  the  above  described  procedure 
by  again  determining  the  measured  velocity  in 
block  86. 

However,  if  control  logic  66  in  block  97  does  not 
find  that  the  value  stored  in  torque  register  68  to 
be  equal  to  the  value  stored  in  nominal  torque 
register  70,  a  change  in  the  digital  number  sup- 
plied  to  digital-to-analog  converter  60  will  be 
necessary  from  the  previous  value  used  during 
the  preceeding  period  of  constant  velocity,  as 
stored  in  nominal  torque  register  70. 

In  particular,  if  the  value  stored  in  last  torque 
register  68  is  not  greater  than  the  value  stored  in 
nominal  torque  register  70,  control  logic  66  will,  in 
block  100,  subtract  the  value  stored  in  torque 
register  68  from  the  value  stored  in  nominal 
torque  register  70.  Thereafter  control  logic  66  in 
block  102  will  determine  if  the  difference  deter- 
mined  in  block  100  is  greater  than  a  predefined 
constant.  This  predefined  constant  is  a  parameter 
depending  upon  the  particular  application  of  a 
motor  controller  incorporating  the  present  inven- 
tion,  and  determines  the  amount  of  change 
necessary  between  the  two  said  values  before  a 
change  will  be  effected  in  the  digital  value  sup- 
plied  to  digital-to-analog  converter  60  for  con- 
stant  velocity.  If  the  difference  determined  in 
block  100  is  greater  than  that  constant,  control 
logic  66  will  thereafter  perform  a  scaling  oper- 
ation  on  said  difference  as  indicated  at  block  104. 
Said  scaling  operation  is  again  a  parameter 
dependent  upon  the  application  of  a  motor  con- 
troller  incorporating  the  present  invention,  and 
represents  the  amount  of  change  said  difference 
determined  in  block  100  will  affect  the  resulting 
digital  value  supplied  to  digital-to-analog  con- 
verter  60  to  effect  the  desired  constant  velocity. 
Thereafter  control  logic  66  in  block  106  will 
subtract  said  result  determined  in  block  104  from 
the  value  present  in  nominal  torque  register  70, 
and  thereafter,  in  block  116,  load  this  value  into 
torque  register  68.  Thereafter  control  logic  66  will 
repeat  the  above  procedure  by  next  determining 
the  measured  velocity  of  magnetic  tape  13  as 
indicated  in  block  86. 

If  the  value  stored  in  torque  register  68  is 
greater  than  the  value  stored  in  nominal  torque 
register  70,  control  logic  66  will  then  subtract  the 
value  stored  in  nominal  torque  register  70  from 
the  value  stored  in  torque  register  68,  as  indicated 
by  block  108.  In  a  similar  manner  as  above 
discussed,  control  logic  66  will  next  determine  if 
the  difference  determined  in  block  108  is  greater 
than  that  constant  value  previously  discussed.  If 
said  difference  is  greater  than  said  constant, 

10 
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desired  value  a  point  will  be  reached  wherein  the 
value  of  the  parameter  may  be  considered  to  be 
equal  to  the  desired  value.  This  is  necessary  to 
prevent  continual  changes  in  Cnew.  In  the  pre- 

5  ferred  embodiment,  this  limitation  was  set  at  two 
bits  of  the  eight  bits  which  comprise  the  relevant 
binary  word. 

An  additional  parameter  present  in  the  inven- 
tive  concept  presented  herein  relates  to  the  value 

w  of  the  constant  k.  The  constant  k  generally  relates 
to  a  gain  factor  associated  with  the  constant  level 
supplied  as  a  control  signal  to  the  source  of 
energy  in  response  to  the  parameter  of  interest 
produced  by  the  source  of  energy  equalling  the 

w  desired  value.  The  value  of  k,  broadly  speaking, 
will  control  the  rate  at  which  successive  adjust- 
ments  to  the  constant  level  supplied  to  the  source 
of  energy  approach  the  correct  constant  level  for 
the  control  signal. 

20  If  the  value  chosen  for  k  is  too  small,  an 
excessive  amount  of  time  will  be  required  for  the 
adjustment  of  the  parameter  to  the  desired  value. 
However,  if  the  value  chosen  for  k  is  excessive, 
undesirable  oscillations  will  result.  In  the  pre- 

25  ferred  embodiment  herein,  empirical  evidence 
suggests  that  the  value  for  k  must  be  less  than  0.5. 
In  the  preferred  embodiment  a  value  of  0.125  was 
found  to  produce  satisfactory  results. 

