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Description 

Background  of  the  Invention 

The  present  invention  relates  to  electric  motor 
braking,  and  particularly  to  methods  for  detecting 
when  the  motor  has  stopped. 

When  an  electric  motor  is  started,  the  electric 
current  drawn  by  the  motor  can  be  six  times  the 
steady  state  current  once  it  reaches  full  speed. 
Manufacturing  equipment  and  assembly  lines  often 
have  a  number  of  large  three-phase  electric  motors 
which  start  simultaneously  thereby  placing  rela- 
tively  large  current  demands  on  the  electrical  dis- 
tribution  system  feeding  the  equipment  or  assem- 
bly  line.  In  order  to  reduce  this  start-up  current 
consumption,  large  alternating  current  electric  mo- 
tors  are  often  operated  by  a  controller  which  ac- 
tivates  thyristor  switches  that  couple  the  motor  to 
an  electric  supply.  When  the  motor  is  to  be  started, 
the  equipment  operator  applies  a  starting  signal  to 
the  motor  controller.  As  is  well  known,  the  motor 
controller  then  gradually  increases  the  amount  of 
current  applied  to  the  motor  by  regulating  the  duty 
cycles  of  the  thyristors.  Initially  the  thyristors  are 
conductive  for  only  a  brief  portion  of  each  half 
cycle  of  the  a.c.  voltage  for  the  corresponding 
electricity  phase.  The  controller  then  gradually  in- 
creases  the  conductive  time  of  the  thyristors  until 
they  are  turned  on  constantly  at  which  time  the 
motor  is  at  substantially  full  speed.  This  technique 
reduces  the  current  consumption  and  torque  of  the 
motor  during  start-up  as  compared  to  a  hard 
switching  the  full  supply  line  voltage  across  the 
motor. 

Previous  motor  controllers  often  did  not  provide 
a  mechanism  for  braking  the  motor  when  it  was 
stopped.  In  response  to  an  operator  command  to 
stop  the  motor,  the  basic  controller  simply  turns  off 
the  thyristors  allowing  the  motor  to  coast  to  a  stop, 
slowed  only  by  friction.  If  the  motor  is  coupled  to  a 
mechanical  load  with  considerable  inertia,  the  mo- 
tor  and  the  load  will  continue  to  move  for  some 
time  after  the  power  is  shut  off.  In  many  industrial 
applications  of  motors,  it  is  important  for  conve- 
nience  and  efficient  use  of  the  driven  equipment  to 
stop  this  continued  movement  as  fast  as  possible. 
Merely  allowing  the  motor  to  coast  to  a  stop  often 
is  unsatisfactory.  Heretofore,  a  mechanical  brake 
frequently  was  coupled  to  the  equipment  and  en- 
gaged  when  the  power  was  turned  off. 

As  an  alternative,  a  direct  current  was  some- 
times  applied  to  the  stator  windings  of  an  alternat- 
ing  current  motor  to  provide  a  braking  action.  In 
order  to  electrically  brake  an  alternating  current 
motor,  it  is  necessary  to  generate  a  torque  in  the 
direction  opposite  to  the  direction  of  the  rotation  of 
its  rotor  (i.e  a  negative  torque).  In  the  direct  current 

braking  method  of  the  prior  art,  the  torque  is  pro- 
duced  by  the  rotor  attempting  to  rotate  in  the 
presence  of  a  steady  magnetic  field  produced  by 
the  direct  current  applied  through  the  stator  win- 

5  dings.  The  rotating  direction  of  the  rotor's  mag- 
netization  leads  the  direction  of  the  magnetic  field 
produced  by  the  direct  current  through  stator  wind- 
ing.  The  tendency  of  the  rotor  magnetization  to 
align  itself  with  the  stator's  magnetic  field  creates 

io  an  alignment  torque  which  produces  a  braking  ef- 
fect  on  the  rotor. 

Another  method  of  braking  the  motor  involves 
switching  the  alternating  current  to  the  motor  at  the 
proper  times  to  create  a  magnetic  field  within  the 

75  motor  which  tends  to  slow  the  rotor.  This  technique 
is  described  in  EP-A-0  310  131  and  includes  sens- 
ing  the  level  of  the  back  emf  voltage  induced  in  a 
winding  of  the  electric  motor,  comparing  the  level 
of  the  back  emf  voltage  to  ground  potential  in  order 

20  to  provide  an  indication  of  the  polarity  of  the  back 
emf  voltage,  and  applying  the  supply  line  voltage 
to  the  stator  windings  of  the  electric  motor  when 
the  polarity  of  the  supply  line  voltage  is  opposite  to 
the  polarity  of  the  back  emf  voltage. 

25  One  of  the  problems  inherent  in  any  braking 
technique  that  applies  electricity  to  the  motor,  is 
determining  when  the  motor  has  stopped  so  that 
the  application  of  the  braking  current  can  be  dis- 
continued.  Not  only  is  the  continued  application  of 

30  the  braking  current  inefficient  from  an  energy  con- 
servation  standpoint,  it  also  may  also  have  adverse 
effects  on  the  motor. 

Heretofore,  a  timer  frequently  was  employed 
for  such  braking  methods  with  the  braking  elec- 

35  tricity  applied  for  a  long  enough  interval  to  insure 
that  the  motor  was  stopped.  This  interval  had  to  be 
empirically  set  by  the  operator  for  the  specific 
motor  being  controller.  If  the  load  on  the  motor 
varies,  thereby  affecting  the  stopping  time,  the 

40  interval  has  to  be  set  for  the  worst  case,  or  longest 
possible  stopping  interval.  This  too  would  be  ineffi- 
cient  when  the  load  inertia  was  small  and  the  motor 
stops  in  a  fraction  of  the  worst  case  interval. 

An  earlier  published  European  patent  applica- 
45  tion  EP-A-0  332  127  discloses  a  method  and  an 

apparatus  for  stopping  an  electric  motor.  The  stop- 
page  of  the  rotor  is  determined  by  periodically 
sensing  the  back  emf  voltage  across  a  winding  of 
the  motor  and  comparing  the  level  of  the  periodi- 

50  cally  sensed  back  emf  voltage  to  ground  potential 
in  order  to  provide  an  indication  of  the  polarity  of 
each  back  emf  voltage  sample.  The  polarity  of 
each  back  emf  voltage  sample  is  observed  and  a 
pattern  is  detected  where  the  voltage  polarity  re- 

55  mains  unchanged  for  a  number  of  consecutive 
samples.  Thereafter,  a  change  in  the  back  emf 
voltage  polarity  is  detected.  This  change  of  polarity 
is  used  as  indication  that  the  rotor  is  about  to  stop. 
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Summary  of  the  Invention 

The  invention  as  claimed  in  claim  1  or  8  solves 
the  problem  of  determining  when  an  electric  motor 
has  stopped  for  discontinuing  the  application  of  a 
braking  current. 

The  stoppage  of  the  motor  is  determined  by 
sampling  the  voltage  induced  in  a  stator  winding  of 
the  motor  by  the  back  electromotive  force  (emf). 
This  back  emf  induced  voltage  is  compared  to  a 
first  and  a  second  reference  voltage  level.  Prefer- 
ably,  the  back  emf  voltage  is  compared  to  both  a 
positive  reference  voltage  level  and  a  negative  ref- 
erence  voltage  level  to  determine  if  the  voltage  is 
between  the  reference  voltage  levels.  When  the 
back  emf  induced  voltage  is  between  the  positive 
and  negative  reference  voltage  levels  for  a 
predefined  interval,  an  indication  is  given  that  the 
motor  is  about  to  stop.  This  indication  initiates  a 
delay  interval  in  the  preferred  embodiment  of  the 
invention.  Upon  the  expiration  of  the  delay  interval, 
a  determination  is  made  that  the  motor  has  stop- 
ped.  The  delay  interval  can  either  be  a  fixed  period 
or  one  which  is  calculated  based  on  the  amount  of 
time  that  it  took  for  the  motor  to  go  from  full  speed 
to  the  time  when  the  indication  was  given.  Upon  a 
determination  that  the  motor  has  stopped,  the  ap- 
plication  of  electricity  to  the  motor  is  terminated. 