The  final  parameter  present  in  the  inventive 
30  concept  presented  herein  relates  to  the  intial 

value  chosen  for  the  prior  constant  level  (i.e.,  C0|d) 
upon  the  first  occurrence  of  the  parameter  of 
interest  becoming  equal  to  the  desired  value. 
Again,  experience  has  indicated  that  this  value  is 

35  not  critical,  and  can  in  fact  be  zero,  as  subsequent 
iterations  in  the  process  will  quickly  correct  any 
error.  However,  in  the  preferred  embodiment 
employed  on  a  video  tape  recorder,  the  initial 
value  is  chosen  based  upon  the  amount  of  mag- 

40  netic  tape  present  on  the  take  up  reel.  This  is 
significant  in  this  particular  application  due  to  the 
situation  which  is  present  in  changing  from  the 
PLAY  mode  of  operation  wherein  the  linear  vel- 
ocity  of  the  magnetic  tape  is  controlled  by  the 

45  capstan  and  pinch  roller  arrangement  previously 
discussed,  to  the  SHUTTLE  mode  of  operation, 
wherein  the  linear  velocity  of  the  magnetic  tape  is 
controlled  directly  by  the  torque  supplied  to  the 
take  up  reel.  In  particular  it  is  desirable  to  main- 

50  tain  a  relatively  constant  tension  on  the  magnetic 
tape  in  the  transition  between  the  PLAY  and 
SHUTTLE  mode.  Consequently  the  initial  value 
chosen  for  the  constant  C0,d  is  chosen  such  that 
C0|d  is  proportional  to  the  amount  of  magnetic 

55  tape  present  on  the  take  up  reel.  In  the  application 
at  the  preferred  embodiment  employed  on  a 
video  tape  recorder,  the  value  of  this  constant  is 
determined  by  counting  the  number  of  pulses 
produced  by  the  tachometer  attached  to  the  tape 

60  idler  which  occur  for  a  1/16  revolution  of  the  take- 
up  reel. 

While  the  foregoing  has  discussed  the  applica- 
tion  of  a  motor  controller  incorporating  the 
present  invention  to  a  particular  linear  velocity 

65  control  system,  it  is  readily  apparent  to  one  with 

control  logic  66  will  in  a  similar  fashion  perform  a 
scaling  operation  on  said  difference  in  block  112, 
and  therafter  add  the  results  to  the  above 
described  calculation  to  the  value  stored  in  nomi- 
nal  torque  register  70,  as  indicated  in  block  114. 
Thereafter  control  logic  66  will  store  the  value 
which  presently  exists  in  nominal  torque  register 
70  in  torque  register  68.  Thereafter  control  logic 
66  will  again  repeat  the  above  described  proce- 
dure  by  next  determining  the  measured  velocity 
of  motor  10  in  block  86. 

Consequently  from  the  foregoing,  a  digital 
functional  implementation  of  a  control  system 
has  been  described  wherein  a  control  signal  to  a 
source  of  energy  i.e.,  motor  10,  continually 
increases  in  value  in  response  to  the  parameter  of 
interest,  i.e.,  a  constant  linear  velocity  of  magnetic 
tape  13,  being  less  than  a  desired  value,  and 
likewise  continually  decrease  in  value  in  response 
to  the  parameter  associated  of  interest  being 
greater  than  a  desired  value.  When  the  parameter 
of  interest  equals  the  desired  value,  a  constant 
control  signal  is  supplied  to  the  source  of  energy 
equal  to  the  previous  constant  control  signal  plus 
the  difference  between  the  previous  constant 
control  signal  and  the  peak  value  achieved  by  the 
continually  increasing  or  decreasing  control 
signal,  multiplied  by  a  constant. 

In  connection  with  the  foregoing  discussion,  a 
number  of  application  dependent  parameters 
have  been  referenced.  These  will  now  be 
discussed  in  more  detail  with  particular  reference 
to  their  purpose  and  considerations  present  in 
selection  of  values  for  each. 