Brief  Description  of  the  Drawings 

FIGURE  1  is  a  schematic  diagram  illustrating  an 
electric  motor  and  a  motor  controller  for  practic- 
ing  the  present  invention; 
FIGURE  2  is  a  conceptual  illustration  of  the 
waveforms  of  the  voltage  in  one  phase  of  the 
a.c.  power,  and  the  current  applied  to  brake  the 
motor  at  three  speeds  as  the  motor  slows; 
FIGURE  3  is  a  waveform  diagram  of  the  back 
emf  voltage  induced  in  a  motor  winding  during 
the  later  stages  of  stopping; 
FIGURES  4A  and  4B  comprise  a  flow  chart  of 
the  motor  controller's  software  routine  for  brak- 
ing  the  motor  according  to  the  present  invention; 
and 
FIGURE  5  is  a  flow  chart  of  the  voltage  zero 
crossing  interrupt  routine  for  the  motor  control- 
ler. 

Detailed  Description  of  the  Invention 

With  initial  reference  to  Figure  1  ,  a  three-phase 
electric  motor  10  has  three  stator  windings  11,  12 
and  13.  The  application  of  electricity  to  the  motor 
10  is  regulated  by  a  motor  controller  20,  having  a 
thyristor  switch  module  14.  The  switch  module  14 
includes  three  pairs  of  SCR's  16,  17,  and  18  with 
the  SCR's  in  each  pair  connected  in  an  anti-parallel 

relationship.  Each  SCR  pair  couples  one  of  the 
stator  windings  11,  12  or  13  to  a  supply  line  A,  B, 
or  C  from  a  source  of  three-phase  alternating  elec- 
tricity. 

5  The  SCR  pairs  16-18  are  triggered,  or  fired,  by 
a  control  circuit  that  includes  a  microcomputer  21  , 
five  voltage  comparators  22,  23,  24,  25  and  55, 
AND  gate  40,  a  differential  amplifier  50,  and  a  zero 
voltage  crossing  detector  60.  The  microcomputer 

io  21  may  be  a  6801  type  sold  by  Hitachi  America, 
Ltd.,  which  contains  a  microprocessor,  timer  cir- 
cuits,  a  read  only  memory,  and  a  random  access 
memory  in  the  same  integrated  circuit  package. 
The  program  for  controlling  the  operation  of  the 

is  motor  controller  20  is  stored  in  the  read  only  mem- 
ory.  This  program  is  similar  to  those  used  with 
conventional  motor  controllers  insofar  as  the  func- 
tions  of  starting  and  operating  the  motor  at  its 
normal  running  speed.  As  will  be  explained  in  de- 

20  tail,  the  program  contains  a  novel  routine  for  brak- 
ing  the  motor  10  and  determining  when  it  has 
stopped. 

The  microcomputer  21  generates  properly 
timed  thyristor  trigger  signals  on  three  lines  26,  27, 

25  and  28  of  a  parallel  output  port.  The  first  output  line 
26  is  coupled  by  a  first  conventional  isolation  trans- 
former  31  to  the  gate  terminals  of  the  first  pair  of 
SCR's  16  for  electricity  supply  line  A.  The  other 
trigger  signal  output  lines  27  and  28  are  coupled 

30  by  similar  isolation  transformers  32  and  33  to  the 
gate  terminals  of  the  second  and  third  SCR  pairs 
17  and  18,  respectively,  for  electricity  supply  lines 
B  and  C. 

Three  terminals  41  ,  42,  and  43  couple  each  of 
35  the  stator  windings  11-13  to  the  motor  controller 

20.  Three  equal  value  resistors  34-36  are  coupled 
to  terminals  41-43  in  a  Y  connection  with  the  com- 
mon  node  37  of  the  Y  connected  to  the  ground  of 
the  control  circuit.  The  voltage  across  each  resistor 

40  34,  35,  and  36  equals  the  voltage  Va,  Vb,  and  Vc 
across  the  three  stator  windings  11,  12,  and  13, 
respectively.  The  potential  at  the  common  node  37 
of  the  Y  resistor  connection  is  the  same  as  the 
neutral  node  15  of  the  motor  windings,  which  is 

45  substantially  equal  to  ground  potential. 
Four  voltage  comparators  22,  23,  24,  and  25 

sense  the  voltage  across  the  stator  windings  11-13. 
The  non-inverting  input  of  three  of  these  voltage 
comparators  22,  23,  and  24  is  coupled  by  a  sepa- 

50  rate  voltage  divider  44,  45,  or  46  to  one  of  the 
stator  winding  terminals  41  ,  42,  or  43,  respectively. 
The  three  voltage  dividers  44-46  reduce  the  stator 
winding  voltages  to  levels  compatible  with  the  com- 
parators  22,  23,  and  24.  The  outputs  of  the  three 

55  comparators  22,  23,  and  24  are  connected  to  three 
lines  of  a  parallel  input  port  of  the  microcomputer 
21. 

3 
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The  inverting  inputs  of  voltage  comparators  22 
and  23  are  connected  to  the  circuit  ground.  The 
inverting  input  of  voltage  comparator  24  is  con- 
nected  to  a  preset  negative  voltage  supplied  by  a 
fourth  voltage  divider  38  coupled  between  a  nega- 
tive  voltage  source  V-  and  ground.  Voltage  com- 
parator  24  produces  an  output  which  indicates 
whether  the  back  emf  voltage  across  the  third 
motor  winding  13  is  above  or  below  a  negative 
reference  voltage  V~REF.  The  negative  reference 
voltage  V~REF  is  in  the  range  between  negative  two 
volts  and  ground  potential  (e.g.  -1  volt).  It  should 
be  noted  that  because  the  back  emf  voltage  is 
stepped  down  by  the  third  voltage  divider  46,  volt- 
age  comparator  24  actually  compares  this  stepped 
down  voltage  to  a  lower  voltage  level  than  V~REF. 
However,  the  comparator  24  and  voltage  dividers 
38  and  46  form  a  means  which  performs  the  func- 
tion  of  comparing  the  back  emf  voltage  across  the 
third  motor  winding  13  to  the  negative  reference 
voltage. 

The  center  node  of  the  third  voltage  divider  46 
is  also  connected  to  the  inverting  input  of  voltage 
comparator  25.  A  fifth  voltage  divider  39  is  coupled 
between  the  positive  voltage  source  V+  and  ground 
to  supply  a  preset  positive  voltage  to  the  inverting 
input  of  voltage  comparator  25.  Voltage  comparator 
25  produces  an  output  which  indicates  whether  the 
back  emf  voltage  across  the  third  motor  winding  13 
is  above  or  below  a  positive  reference  voltage 
V+ref-  The  positive  reference  voltage  V+REF  is  in 
the  range  between  ground  potential  and  two  volts 
(e.g.  one  volt)  and  does  not  necessarily  have  the 
same  value  as  the  absolute  value  of  the  negative 
reference  voltage  |V~REF|.  Therefore,  the  compara- 
tor  25  and  voltage  dividers  46  and  39  form  a 
means  for  comparing  the  back  emf  voltage  induced 
in  the  third  motor  winding  13  to  the  positive  refer- 
ence  voltage. 

The  outputs  of  voltage  comparators  24  and  25 
are  connected  to  inputs  of  AND  gate  40,  whose 
output  is  coupled  to  another  input  of  the  microcom- 
puter  21.  The  AND  gate  40  logically  combines  the 
outputs  of  comparators  24  and  25  to  produce  an 
output  signal  which  indicates  when  the  back  emf 
voltage  is  between  the  positive  and  negative  refer- 
ence  voltage  levels.  Due  to  differences  in  the  volt- 
age  comparator  operation,  the  AND  gate  output 
may  in  practice  indicate  when  the  back  emf  voltage 
is  equal  to  or  between  the  two  reference  voltage 
levels.  This  difference  is  inconsequential  to  the 
overall  operation  of  the  circuit  and  both  indications 
are  considered  to  be  equivalent  insofar  as  the 
present  invention  is  concerned.  Alternatively,  the 
outputs  of  both  voltage  comparators  24  and  25  can 
be  coupled  directly  to  inputs  of  the  microcomputer 
21  and  the  logical  operation  of  AND  gate  40  can  be 
performed  by  the  microcomputer  software. 

The  A  and  B  supply  lines  are  separately  coup- 
led  by  resistors  51  and  52  to  the  non-inverting  and 
inverting  inputs  of  a  differential  amplifier  50.  The 
non-inverting  input  is  also  coupled  to  the  circuit 

5  ground  by  resistor  53.  A  feedback  resistor  54  is 
connected  between  the  output  of  the  differential 
amplifier  50  and  its  inverting  input.  The  output  of 
the  differential  amplifier  50  is  connected  to  the  non- 
inverting  input  of  voltage  comparator  55  whose 

io  inverting  input  is  coupled  to  ground  by  resistor  56. 
The  output  of  voltage  comparator  55  is  connected 
to  another  line  of  the  microcomputer  parallel  input 
port.  The  level  of  this  input  indicates  the  polarity  of 
the  voltage  Vab  across  A  and  B  supply  lines  with 

is  respect  to  ground.  The  output  of  the  differential 
amplifier  50  is  further  connected  to  a  zero  crossing 
detector  60  which  senses  when  the  voltage  output 
of  the  differential  amplifier,  and  hence  the  voltage 
Vab  across  supply  lines  A  and  B,  goes  through 

20  zero  volts.  The  output  signal  from  the  zero  crossing 
detector  60  is  connected  to  an  interrupt  input  (IRQ) 
of  the  microcomputer  21  . 

Additional  input  port  lines  of  the  microcomputer 
21  are  connected  to  two  manual  pushbutton  switch- 

25  es  57  and  58.  These  additional  input  port  lines  are 
also  coupled  by  a  pair  of  pull-up  resistors  61  and 
62  to  the  positive  voltage  supply  for  the  motor 
controller  20.  Activation  of  these  switches  57  and 
58  pulls  the  corresponding  microcomputer  input 

30  line  to  ground.  The  first  switch  57  is  activated  to 
start  the  motor  10  and  the  second  switch  58  ini- 
tiates  the  motor  braking  function,  as  will  be  de- 
scribed. 

In  response  to  the  closure  of  the  first  pushbut- 
35  ton  switch  57,  the  microcomputer  21  commences 

executing  a  conventional  program  for  starting  and 
controlling  the  normal  running  of  the  motor  10. 
However,  the  motor  controller  20  offers  the  oper- 
ator  an  improved  method  for  stopping  the  motor. 

40  By  pressing  the  second  pushbutton  switch  58,  the 
operator  initiates  the  braking  function  of  the  motor 
controller  20  which  stops  the  motor  faster  than  by 
simply  disconnecting  the  electricity. 

The  braking  technique  involves  applying  cur- 
45  rent  pulses  to  the  motor  10  at  specific  times  to 

generate  an  electromagnetic  field  which  produces  a 
negative  motor  torque  thereby  slowing  the  motor's 
rotor.  It  has  been  determined  that  this  can  be 
achieved  by  applying  the  alternating  electricity 

50  when  the  polarity  of  its  instantaneous  supply  volt- 
age  is  opposite  to  the  polarity  of  the  back  elec- 
tromotive  force  (emf)  induced  voltage  of  the  motor 
(i.e.  one  of  these  voltages  is  positive  and  the  other 
is  negative  with  respect  to  ground  potential).  The 

55  back  emf  results  from  the  magnetism  of  the  rotor 
and  the  rotating  magnetic  field  produced  by  that 
magnetism  as  the  rotor  slows.  As  used  herein,  the 
terms  "back  emf  voltage"  and  "back  emf  induced 
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voltage"  refer  to  the  voltage  induced  in  a  winding 
of  the  motor  by  this  rotating  magnetic  field  at 
periods  when  electricity  is  not  being  applied  to 
brake  the  motor. 

Specifically,  referring  to  Figure  1  ,  the  back  emf 
induced  voltage  Vc  across  the  third  stator  coil  13  is 
sensed  by  voltage  comparator  24.  The  output  of 
voltage  comparator  essentially  represents  the  po- 
larity  of  the  sensed  back  emf  induced  voltage.  Note 
that  the  voltage  comparator  24  actually  compares 
the  back  emf  voltage  Vc  of  the  third  stator  winding 
13  to  the  small  negative  voltage  and  not  to  ground. 
If  a  more  true  sensing  of  this  back  emf  voltage  Vc 
is  desired,  a  separate  voltage  comparator  can  be 
provided  which  compares  the  back  emf  voltage  Vc 
to  ground.  The  polarity  of  the  alternating  supply 
voltage  Vab  across  lines  A  and  B  is  sensed  by  the 
fifth  voltage  comparator  55.  After  each  zero  voltage 
crossing  of  the  supply  voltage  Vab  as  sensed  by 
detector  60,  the  microcomputer  21  examines  the 
polarity  of  the  two  sensed  voltage  samples.  If  the 
polarities  are  opposite  (i.e.  one  is  positive  and  the 
other  negative  with  respect  to  circuit  ground),  the 
pairs  of  SCR's  16  and  17  for  the  A  and  B  supply 
lines  are  triggered  by  a  short  pulse  applied  to  their 
gate  electrodes  after  a  fixed  delay  from  the  occur- 
rence  of  the  zero  crossing.  The  delay  can  be  set  to 
any  interval  up  to  almost  one  half  the  period  of  the 
supply  voltage.  The  shorter  the  delay  the  more 
current  is  applied  to  the  motor  and  the  greater  the 
braking  effect.  When  triggered,  the  pairs  of  SCR's 
16  and  17  apply  current  to  the  motor  until  the 
alternating  supply  current  lab  passes  through  zero 
amperes,  at  which  point  the  SCR's  automatically 
turn  off  until  triggered  again  by  the  microcomputer 
21. 

As  the  motor  10  slows  down,  the  phase  rela- 
tionship  between  the  back  emf  voltage  Vc  and  the 
supply  line  voltage  Vab  changes.  As  a  result,  the 
pairs  of  SCR's  16  and  17  are  triggered  more  and 
more  frequently  thereby  increasing  the  braking 
force.  Waveforms  I,  II  and  III  of  Figure  2  concep- 
tually  illustrate  the  current  lab  that  flows  through 
the  first  and  second  stator  windings  11  and  12  at 
three  progressively  slower  speeds  during  the  brak- 
ing.  In  waveform  I,  the  first  and  second  pairs  of 
SCR's  16  and  17  are  triggered  only  during  an 
occasional  positive  half  cycle  of  the  supply  line 
voltage  Vab.  As  the  motor  slows,  additional  trigger- 
ing  occurs  during  occasional  negative  half  cycles 
between  the  positive  half  cycle  triggering  as  shown 
by  waveform  II.  It  should  be  understood  that  the 
number  of  cycles  of  the  supply  line  voltage  Vab 
between  the  SCR  triggering  depicted  in  waveforms 
I  and  II  is  significantly  greater  than  that  illustrated. 
Continued  slowing  of  the  motor  results  in  the 
SCR's  being  triggered  during  every  cycle  of  the 
supply  line  voltage  Vab  as  illustrated  by  waveform 

III.  Although  the  example  in  Figure  2  III  shows 
triggering  during  the  positive  half  cycles,  this  latter 
triggering  can  occur  during  each  positive  or  nega- 
tive  half  cycle.  Additional  SCR  trigger  patterns  oc- 

5  cur  between  those  illustrated  in  Figure  2. 
The  present  invention  provides  a  method  for 

detecting  when  the  motor  has  stopped  so  that  the 
triggering  of  the  SCR's  and  the  current  applied  to 
the  motor  thereby  can  be  discontinued.  As  the 

io  motor  slows  to  very  near  stopping,  less  and  less 
current  is  induced  in  the  rotor  winding  by  the 
braking  current  lab.  With  less  current  through  the 
rotor  winding,  the  back  emf  and  the  voltage  it 
induces  across  winding  13  decrease.  Figure  3  de- 

15  picts  the  voltage  induced  across  the  third  stator 
winding  13  in  the  later  stage  of  the  motor  stopping. 
Initially  a  relatively  large  negative  voltage  (referen- 
ced  to  the  neutral  node  15  of  the  motor  10)  is 
induced  as  a  result  of  a  positive  current  lab  in 

20  windings  11  and  12.  With  further  reduction  in  motor 
speed,  the  back  emf  voltage  induced  in  the  third 
winding  13  begins  ringing  about  zero  volts  with  the 
absolute  voltage  magnitude  with  respect  to  that 
axis  continuing  to  decrease.  Eventually  after  time 

25  T+,  the  induced  voltage  settles  at  a  voltage  level 
which  is  relatively  close  to  zero  volts. 

It  should  be  noted  that  if  the  braking  current 
lab  flows  in  the  opposite  direction  to  that  illustrated 
in  Figure  1,  the  back  emf  voltage  waveform  of 

30  Figure  3  will  be  inverted.  That  is,  it  will  initially  have 
a  positive  value  prior  to  time  T1  .  Furthermore,  for 
ease  of  illustration,  the  time  scale  of  Figure  3  has 
been  compressed  with  more  cycles  occurring  be- 
tween  times  T1  ,  T2,  T3  and  T+  than  are  illustrated. 