One  parameter  present  in  the  inventive  concept 
presented  herein  relates  to  the  slope  or  rate  of 
increase  present  in  the  control  signal  generated  in 
response  to  the  parameter  of  interest  produced 
by  the  source  of  energy  not  being  equal  to  the 
desired  value.  The  slope  herein  referenced  is 
illustrated  in  FIGURE  3  as  the  slope  of  the  motor 
control  signal  during  the  time  intervals  t,  to  t3  and 
t5  to  t7.  The  slope  herein  referenced  will  determine 
the  amount  of  time  required  for  the  parameter  of 
interest  produced  by  the  source  of  energy  to 
adjust  to  the  desired  value  in  response  to  the 
control  signal  to  the  source  of  energy.  In  the 
functional  analog  implementation  illustrated  in 
FIGURE  1  ,  this  slope  would  be  determined  by  the 
magnitude  of  the  constant  levels  produced  by 
comparator  24,  and  the  value  of  capacitor  38  and 
the  value  of  resistor  27.  In  the  preferred  embodi- 
ment  this  slope  would  be  determined  by  the 
amount  of  delay  introduced  in  block  96  of  FIGURE 
5.  In  the  preferred  embodiment  this  delay  was 
seven  milliseconds. 

An  additional  parameter  present  in  the  inven- 
tive  concept  presented  herein  relates  to  a  practi- 
cal  limit  on  the  smallest  value  allowed  for  AC.  In 
particular,  as  AC  determines  in  part  the  constant 
level  of  the  control  signal  to  be  supplied  to  the 
source  of  energy  when  the  parameter  of  interest 
produced  by  the  source  of  energy  equals  the 
desired  value,  clearly  as  the  value  of  the  para- 
meter  becomes  progressively  closer  to  the 
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ordinary  skill  in  the  art  that  the  inventive  concept 
herein  can  be  applied  to  a  wide  range  of  applica- 
tions.  A  few  of  such  applications  include  the 
examples  relating  to  the  disk  attached  to  the  shaft 
of  the  electric  motor,  the  environmental  control  5 
system  wherein  temperature  or  pressure  are 
desired  to  be  controlled,  the  automatic  auto- 
motive  speed  control  system,  and  the  electrical 
switching  power  supply.  These  illustrations  are 
given  by  way  of  examples  of  the  broad  range  of  w 
applications  to  which  the  inventive  concept 
herein  would  apply.  Consequently  the  particular 
application  discussed  herein  is  not  to  be  inter- 
preted  in  a  limiting  way;  rather  the  inventive 
concept  herein  is  to  be  limited  only  by  the  15 
following  claims. 

Claims 

1.  A  method  of  operating  a  control  system  to  20 
control  the  value  of  a  parameter  produced  by  a 
drive  system  which  responds  to  a  control  signal, 
comprising  measuring  the  value  of  the  para- 
meter,  comparing  the  measured  value  of  the 
parameter  with  a  desired  value  and  adjusting  the  25 
control  signal  to  effect  a  change  in  the  parameter 
towards  the  desired  value  when  the  value  of  the 
parameter  differs  from  the  said  desired  value, 
characterised  in  that  the  control  signal  is  reset, 
when  the  value  of  the  parameter  becomes  equal  30 
to  the  said  desired  value,  to  a  new  value  (Cnew), 
which  differs  from  the  previous  reset  value  (Cold) 
by  a  fraction  of  the  difference  between  the  said 
previous  value  (Cold)  and  the  value  of  the  control 
signal  when  the  measured  value  of  the  parameter  35 
becomes  equal  to  the  said  desired  value,  the 
control  signal  remaining  at  the  said  new  reset 
value  if  the  value  of  the  parameter  remains  equal 
to  the  desired  value  and  adjustment  of  the  control 
signal  being  made  with  respect  to  the  new  reset  40 
value. 

2.  A  method  according  to  Claim  1  in  which  the 
adjustment  of  the  control  signal  continually 
increases  until  the  next  reset  of  the  control  signal. 

3.  A  method  according  to  claim  2  in  which  the  45 
parameter  is  the  velocity  of  an  elongate  web. 

4.  A  closed-loop  control  system  for  controlling 
the  linear  velocity  of  transport  of  an  elongate  web 
onto  a  reel  (19),  comprising  a  drive  system 
including  a  motor  for  the  reel,  means  (21,  12)  for  50 
monitoring  the  linear  velocity  of  the  web,  compar- 
ing  means  (24,  28)  for  comparing  the  linear 
velocity  with  the  desired  linear  velocity,  and 
control  means  (35,  37,  44,  48)  for  controlling  the 
torque  developed  by  the  motor  in  accordance  55 
with  the  comparison  made  by  the  comparing 
means,  characterised  in  that  the  control  means  is 
arranged  (i)  to  increase  the  torque  on  the  reel 
continuously  when  the  monitored  linear  velocity 
is  less  than  the  desired  velocity,  (ii)  to  decrease  60 
the  torque  on  the  reel  continuously  when  the 
monitored  linear  velocity  is  greater  than  the 
desired  linear  velocity,  (iii)  to  maintain  a  set 
torque  (Cnew)  on  the  reel  if  the  monitored  linear 
velocity  remains  equal  to  the  desired  linear  vel-  65 

ocity  and,  (iv)  when  the  monitored  linear  velocity 
becomes  equal  to  the  desired  linear  velocity,  to 
reset  the  torque  to  a  new  set  value  (Cnew) 
according  to  the  relationship: 

Cnew  =  Cold  +  dC.k 

where  Cold  is  the  previous  value  of  Cnew  reset 
when  the  monitored  linear  velocity  previously 
became  equal  to  the  desired  linear  velocity,  dC  is 
the  difference  between  Cold  and  the  value  of  the 
torque  when  the  measured  linear  velocity 
becomes  equal  to  the  desired  linear  velocity  and  k 
is  a  constant  less  than  unity. 

5.  A  system  according  to  claim  4  in  which  the 
control  means  comprises  a  ramp  signal  generator 
which,  when  the  monitored  linear  velocity  is 
different  from  the  desired  velocity,  generates  a 
ramp  signal  that  determines  the  energisation  of 
the  motor  and  which  is  switched  when  equality  of 
the  monitored  linear  velocity  and  the  desired 
velocity  is  detected  so  that  the  ramp  is  reset  to  a 
value  corresponding  to  the  new  value  (Cnew)  of 
the  torque. 

Patentanspriiche 

1.  Verfahren  zum  Betreiben  eines  Steuersy- 
stems  fur  die  Steuerung  des  Wertes  eines  Para- 
meters,  derdurch  ein  auf  ein  Steuersignal  anspre- 
chendes  Antriebssystem  erzeugt  wird.  bei  dem 
der  gemessene  Wert  des  Parameters  mit  einem 
gewiinschten  Wert  verglichen  und  das  Steuer- 
signal  eingestellt  wird,  um  eine  Anderung  des 
parameters  in  Richtung  auf  den  gewiinschten 
Wert  zu  bewirken,  wenn  der  Wert  des  Parameters 
sich  vom  gewiinschten  Wert  unterscheidet, 
dadurch  gekennzeichnet,  dalS  das  Steuersignal 
dann,  wenn  der  Wert  des  Parameters  gleich  dem 
gewunschten  Wert  wird,  auf  einen  neuen  Wert 
(Cnew)  riickgesetzt  wird,  der  sich  von  dem  vorher 
eingestellten  Wert  (Cold)  um  einen  Bruchteil  der 
Differenz  zwischen  dem  vorhergehenden  Wert 
(Cold)  und  dem  Wert  des  Steuersignals,  wenn  der 
gemessene  Wert  des  Parameters  gleich  dem 
gewunschten  Wert  wird,  unterscheidet,  wobei 
das  Steuersignal  auf  dem  neuen  ruckgesetzten 
Wert  verbleibt,  wenn  der  Wert  des  Parameters 
gleich  dem  gewunschten  Wert  bleibt,  und  dalS 
eine  Einstellung  des  Steuersignals  in  Bezug  auf 
den  neuen  ruckgesetzten  Wert  durchgefiihrt  wird. 

2.  Verfahren  nach  Anspruch  1,  bei  dem  die 
Einstellung  des  Steuersignals  bis  zu  seiner  nach- 
sten  Rucksetzung  kontinuierlich  zunimmt. 

3.  Verfahren  nach  Anspruch  2,  bei  dem  der 
Parameter  die  Geschwindigkeit  eines  langge- 
streckten  Bandes  ist. 