35  The  present  invention  takes  advantage  of  this 
back  emf  induced  voltage  pattern  to  determine 
when  the  motor  has  stopped.  The  technique  for 
making  this  determination  is  implemented  in  a  soft- 
ware  routine  for  the  microcomputer  21  of  the  motor 

40  controller  20  illustrated  in  Figure  1.  The  software 
routine  for  braking  the  motor  begins  by  the  micro- 
computer  21  initializing  the  addresses  in  its  mem- 
ory  that  contain  the  values  of  the  variables  and 
counters  used  in  the  routine,  as  depicted  at  step  70 

45  of  the  flowchart  of  Figure  4A.  The  present  value 
(TIME)  of  the  microcomputer  timer  is  saved  in 
memory  as  time  T0  at  step  71  to  indicate  when  the 
braking  commenced.  Once  the  initialization  is  com- 
plete,  the  microcomputer  21  checks  an  interrupt 

50  flag  at  step  72  to  determine  if  the  zero  crossing 
detector  60  has  found  a  crossing.  If  this  flag  is  not 
set,  the  program  loops,  continually  checking  the 
interrupt  flag. 

The  flag  is  set  by  an  interrupt  routine  illustrated 
55  in  Figure  5,  which  is  executed  whenever  the  detec- 

tor  60  senses  a  zero  crossing  of  the  voltage  Vab 
across  the  A  and  B  supply  lines.  Whenever  this 
voltage  crossing  occurs,  the  microcomputer  21  is 

5 
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interrupted  and,  at  step  66,  loads  the  value  (TIME) 
of  its  timer  into  a  memory  location  designated  Tvo 
to  store  the  time  at  which  the  zero  crossing  oc- 
curred.  The  interrupt  flag  is  set  at  step  67  and  the 
polarity  of  the  instantaneous  voltage  across  the  A 
and  B  supply  lines  (as  sensed  by  voltage  compara- 
tor  55)  is  stored  in  the  microcomputer  memory  at 
step  68.  The  interrupt  routine  then  ends  by  return- 
ing  to  the  step  of  the  flow  chart  in  Figures  4A  and 
4B  that  was  being  executed  when  the  interrupt 
occurred.  Typically,  a  zero  crossing  will  occur  while 
the  program  is  looping  through  step  72. 

Referring  again  to  Figure  4A,  when  the  setting 
of  the  interrupt  flag  is  sensed  at  step  72,  the  flag  is 
reset  at  process  block  73  and  the  program  execu- 
tion  advances  to  step  74.  A  constant  delay  interval 
is  added  to  the  stored  zero  crossing  time  Tvo  to 
determine  the  time  (TF|RE)  at  which  trigger  the  A 
and  B  phase  SCR  pairs  16  and  17  for  motor 
braking.  The  shorter  the  delay  the  sooner  in  the 
voltage  half  cycle  the  SCR's  will  be  triggered  and 
the  stronger  the  braking  force.  A  minimum  delay  is 
provided  to  insure  that  the  SCR's  will  not  be  trig- 
gered  until  the  alternating  current  through  them 
from  the  previous  triggering  has  gone  to  zero  and 
the  SCR's  have  turned  off.  The  present  value  of  the 
microcomputer  timer  (TIME)  then  is  compared  to 
the  triggering  time  (TF|RE)  at  step  75.  If  it  is  not 
time  to  trigger  the  SCR's,  the  program  loops  until 
the  proper  time. 

At  that  proper  time,  the  program  exits  the  loop 
and  advances  to  step  76  where  the  microcomputer 
21  examines  the  input  level  from  voltage  compara- 
tor  24  representing  the  polarity  of  the  back  emf 
voltage  Vc  induced  across  the  third  stator  winding 
13.  At  the  same  time,  the  microcomputer  21  sam- 
ples  the  input  from  AND  gate  40,  which  indicates 
whether  the  back  emf  voltage  Vc  is  greater  than 
the  negative  voltage  reference  level  V-  REF  and  less 
than  the  positive  voltage  reference  level  V+REF.  The 
input  from  the  AND  gate  is  stored  in  the  microcom- 
puter's  internal  memory  for  later  use,  as  will  be 
described.  Since  the  sensing  of  the  back  emf  in- 
duced  voltage  occurs  at  time  (TRRE),  but  prior  to 
triggering  the  SCR's,  the  voltage  is  sensed  when 
electricity  from  the  supply  is  not  flowing  through 
the  motor.  This  insures  that  the  voltage  being 
sensed  across  the  third  stator  winding  13  is  from 
the  back  emf  and  not  due  to  inductive  coupling  of 
the  supply  current  lab  flowing  through  stator  win- 
dings  1  1  and  12. 

The  program  execution  then  advances  to  step 
77  where  an  operation  mode  indicator  variable 
(MODE)  is  examined  to  determine  if  the  controller 
is  in  the  discontinuous  triggering  mode  (i.e. 
MODE  =  0).  In  this  mode  of  braking  operation,  the 
first  and  second  pairs  of  SCR's  16  and  17  are  not 
as  yet  being  triggered  during  every  cycle  of  the 

supply  line  voltage  Vab.  As  noted  previously,  when 
the  braking  begins  these  SCR  pairs  16  and  17  are 
fired  only  once  every  several  cycles  of  the  supply 
voltage.  Therefore,  initially  the  braking  apparatus 

5  will  be  in  the  discontinuous  triggering  mode. 
During  this  discontinuous  mode  of  operation, 

commencing  at  step  78,  the  microcomputer  21 
compares  the  polarity  of  the  sensed  back  emf 
voltage  Vc  to  the  polarity  of  the  voltage  Vab  across 

io  supply  lines  A  and  B  as  detected  by  comparator 
55.  If  these  polarities  are  the  same,  that  is  the 
voltages  are  both  positive  or  negative  with  respect 
to  ground  potential,  a  half-cycle  counter  in  the 
microcomputer  memory  is  incremented  at  step  79 

is  and  the  program  returns  to  step  72  to  await  another 
zero  voltage  crossing. 

As  explained  above,  the  first  and  second  SCR 
pairs  16  and  17  are  triggered  in  the  discontinuous 
mode  only  when  the  back  emf  induced  voltage  Vc 

20  and  the  supply  line  voltage  Vab  are  opposite  in 
polarity  with  respect  to  ground  potential.  When  this 
polarity  condition  is  detected  by  the  microcomputer 
21  at  step  78,  a  determination  is  made  at  step  80 
as  to  whether  these  pairs  of  SCR's  now  are  being 

25  triggered  during  every  cycle  of  the  supply  line 
voltage.  The  SCR's  are  being  triggered  with  this 
frequency  when  only  one  cycle  of  the  supply  line 
voltage  occurs  between  triggerings.  This  occur- 
rence  indicated  by  the  half-cycle  counter  having 

30  the  value  one  when  it  is  read  at  step  80.  When  the 
SCR's  begin  being  triggered  every  cycle,  the  pro- 
gram  enters  the  continuous  firing  mode  where  the 
SCR's  16  and  17  are  fired  during  every  supply 
voltage  cycle  regardless  of  the  back  emf  polarity. 

35  At  this  point,  the  motor  has  slowed  considerably 
and  the  back  emf  voltage  polarity  begins  fluctuat- 
ing  as  shown  in  Figure  3.  Therefore,  the  back  emf 
voltage  is  no  longer  a  reliable  indicator  of  when  to 
apply  a  braking  current  to  the  motor.  When  the 

40  SCR's  are  triggered  during  every  supply  voltage 
cycle,  the  MODE  variable  is  incremented  at  step 
81  ,  otherwise  the  half-cycle  counter  is  reset  at  step 
82. 

Then,  the  first  and  second  pairs  of  SCR's  16 
45  and  17  are  triggered  by  the  microcomputer  21 

applying  a  brief  pulse  to  their  gate  electrodes  at 
step  83.  This  triggering  renders  the  SCR's  conduc- 
tive  and  sends  a  current  lab  through  the  first  and 
second  stator  coils  11  and  12.  The  current  lab 

50  generates  an  electromagnetic  field  that  interacts 
with  the  magnetic  field  from  the  rotor  to  slow  the 
rotor.  Specifically,  the  SCR's  are  triggered  at  times 
when  the  electromagnetic  field  interaction  will  pro- 
duce  a  negative  torque  in  the  motor.  Once  trig- 

55  gered,  the  SCR's  remain  conductive  until  the  al- 
ternating  current  lab  goes  to  zero.  Then,  the  SCR's 
turn  off  and  remain  so  until  triggered  again.  After 
the  SCR's  are  triggered,  the  program  execution 

6 
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returns  to  step  72  to  await  another  zero  crossing  of 
the  voltage  across  supply  lines  A  and  B. 