4.  Steuersystem  mit  geschlossener  Schleife  zur 
Steuerung  der  Linear-Transportgeschwindigkeit 
eines  langgestreckten  Bandes  auf  einer  Spule  (19) 
mit  einem  einen  Motor  zum  Antrieb  der  Spule 
enthaltenden  Antriebssystem,  Mitteln  (21,  12)  zur 
Uberwachung  der  Lineargeschwindigkeit  des 
Bandes,  Vergleichsmitteln  (24,  28)  zum  Vergleich 
der  Lineargeschwindigkeit  mit  der  gewunschten 
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commande  lorsque  la  valeur  mesuree  du  parame- 
tre  devient  egale  a  ladite  valeur  souhaitee,  le 
signal  de  commande  restant  a  ladite  nouvelle 
valeur  rereglee  si  la  valeur  du  parametre  reste 
egale  a  la  valeur  souhaitee  et  I'ajustement  du 
signal  de  commande  etant  effectue  en  fonction  de 
la  nouvelle  valeur  rereglee. 

2.  Procede  selon  la  revendication  1,  dans  lequel 
I'ajustement  du  signal  de  commande  augmente 
progressivement  jusqu'au  rereglage  suivant  du 
signal  de  commande. 

3.  Procede  selon  la  revendication  2,  dans  lequel 
le  parametre  est  la  vitesse  d'une  bande  allongee. 

4.  Systeme  de  commande  en  boucle  fermee 
pour  commander  la  vitesse  lineaire  d'achemine- 
ment  d'une  bande  allongee  sur  une  bobine  (19), 
comportant  un  systeme  d'entramement  compre- 
nant  un  moteur  pour  la  bobine,  des  moyens  (21, 
12)  pour  controler  la  vitesse  lineaire  de  la  bande, 
des  moyens  de  comparaison  (24,  28)  pour  compa- 
rer  la  vitesse  lineaire  a  la  vitesse  lineaire  souhai- 
tee,  et  des  moyens  de  commande  (35,  37,  44,  48) 
pour  commander  le  couple  engendre  par  le 
moteur  en  fonction  de  la  comparaison  effectuee 
par  les  moyens  de  comparaison,  caracterise  en  ce 
que  les  moyens  de  commande  sont  agences  de 
maniere  (i)  a  augmenter  le  couple  applique  a  la 
bobine  de  maniere  continue  lorsque  la  vitesse 
lineaire  controlee  est  inferieure  a  la  vitesse  sou- 
haitee,  (ii)  a  diminuer  le  couple  applique  a  la 
bobine  de  maniere  continue  lorsque  la  vitesse 
lineaire  controlee  est  superieure  a  la  vitesse 
lineaire  souhaitee,  (iii)  a  maintenir  I'application 
d'un  couple  regie  (Cnew)  sur  la  bobine  si  la 
vitesse  lineaire  controlee  reste  egale  a  la  vitesse 
lineaire  souhaitee,  et  (iv),  lorsque  la  vitesse 
lineaire  controlee  devient  egale  a  la  vitesse 
lineaire  souhaitee,  a  reregler  le  couple  a  une 
nouvelle  valeur  de  reglage  (Cnew)  suivant  la 
relation: 

Cnew  =  Cold  +  dC.k 

ou  Cold  est  la  valeur  precedente  de  Cnew  rereglee 
lorsque  la  vitesse  lineaire  controlee  est  devenue 
precedemment  egale  a  la  vitesse  lineaire  souhai- 
tee,  dC  est  la  difference  entre  Cold  et  la  valeur  du 
couple  lorsque  la  vitesse  lineaire  mesuree  devient 
egale  a  la  vitesse  lineaire  souhaitee  et  k  est  une 
constante  inferieure  a  I'unite. 

5.  Systeme  selon  la  revendication  4,  dans  lequel 
les  moyens  de  commande  comportent  un  genera- 
teur  de  signaux  en  a  dents  de  scie  qui,  lorsque  la 
vitesse  lineaire  controle  differe  de  la  vitesse  sou- 
haitee,  engendre  un  signal  en  dents  de  scie  qui 
determine  I'excitation  du  moteur  et  qui  est  com- 
mute  lorsque  I'egalite  entre  la  vitesse  lineaire 
controlee  et  la  vitesse  souhaitee  est  detectee  si 
bien  que  la  pente  est  rereglee  a  une  valeur 
correspondant  a  la  nouvelle  valeur  (Cnew)  du 
couple. 