Eventually,  the  motor  10  will  slow  down  to 
approximately  thirty  percent  of  its  normal  running 
speed  prior  to  the  initiation  of  the  braking.  At  this 
point,  the  SCR's  begin  to  be  triggered  during  every 
cycle  of  the  supply  line  voltage,  either  during  every 
positive  or  negative  half  cycle.  This  event  is  de- 
tected  at  step  80  and  the  operation  mode  indicator 
variable  is  incremented  (MODE  =  1)  to  designate 
that  the  continuous  firing  mode  has  been  entered. 

Thereafter,  the  program  execution  branches 
every  time  from  decision  block  77  to  the  first  step 
84  of  the  continuous  firing  mode  branch  on  Figure 
4B.  This  program  branch  triggers  the  first  and 
second  SCR  pairs  16  and  17  during  every  cycle  of 
the  supply  line  voltage  Vab  and  detects  when  the 
back  emf  voltage  induced  in  winding  13  is  within 
the  reference  voltage  range  for  a  given  number  of 
consecutive  cycles.  In  the  described  embodiment 
the  SCR  pairs  16  and  17  now  are  triggered  during 
every  positive  half  cycle  of  the  supply  voltage  Vab 
regardless  of  the  polarity  of  the  back  emf  voltage 
induced  in  winding  13.  The  selection  of  the  positive 
half  cycle  is  arbitrary  and  every  negative  half  cycle 
could  have  been  used.  At  the  beginning  of  this 
program  branch  at  step  84,  the  microcomputer  21 
examines  the  output  of  the  voltage  comparator  55 
to  determine  if  the  voltage  across  the  A  and  B 
supply  lines  is  positive  with  respect  to  the  supply 
neutral,  or  ground.  If  the  supply  voltage  is  positive, 
the  two  SCR  pairs  16  and  17  are  triggered  at  step 
85  before  advancing  to  step  86. 

At  step  86  on  Figure  4B,  the  microcomputer  21 
examines  the  MODE  variable.  The  first  time  that 
this  examination  is  made,  the  MODE  variable  will 
equal  one  and  the  program  execution  will  branch  to 
step  90.  At  this  point,  the  microcomputer  21  exam- 
ines  the  input  from  AND  gate  40  that  was  pre- 
viously  sampled  at  step  76.  This  input  indicates 
whether  the  back  emf  voltage  Vc  is  greater  than 
the  negative  voltage  reference  level  V- ref  3nd  less 
than  the  positive  voltage  reference  level  V+REF. 

In  the  continuous  triggering  mode,  the  back 
emf  voltage  Vc  comparison  is  sampled  by  the 
microcomputer  21  during  every  half  cycle  of  the 
supply  voltage  Vab,  as  indicated  by  the  circles  on 
the  voltage  waveform  of  Figure  3.  Prior  to  approxi- 
mately  time  T3,  the  back  emf  voltage  samples  can 
vary  inside  and  outside  of  the  reference  voltage 
range.  For  example,  the  back  emf  voltage  sample 
just  prior  to  time  Ti  is  outside  of  the  range  V_REF 
to  V+ ref-  Therefore,  when  evaluating  this  sample, 
the  program  execution  branches  from  step  90  to 
step  91  where  a  sample  counter  in  the  microcom- 
puter  memory  is  cleared  before  returning  to  step 
72. 

Since  the  sample  taken  at  time  Ti  is  within  the 
range,  when  this  sample  is  evaluated,  the  program 
execution  advances  from  step  90  to  step  92.  At  this 
stage,  the  sample  counter  in  the  microcomputer 

5  memory  is  incremented  and  then  checked  at  step 
93.  The  count  in  the  sample  counter  indicates  the 
number  of  consecutive  back  emf  voltage  samples 
which  fall  within  the  reference  voltage  range.  Until 
this  count  equals  a  preset  number  X,  for  example 

io  fifteen,  the  program  execution  will  return  to  step  72. 
Since  the  next  sample  after  time  Ti  is  outside 

of  the  reference  voltage  range.  This  sample  will 
cause  the  program  execution  to  branch  to  step  91 
where  the  sample  counter  will  be  reset  to  zero. 

is  From  time  T3  on,  the  back  emf  voltage  sam- 
ples  are  all  within  the  reference  voltage  range 
V~rEF  to  V+REF.  The  sample  counter  now  will  be 
incremented  at  step  92  by  each  consecutive  volt- 
age  sample  until  fifteen  such  samples  occur.  At 

20  this  point,  the  program  execution  will  advance  from 
step  93  to  step  94  where  the  MODE  variable  is  set 
equal  to  two.  Then,  at  step  95,  the  microcomputer 
21  calculates  a  braking  current  shut-off  delay  inter- 
val  TD.  For  example,  this  delay  interval  is  five 

25  percent  of  the  time  that  it  took  the  motor  speed  to 
decrease  from  full  speed  when  braking  com- 
menced  (at  time  T0)  to  when  the  fifteen  consecu- 
tive  samples  were  found  within  the  reference  volt- 
age  window  (i.  e.  the  present  timer  value).  Although 

30  five  percent  of  this  time  period  produces  satisfac- 
tory  results  with  motors  tested  by  the  present  in- 
ventors,  other  percentages  may  produce  optimum 
results  with  other  motors  and  loads.  If  the  motor 
was  below  full  speed  when  braking  commenced, 

35  the  calculated  delay  may  be  too  short.  Therefore, 
as  a  safeguard,  the  shut-off  delay  interval  TD 
should  have  a  minimum  value,  for  example  one 
second.  Alternatively,  a  fixed  delay  period  can  be 
employed,  however  unless  this  fixed  period  is  set 

40  for  a  specific  motor  and  load,  the  motor  may  not 
stop  within  the  delay  period.  Once  the  delay  inter- 
val  TD  has  been  calculated,  a  delay  timer  within  the 
microcomputer  21  is  set  to  that  interval  at  step  96. 
The  delay  timer  is  decremented  at  a  fixed  rate  as  a 

45  background  operation  of  the  microcomputer  in  a 
conventional  manner. 

Since  the  MODE  variable  at  this  point  equals 
two  for  the  remainder  of  the  braking  process,  the 
program  execution  will  branch  from  step  86  to  step 

50  98  after  each  subsequent  firing  of  the  A  and  B 
phase  SCR  pairs  16  and  17.  At  this  step,  the  delay 
timer  is  checked  to  determine  if  it  has  timed  out. 
As  long  as  the  timer  has  a  non-zero  value,  the 
program  execution  continues  to  loop  back  to  step 

55  72.  When  the  delay  timer  reaches  zero,  the  motor 
braking  routine  ends  by  returning  to  the  main  mo- 
tor  control  program. 

7 
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As  is  apparent  from  the  description  of  the 
present  invention  given  above,  the  back  emf  volt- 
age  induced  in  an  inactive  winding  13  of  the  motor 
during  braking  is  used  to  determine  when  the  mo- 
tor  has  stopped.  By  detecting  when  this  back  emf 
voltage  is  within  a  small  range  of  voltages  around 
the  zero  volt  level  for  a  certain  period,  an  indication 
is  given  that  the  motor  is  about  to  stop.  This 
indication  commences  a  shut-off  delay  interval  at 
the  expiration  of  which  the  application  of  current  to 
brake  the  motor  terminates. 

Alternatively,  rather  than  using  two  reference 
voltage  levels  (V~REF  to  V+REF),  a  single  voltage 
level  could  be  employed.  For  example  at  step  90 
the  back  emf  induced  voltage  could  be  compared 
only  to  V-  REF  and  when  the  voltage  was  greater 
than  the  single  reference,  a  branch  to  step  92 
occurs.  In  this  case  the  range  of  voltage  levels 
being  detected  at  step  90  are  those  levels  which 
are  greater  than  the  single  reference  level  (i.e. 
between  the  reference  level  and  infinity).  However 
with  this  alternative,  the  final  mode  of  operation  will 
commence  sooner  (i.e.  at  time  T2)  and  a  longer 
delay  period  will  have  to  be  provided. 

Furthermore,  the  operation  of  the  present  mo- 
tor  stoppage  detection  apparatus  adapts  to  the 
characteristics  of  the  motor  and  load.  The  final 
shut-off  delay  is  directly  proportional  to  the  time  it 
takes  the  motor  to  decrease  from  full  speed  to 
when  the  back  emf  is  within  the  defined  voltage 
range  for  a  set  interval.  Therefore,  even  if  the 
motor  and  load  characteristics  vary,  the  motor 
stoppage  detection  is  adjusted  accordingly. 

Claims 

1.  A  method  for  determining  when  an  electric 
motor  has  stopped,  comprising  the  steps  of: 

sensing  the  level  of  the  back  emf  voltage 
induced  in  a  winding  of  the  electric  motor, 

comparing  the  level  of  the  back  emf  volt- 
age  to  a  first  reference  voltage  level  and  a 
second  reference  voltage  level; 

determining  when  the  level  of  the  back 
emf  voltage  is  between  the  first  and  second 
reference  voltage  levels; 

calculating  the  amount  of  time  that  the 
level  of  the  back  emf  voltage  is  between  the 
first  and  second  reference  voltage  levels;  and 

producing  an  indicium  of  motor  stoppage 
when  the  amount  of  time  reaches  a  predeter- 
mined  value. 

2.  The  method  as  recited  in  claim  1  wherein  the 
first  reference  voltage  level  has  a  positive  val- 
ue  (V+ref)  with  reference  to  ground  potential, 
and  wherein  the  second  reference  voltage  level 
has  a  negative  value  (V~ref)  with  reference  to 

ground  potential. 

3.  The  method  as  recited  in  either  claim  1  or 
claim  2  wherein  said  step  of  calculating  pe- 

5  riodically  produces  a  sample  of  a  signal  which 
indicates  whether  the  level  of  the  back  emf 
voltage  is  between  the  first  and  second  refer- 
ence  voltage  levels. 

io  4.  The  method  as  recited  in  claim  3  wherein  said 
step  of  calculating  the  amount  of  time  pro- 
duces  a  count  of  the  number  of  consecutive 
samples  which  indicate  that  the  back  emf  volt- 
age  is  between  the  first  and  second  reference 

is  voltage  levels  and  wherein  the  indicium  of  mo- 
tor  stoppage  is  produced  when  the  count 
reaches  a  predefined  value. 

5.  The  method  as  recited  in  claim  3  wherein  said 
20  step  of  calculating  the  amount  of  time  pro- 

duces  a  count  of  the  number  of  consecutive 
samples  of  the  back  emf  voltage  which  are 
between  the  first  and  second  reference  voltage 
levels,  and  wherein  the  indicium  of  motor  stop- 

25  page  is  produced  a  given  interval  after  the 
count  reaches  a  predefined  value. 

6.  The  method  as  recited  in  claim  5  further  in- 
cludes  the  step  of  deriving  the  given  interval 

30  from  the  amount  of  time  that  elapses  between 
when  the  electric  motor  begins  to  slow  in 
speed  and  when  the  count  equals  the  predefin- 
ed  value. 

35  7.  The  method  as  recited  in  claim  5  further  in- 
cludes  the  step  of  deriving  a  value  for  the 
given  interval  which  substantially  equals  five 
percent  of  the  amount  of  time  that  elapses 
between  when  the  electric  motor  begins  to 

40  slow  in  speed  and  when  the  count  equals  the 
predefined  value. 

8.  An  apparatus  for  determining  when  an  electric 
motor  (10)  has  stopped,  said  apparatus  com- 

45  prising: 
a  means  (34-36)  for  sensing  the  level  of 

the  back  emf  voltage  induced  in  a  winding  of 
the  electric  motor; 

a  first  means  (25)  for  comparing  the  level 
50  of  the  back  emf  voltage  to  a  first  reference 

voltage  level; 
a  second  means  (24)  for  comparing  the 

level  of  the  back  emf  voltage  to  a  second 
reference  voltage  level; 

55  means  (40),  responsive  to  said  first  and 
second  means  (25,  24)  for  comparing,  for  de- 
termining  when  the  level  of  the  back  emf  volt- 
age  is  between  the  first  and  second  reference 
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voltage  levels;  and 
means  (21)  for  calculating  the  amount  of 

time  that  the  level  of  the  back  emf  voltage  is 
between  the  first  and  second  reference  voltage 
levels,  and  in  response  thereto  producing  an 
indicium  of  motor  stoppage  when  the  amount 
of  time  reaches  a  predetermined  value. 

9.  The  apparatus  as  recited  in  claim  8  wherein 
the  first  reference  voltage  level  has  a  positive 
value  (V+ref)  with  reference  to  ground  poten- 
tial,  and  wherein  the  second  reference  voltage 
level  has  a  negative  value  (V~ref)  with  refer- 
ence  to  ground  potential. 

10.  The  apparatus  as  recited  in  either  claim  8  or 
claim  9  wherein  said  means  (21)  for  calculating 
periodically  produces  a  sample  of  a  signal 
from  said  means  (40)  for  determining  which 
indicates  whether  the  level  of  the  back  emf 
voltage  is  between  the  first  and  second  refer- 
ence  voltage  levels. 

11.  The  apparatus  as  recited  in  claim  10  wherein 
said  means  (21)  for  calculating  the  amount  of 
time  responds  to  said  means  (40)  for  determin- 
ing  by  producing  a  count  (91-92)  of  the  num- 
ber  of  consecutive  samples  which  indicate  that 
the  back  emf  voltage  is  between  the  first  and 
second  reference  voltage  levels,  and  produces 
the  indicium  of  motor  stoppage  when  the  count 
reaches  a  predefined  value. 

12.  The  apparatus  as  recited  in  claim  10  wherein 
said  means  (21)  for  calculating  the  amount  of 
time  responds  to  said  means  (40)  for  determin- 
ing  by  producing  a  count  (91-92)  of  the  num- 
ber  of  consecutive  samples  of  the  back  emf 
voltage  which  are  between  the  first  and  second 
reference  voltage  levels,  and  produces  the  in- 
dicium  of  motor  stoppage  a  given  interval  after 
the  count  reaches  a  predefined  value. 

13.  The  apparatus  as  recited  in  claim  12  further 
includes  means  (21  ,  95)  for  deriving  the  given 
interval  from  the  amount  of  time  that  elapses 
between  when  the  electric  motor  (10)  begins  to 
slow  in  speed  and  when  the  count  equals  the 
predefined  value. 

14.  The  apparatus  as  recited  in  claim  12  further 
includes  means  (21  ,  95)  for  deriving  a  value  for 
the  given  interval  which  substantially  equals 
five  percent  of  the  amount  of  time  that  elapses 
between  when  the  electric  motor  begins  to 
slow  in  speed  and  when  the  count  equals  the 
predefined  value. 

Patentanspruche 

1.  Verfahren  zum  Ermitteln,  wann  ein  Elektromo- 
tor  zum  Stillstand  gekommen  ist,  enthaltend 

5  die  Schritte: 
Abfuhlen  des  Niveaus  der  Gegen-EMK- 

Spannung,  die  in  einer  Wicklung  des  Elektro- 
motors  induziert  wird, 

Vergleichen  des  Niveaus  der  Gegen-EMK- 
io  Spannung  mit  einem  ersten  Referenzspan- 

nungsniveau  und  einem  zweiten  Referenzspan- 
nungsniveau, 

Ermitteln,  wann  das  Niveau  der  Gegen- 
EMK-Spannung  sich  zwischen  dem  ersten  und 

is  dem  zweiten  Referenzspannungsniveau  befin- 
det, 

Berechnen  der  Zeitdauer,  wahrend  der  das 
Niveau  der  Gegen-EMK-Spannung  zwischen 
dem  ersten  und  dem  zweiten  Referenzspan- 

20  nungsniveau  ist,  und 
Erzeugen  einer  Motorstillstandsanzeige, 

wenn  die  Zeitdauer  einen  vorbestimmten  Wert 
erreicht. 

25  2.  Verfahren  nach  Anspruch  1  ,  bei  dem  das  erste 
Referenzspannungsniveau  einen  positiven 
Wert  (V+ref)  in  bezug  auf  Massepotential  hat 
und  bei  dem  das  zweite  Referenzspannungsni- 
veau  einen  negativen  Wert  (V~ref)  in  bezug  auf 

30  Massepotential  hat. 

3.  Verfahren  nach  Anspruch  1  oder  2,  bei  dem 
der  Schritt  des  Berechnens  periodisch  eine 
Probe  eines  Signals  erzeugt,  die  angibt,  ob 

35  das  Niveau  der  Gegen-EMK-Spannung  zwi- 
schen  dem  ersten  und  dem  zweiten  Referenz- 
spannungsniveau  ist. 

4.  Verfahren  nach  Anspruch  3,  bei  dem  der 
40  Schritt  des  Berechnens  der  Zeitdauer  einen 

Zahlwert  von  der  Anzahl  aufeinanderfolgender 
Proben  erzeugt,  die  angeben,  dal3  die  Gegen- 
EMK-Spannung  zwischen  dem  ersten  und  dem 
zweiten  Referenzspannungsniveau  ist,  und  bei 

45  dem  die  Motorstillstandsanzeige  erzeugt  wird, 
wenn  der  Zahlwert  einen  vordefinierten  Wert 
erreicht. 