Lineargeschwindigkeit  und  mit  Steuermitteln  (35, 
37,  44,  48)  zur  Steuerung  des  durch  den  Motor  als 
Funktion  des  durch  die  Vergleichsmittel  durchge- 
fiihrten  Vergleichs  erzeugten  Drehmomentes, 
dadurch  gekennzeichnet,  dafc  die  Steuermittel  so  5 
ausgelegt  sind,  dalS  sie  (i)  das  Drehmoment  der 
Spule  kontinuierlich  erhohen,  wenn  die  iiber- 
wachte  Lineargeschwindigkeit  kleiner  ais  die 
gewunschte  Geschwindigkeit  ist,  (ii)  das  Drehmo- 
ment  der  Spule  kontinuierlich  verringem,  wenn  10 
die  uberwachte  Lineargeschwindigkeit  grower  als 
die  gewunschte  Lineargeschwindigkeit  ist,  (iii)  ein 
gesetztes  Drehmoment  (Cnew)  der  Spule  aufrech- 
terhalten,  wenn  die  uberwachte  Lineargeschwin- 
dig  keit  gleich  der  gewunschten  Lineargeschwin-  15 
digkeit  bleibt  und  (iv)  wenn  die  uberwachte  Line- 
argeschwindigkeit  gleich  der  gewunschten  Line- 
argeschwindigkeit  wird  das  Drehmoment  auf 
einen  neuen  Setzwert  (Cnew)  gemalS  dem  folgen- 
den  Zusammenhang  riicksetzen:  20 

Cnew  =  Cold  +  dC.k 

worin  Cold  den  vorhergehenden  Wert  von  Cnew, 
der  ruckgesetzt  wird,  wenn  die  vorher  uberwachte  25 
Lineargeschwindigkeit  gleich  der  gewunschten 
Lineargeschwindigkeit  wird,  dC  die  Differenz 
zwischen  Cold  und  dem  Wert  des  Drehmomentes, 
wenn  die  gemessene  Lineargeschwindigkeit 
gleich  der  gewunschten  Lineargeschwindigkeit  30 
wird,  und  k  eine  Konstante,  die  kleiner  als  Eins  ist, 
bedeuten. 

5.  System  nach  Anspruch  4,  bei  dem  die  Steuer- 
mittel  einen  Rampensignalgenerator  aufweisen, 
welcher  bei  sich  von  der  gewunschten  Geschwin-  35 
digkeit  unterscheidender  uberwachter  Linearge- 
schwindigkeit  ein  Rampensignal  erzeugt,  das  die 
Erregung  des  Motors  festlegt  und  das  geschaltet 
wird,  wenn  Gleichheit  der  iiberwachten  Linearge- 
schwindigkeit  und  der  gewunschten  Geschwin-  40 
digkeit  detektiert  wird,  so  da(S  die  Rampe  auf 
einen  Wert  ruckgesetzt  wird,  welche  dem  neuen 
Wert  (Cnew)  des  Drehmomentes  entspricht. 

Revendications  45 

1.  Procede  d'exploitation  d'un  systeme  de  com- 
mande  pour  commander  la  valeur  d'un  parametre 
produit  par  un  systeme  d'entramement  qui  reagit 
a  un  signal  de  commande,  consistant  a  mesurer  la  so 
valeur  du  parametre,  a  comparer  la  valeur  mesu- 
ree  du  parametre  a  une  valeur  souhaitee  et  a 
ajuster  le  signal  de  commande  de  maniere  a 
effectuer  une  modification  du  parametre  vers  la 
valeur  souhaitee  lorsque  la  valeur  du  parametre  55 
differe  de  ladite  valeur  souhaitee,  caracterise  en 
ce  que  le  signal  de  commande  est  reregle,  lorsque 
la  valeur  du  parametre  devient  egale  a  ladite 
valeur  souhaitee,  a  une  nouvelle  valeur  (Cnew), 
laquelle  differe  de  la  valeur  rereglee  precedente  60 
(Cold)  d'une  fraction  de  la  difference  entre  ladite 
valeur  precedente  (Cold)  et  la  valeur  du  signal  de 
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