5.  Verfahren  nach  Anspruch  3,  bei  dem  der 
50  Schritt  des  Berechnens  der  Zeitdauer  einen 

Zahlwert  von  der  Anzahl  aufeinanderfolgender 
Proben  der  Gegen-EMK-Spannung  erzeugt, 
die  zwischen  dem  ersten  und  dem  zweiten 
Referenzspannungsniveau  sind,  und  bei  dem 

55  die  Motorstillstandsanzeige  eine  vorgegebene 
Zeitspanne  nach  dem  Zeitpunkt  erzeugt  wird, 
zu  dem  der  Zahlwert  einen  vordefinierten  Wert 
erreicht. 

9 
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6.  Verfahren  nach  Anspruch  5,  ferner  enthaltend 
den  Schritt  des  Ableitens  der  vorgegebenen 
Zeitspanne  aus  der  Zeitdauer,  die  zwischen 
dem  Zeitpunkt,  zu  dem  der  Elektromotor  mit 
der  Drehzahlverlangsamung  beginnt,  und  dem  5 
Zeitpunkt,  zu  dem  der  vordefinierte  Wert  er- 
reicht  wird,  abgelaufen  ist. 

7.  Verfahren  nach  Anspruch  5,  ferner  enthaltend 
den  Schritt  des  Ableitens  eines  Wertes  fur  die  10 
vorgegebene  Zeitspanne,  der  etwa  gleich  5% 
der  Zeitdauer  ist,  die  zwischen  dem  Zeitpunkt, 
zu  dem  der  Elektromotor  mit  der  Drehzahlver- 
langsamung  beginnt,  und  dem  Zeitpunkt,  zu 
dem  der  Zahlwert  gleich  dem  vordefinierten  is 
Wert  gleicht,  abgelaufen  ist. 

8.  Gerat  zum  Ermitteln,  wann  ein  Elektromotor 
(10)  zum  Stillstand  gekommen  ist,  welches  Ge- 
rat  enthalt:  20 

eine  Einrichtung  (34  bis  36)  zum  Abfuhlen 
des  Niveaus  der  Gegen-EMK-Spannung,  die  in 
einer  Wicklung  des  Elektromotors  induziert 
wird, 

eine  erste  Einrichtung  (25)  zum  Verglei-  25 
chen  des  Niveaus  der  Gegen-EMK-Spannung 
mit  einem  ersten  Referenzspannungsniveau, 

eine  zweite  Einrichtung  (24)  zum  Verglei- 
chen  des  Niveaus  der  Gegen-EMK-Spannung 
mit  einem  zweiten  Referenzspannungsniveau,  30 

eine  auf  die  erste  und  die  zweite  Ver- 
gleichseinrichtung  (25,  24)  ansprechende  Ein- 
richtung  (40)  zum  Ermitteln,  wann  das  Niveau 
der  Gegen-EMK-Spannung  zwischen  dem  er- 
sten  und  dem  zweiten  Referenzspannungsni-  35 
veau  ist,  und 

eine  Einrichtung  (21)  zum  Berechnen  der 
Zeitdauer,  wahrend  der  das  Niveau  der  Gegen- 
EMK-Spannung  zwischen  dem  ersten  und  dem 
zweiten  Referenzspannungsniveau  ist  und  zum  40 
Erzeugen  in  Abhangigkeit  davon  eine  Motor- 
stillstandsanzeige,  wenn  die  Zeitdauer  einen 
vorbestimmten  Wert  erreicht. 

9.  Gerat  nach  Anspruch  8,  bei  dem  das  erste  45 
Referenzspannungsniveau  einen  positiven 
Wert  (V+ref)  in  bezug  auf  Massepotential  hat 
und  bei  dem  das  zweite  Referenzspannungsni- 
veau  einen  negativen  Wert  (V~ref)  in  bezug  auf 
das  Massepotential  hat.  50 

10.  Gerat  nach  Anspruch  8  oder  9,  bei  dem  die 
Berechnungseinrichtung  (21)  von  einem  Signal 
der  Ermittlungseinrichtung  (40)  periodisch  eine 
Probe  erzeugt,  die  angibt,  ob  das  Niveau  der  55 
Gegen-EMK-Spannung  zwischen  dem  ersten 
und  dem  zweiten  Referenzspannungsniveau 
ist. 

11.  Gerat  nach  Anspruch  10,  bei  dem  die  Zeitdau- 
erberechnungseinrichtung  (21)  auf  die  Ermitt- 
lungseinrichtung  (40)  anspricht  und  einen  Zahl- 
wert  (91-92)  von  der  Anzahl  aufeinanderfolgen- 
der  Proben,  die  anzeigen,  dal3  die  Gegen- 
EMK-Spannung  zwischen  dem  ersten  und  dem 
zweiten  Referenzspannungsniveau  ist,  erzeugt 
und  die  Motorstillstandsanzeige  erzeugt,  wenn 
der  Zahlwert  einen  vordefinierten  Wert  er- 

force  contre-electromotrice  a  un  premier  ni- 
veau  de  tension  de  reference  et  a  un  second 
niveau  de  tension  de  reference; 

determiner  I'instant  ou  le  niveau  de  la  ten- 
sion  de  la  force  contre-electromotrice  se  situe 
entre  les  premier  et  second  niveaux  de  tension 
de  reference; 

calculer  la  duree  pendant  laquelle  le  ni- 

io  reicht. 

12.  Gerat  nach  Anspruch  10,  bei  dem  die  Zeitdau- 
erberechnungseinrichtung  (21)  auf  die  Ermitt- 
lungseinrichtung  (40)  anspricht  und  einen  Zahl- 

15  wert  (91-92)  von  der  Anzahl  aufeinanderfolgen- 
der  Proben  der  Gegen-EMK-Spannung,  die 
zwischen  dem  ersten  und  zweiten  Referenz- 
spannungsniveau  sind,  erzeugt  und  die  Motor- 
stillstandsanzeige  einen  vorgegebene  Zeit- 

20  spanne  nach  dem  Zeitpunkt  erzeugt,  zu  dem 
der  Zahlwert  einen  vordefinierten  Wert  er- 
reicht. 

13.  Gerat  nach  Anspruch  12,  ferner  enthaltend 
25  eine  Einrichtung  (21,  95)  zum  Ableiten  der 

vorgegebenen  Zeitspanne  aus  der  Zeitdauer, 
die  zwischen  dem  Zeitpunkt,  zu  dem  der  Elek- 
tromotor  (10)  mit  der  Drehzahlverlangsamung 
beginnt,  und  dem  Zeitpunkt,  zu  dem  der  Zahl- 

30  wert  den  vordefinierten  Wert  erreicht,  vergan- 
gen  ist. 

14.  Gerat  nach  Anspruch  12,  ferner  enthaltend 
eine  Einrichtung  (21,  95)  zum  Ableiten  eines 

35  Wertes  fur  die  vorgegebene  Zeitspanne,  der 
etwa  gleich  5%  der  Zeitdauer  betragt,  die  zwi- 
schen  dem  Zeitpunkt,  zu  dem  der  Elektromotor 
mit  der  Drehzahlverlangsamung  beginnt,  und 
dem  Zeitpunkt,  zu  dem  der  Zahlwert  dem  vor- 

40  definierten  Wert  gleicht,  abgelaufen  ist. 

Revendicatlons 

1.  Procede  pour  determiner  I'instant  ou  un  mo- 
45  teur  electrique  s'est  arrete,  comprenant  les 

etapes  consistant  a: 
detecter  le  niveau  de  la  tension  de  la  force 

contre-electromotrice  induite  dans  un  enroule- 
ment  du  moteur  electrique, 

50  comparer  le  niveau  de  la  tension  de  la 
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veau  de  la  tension  de  la  force  contre-electro- 
motrice  se  situe  entre  les  premier  et  second 
niveaux  de  tension  de  reference;  et 

produire  une  indication  d'arret  du  moteur 
lorsque  cette  duree  atteint  une  valeur  predeter-  5 
minee. 

Procede  selon  la  revendication  1,  dans  lequel 
le  premier  niveau  de  tension  de  reference  a 
une  valeur  positive  (V+ref)  par  rapport  au  po-  10 
tentiel  de  la  terre,  et  dans  lequel  le  second 
niveau  de  tension  de  reference  a  une  valeur 
negative  (V~ref)  par  rapport  au  potentiel  de  la 
terre. 

75 
Procede  selon  I'une  quelconque  des  revendi- 
cations  1  et  2,  dans  lequel  ladite  etape  de 
calcul  produit  periodiquement  un  echantillon 
d'un  signal  qui  indique  si  le  niveau  de  la  ten- 
sion  de  la  force  contre-electromotrice  se  situe  20 
entre  les  premier  et  second  niveaux  de  tension 
de  reference. 

Procede  selon  la  revendication  3,  dans  lequel 
ladite  etape  de  calcul  du  temps  produit  un  25 
decompte  du  nombre  des  echantillons  conse- 
cutifs  qui  indiquent  que  la  tension  de  la  force 
contre-electromotrice  se  situe  entre  les  pre- 
mier  et  second  niveaux  de  tension  de  referen- 
ce  et  dans  lequel  I'indication  d'arret  du  moteur  30 
est  produite  lorsque  le  decompte  atteint  une 
valeur  predefinie. 

Procede  selon  la  revendication  3,  dans  laquelle 
ladite  etape  de  calcul  du  temps  produit  un  35 
decompte  du  nombre  d'echantillons  conse- 
cutifs  de  la  tension  de  la  force  contre-electro- 
motrice  qui  se  situent  entre  les  premier  et 
second  niveaux  de  tension  de  reference,  et 
dans  lequel  I'indication  de  I'arret  du  moteur  est  40 
produite  un  intervalle  de  temps  donne  apres 
que  le  decompte  ait  atteint  une  valeur  predefi- 
nie. 

Procede  selon  la  revendication  5,  caracterise  45 
en  ce  qu'il  comporte  en  outre  I'etape  consis- 
tant  a  determiner  I'intervalle  de  temps  donne  a 
partir  du  temps  qui  s'ecoule  entre  I'instant  ou 
le  moteur  electrique  commence  a  ralentir  et 
I'instant  ou  le  decompte  est  egal  a  la  valeur  50 
predefinie. 

Procede  selon  la  revendication  5,  caracterise 
en  ce  qu'il  comporte  en  outre  I'etape  consis- 
tant  a  determiner  une  valeur  pour  I'intervalle  55 
de  temps  donne,  qui  est  sensiblement  egale  a 
cinq  pourcent  du  temps  qui  s'ecoule  entre 
I'instant  ou  le  moteur  electrique  commence  a 

ralentir  et  I'instant  ou  le  decompte  est  egal  a  la 
valeur  predefinie. 

8.  Appareil  pour  determiner  I'instant  ou  un  mo- 
teur  electrique  (10)  s'est  arrete,  ledit  appareil 
comprenant: 

un  moyen  (34-36)  pour  detecter  le  niveau 
de  la  tension  de  la  force  contre-electromotrice 
induite  dans  un  enroulement  du  moteur  electri- 
que; 

un  premier  moyen  (25)  pour  comparer  le 
niveau  de  la  tension  de  la  force  contre-electro- 
motrice  a  un  premier  niveau  de  tension  de 
reference; 

un  second  moyen  (24)  pour  comparer  le 
niveau  de  la  tension  de  la  force  contre-electro- 
motrice  a  un  second  niveau  de  tension  de 
reference; 

un  moyen  (40)  sensible  auxdits  premier  et 
second  moyens  (25,  24)  de  comparaison  pour 
determiner  I'instant  ou  le  niveau  de  la  tension 
de  la  force  contre-electromotrice  se  situe  entre 
les  premier  et  second  niveaux  de  tension  de 
reference;  et 

un  moyen  (21)  pour  calculer  le  temps  pen- 
dant  lequel  le  niveau  de  la  tension  de  la  force 
contre-electromotrice  se  situe  entre  les  pre- 
mier  et  second  niveaux  de  tension  de  referen- 
ce,  et  pour  produire  en  reponse  a  celui-ci  une 
indication  de  I'arret  du  moteur  lorsque  le 
temps  atteint  une  valeur  predetermined. 

9.  Appareil  selon  la  revendication  8,  dans  lequel 
le  premier  niveau  de  tension  de  reference  a 
une  valeur  positive  (V+ref)  par  rapport  au  po- 
tentiel  de  la  terre,  et  dans  lequel  le  second 
niveau  de  tension  de  reference  a  une  valeur 
negative  (V~ref)  par  rapport  au  potentiel  de  la 
terre. 

10.  Appareil  selon  I'une  quelconque  des  revendi- 
cations  8  et  9  dans  lequel  ledit  moyen  (21)  de 
calcul  periodique  produit  un  echantillon  d'un 
signal  a  partir  dudit  moyen  (40)  de  determina- 
tion,  qui  indique  si  le  niveau  de  la  tension  de  la 
force  contre-electromotrice  se  situe  entre  les 
premier  et  second  niveaux  de  tension  de  refe- 
rence. 

11.  Appareil  selon  la  revendication  10,  dans  lequel 
ledit  moyen  (21)  de  calcul  du  temps  repond 
audit  moyen  (40)  de  determination  en  produi- 
sant  un  decompte  (91-92)  du  nombre  d'echan- 
tillons  consecutifs  qui  indiquent  que  la  tension 
de  la  force  contre-electromotrice  se  situe  entre 
les  premier  et  second  niveaux  de  tension  de 
reference,  et  produit  I'indication  de  I'arret  du 
moteur  lorsque  le  decompte  atteint  une  valeur 
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predefinie. 

12.  Appareil  selon  la  revendication  10,  dans  lequel 
ledit  moyen  (21)  de  calcul  du  temps  repond 
audit  moyen  (40)  de  determination  en  produi-  5 
sant  un  decompte  (91-92)  du  nombre  d'echan- 
tillons  consecutifs  de  la  tension  de  la  force 
contre-electromotrice  qui  se  situent  entre  les 
premier  et  second  niveaux  de  tension  de  refe- 
rence  et  produit  I'indication  de  I'arret  du  mo-  10 
teur  un  intervalle  de  temps  donne  apres  que  le 
decompte  ait  atteint  une  valeur  predefinie. 

13.  Appareil  selon  la  revendication  12,  caracterise 
en  ce  qu'il  comporte  en  outre  des  moyens  (21  ,  is 
95)  pour  determiner  I'intervalle  de  temps  don- 
ne  a  partir  du  temps  qui  s'ecoule  entre  I'ins- 
tant  ou  le  moteur  electrique  (10)  commence  a 
ralentir  et  I'instant  ou  le  decompte  est  egal  a  la 
valeur  predefinie.  20 

14.  Appareil  selon  la  revendication  12,  caracterise 
en  ce  qu'il  comporte  en  outre  des  moyens 
(21,95)  pour  determiner  une  valeur  de  I'inter- 
valle  de  temps  donne,  qui  est  sensiblement  25 
egale  a  cinq  pourcent  du  temps  qui  s'ecoule 
entre  I'instant  ou  le  moteur  electrique  com- 
mence  a  ralentir  et  I'instant  ou  le  decompte 
est  egal  a  la  valeur  predefinie. 

30 

35 

40 

45 

50 

55 

12 



EP  0  394  955  B1 

13 



14 



EP  0  394  955  B1 

F I G .   4 o  

r  

73^ L  

70- 

(  START) 

INITIALIZE  COUNTERS 
AND  VARIABLES 

71- 
i  

Tq  =  TIME 
I 

FROM  FIG.  4b 

RESET  INT.  FLAG  1—73 
♦ 

_  ■ 
TFIRE"TVO  +  DEI-AY 

i  '  

7 6 -  
SAMPLE  BACK 

EMF  VOLTAGE  V£ 

INCREMENT 
HALF  CYCLE 

COUNTER 

YES 

TO  FIG.  4b 

HALF  CHCA  F ^ n Y E S  
s C ^ N T E R » l /  

INCREMENT 
MODE 

sx"Nj  RESET  HALF 
CYCLE  COUNTER 

TRIGGER  SCR'S 
A  AND  B 

5 



EP  0  394  955  B1 

INCREMENT 
SAMPLE 
COUNTER 

SET  DELAY 
TIMER»TD 

TRIGGER  SCR'S 
A  ANDB 

CLEAR 
SAMPLE 
COUNTER 

F I G .   4 b  
CONTINUOUS 

TRIGGERING  MODE 

0  

(  RETURN  )  

F I G .   5  

Q  
v o l t a g e   z e r o   > 

: r o s s i n g   i n t e r r u p t   j  

C7~ 

6 5 ^  

STORE  TIME 
AS  Tvo 

SET  INTERRUPT 
FLAG 

i' 
STORE  POLARITY 

OF  Vab 

[  RETURN  )  

6 


	bibliography
	description
	claims
	drawings

