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Description 

This  invention  relates  to  a  control  method  for  con- 
suming  in  an  inverter  the  regenerated  power  from  an 
induction  motor  that  drives  an  elevator.  s 

When  braking  is  applied  during  operation  of  an  ele- 
vator  with  an  induction  motor  driven  by  an  inverter,  the 
rotating  speed  of  the  motor  is  higher  than  the  frequency 
of  the  inverter,  and  regenerated  power  is  formed  in  the 
motor.  As  this  regenerated  power  flows  into  the  dc  cir-  10 
cuit  of  the  inverter,  a  resistor  is  set  in  the  dc  circuit  and 
it  is  used  to  consume  (absorb)  the  regenerated  power. 

Figure  3  shows  the  configuration  in  an  example  of 
the  conventional  regenerated  power  consumption 
method.  As  shown  in  this  figure,  the  principal  circuit  of  is 
the  inverter  has  converter  (1)  and  inverter  circuit  (2). 
The  3-phase  ac  is  converted  to  dc  by  converter  (1),  and 
it  is  then  converted  to  3-phase  ac  by  inverter  circuit  (2). 
In  this  case,  control  is  made  by  base  driver  (3)  for  induc- 
tion  motor  control,  so  that  the  speed  of  induction  motor  20 
(4)  can  be  controlled. 

In  the  conventional  power  consumption  method,  a 
regenerated  power  consumption  circuit  composed  of 
resistor  (5)  and  switch  (6)  formed  of  semiconductor  ele- 
ments  in  series  is  inserted  in  parallel  into  the  aforemen-  25 
tioned  principal  circuit.  On  the  other  hand,  the  dc 
voltage  on  the  two  ends  of  principal  circuit  capacitor  (7) 
is  detected  by  a  voltage  detector  (8).  The  signal  from 
said  voltage  detector  (8)  is  input  to  hysteresis  compara- 
tor  (9).  The  magnitude  of  the  dc  voltage  is  the  basis  for  30 
ON/OFF  control  of  base  driver  (10)  of  said  switch  (6).  In 
this  way,  the  regenerated  power  formed  in  the  decelera- 
tion  of  induction  motor  (4)  can  be  consumed  by  said 
resistor  (5). 

Figure  4  shows  the  voltage  waveform  of  the  princi-  35 
pal  circuit  in  the  aforementioned  operation.  As  can  be 
seen  from  this  figure,  with  respect  to  the  dc  voltage  of 
the  principal  circuit,  the  switch  ON  level  and  switch  OFF 
level  of  said  regenerated  power  consumption  switch  (6) 
are  set  at  said  comparator  (9).  As  the  dc  voltage  rises  in  40 
tandem  with  the  regenerated  power,  the  circuit  is  turned 
ON,  the  regenerated  power  is  thus  consumed;  then  as 
the  dc  voltage  falls,  the  circuit  is  turned  OFF. 

When  the  conventional  regenerated  power  con- 
sumption  method  is  used  for  an  elevator,  as  shown  in  45 
Figure  5,  the  elevator  has  an  induction  motor  (4)  as  the 
power  source,  and  has  cage  (12)  and  balance  weight 
(13)  loaded  on  winding  drum  (1  1).  The  velocity  pattern 
for  acceleration,  deceleration,  and  constant  velocity  is 
generated  by  a  control  unit  (14),  and  cage  (12)  may  be  so 
stopped  at  any  floor. 

The  maximum  load  of  the  elevator  depends  on  the 
number  of  passengers  in  the  cage,  etc.  As  there  can  be 
a  significant  number  of  passengers,  there  is  a  large 
regenerated  power  in  the  case  of  deceleration.  55 

In  addition,  the  deceleration  rate  in  the  case  of 
deceleration  depends  on  the  velocity  pattern,  and  the 
regenerated  power  varies  depending  on  the  passenger 
number  and  deceleration  rate. 

Even  in  the  case  of  constant  velocity  operation, 
when  cage  (12)  is  heavier  than  balance  weight  (13)  due 
to  more  passengers,  regenerated  power  is  formed  when 
descending.  On  the  other  hand,  when  cage  (12)  is 
lighter  than  balance  weight  (13),  power  is  regenerated 
when  the  elevator  ascends.  These  regenerated  power 
levels  also  vary  as  the  passenger  number  changes. 

As  explained  above,  the  regenerated  power  of  the 
elevator  depends  significantly  on  the  passenger 
number,  and  the  operation  status  with  deceleration  or 
constant  velocity.  Consequently,  for  hysteresis  compa- 
rator  (9),  the  switching  frequency  and  the  ON/OFF  ratio 
also  depend  significantly  on  the  change  in  the  regener- 
ated  power.  In  order  to  realize  reliable  operation  for 
switch  (6),  a  switch  which  allows  high-speed  switching 
operation  up  to  several  kHz  must  be  used.  In  addition,  it 
is  difficult  to  design  the  hysteresis  width  and  ON/OFF 
operation  level  of  hysteresis  comparator  (9)  and  to  set 
the  resistance  value  of  resistor  (5).  Also,  the  design  of 
the  circuit  configuration  becomes  complicated.  This  is  a 
disadvantage. 

Document  GB-A-21  67252  discloses  a  method  of 
consuming  regenerated  power  in  an  elevator  system  in 
which  an  elevator  is  driven  with  an  induction  motor,  the 
motor  being  driven  from  a  dc  circuit  via  an  inverter,  and 
in  which  a  resistor  and  a  switch  are  connected  in  series 
to  said  dc  circuit  for  consuming  regenerated  power, 
comprising  detecting  the  voltage  in  the  dc  circuit  and 
producing  a  detection  signal. 

The  purpose  of  this  invention  is  to  solve  the  afore- 
mentioned  problems  of  the  conventional  methods  by 
providing  a  regenerated  power  consumption  method  for 
elevators  in  which  a  switch  with  a  low  switching  speed 
can  be  used,  and  the  circuit  configuration  for  the  regen- 
erated  power  consumption  can  be  simplified. 

In  order  to  solve  the  aforementioned  problems,  this 
invention  provides  a  regenerated  power  consumption 
method  in  which  the  regenerated  power  generated 
when  the  elevator  is  driven  with  an  induction  motor  is 
consumed  by  a  serial  circuit  comprising  a  resistor  and  a 
switch  and  arranged  in  a  dc  circuit  of  the  inverter.  In  this 
regenerated  power  consumption  method,  there  is  a 
software  configuration  filter  which  performs  filtering 
treatment  of  the  detected  signal  as  the  dc  voltage  of  the 
aforementioned  dc  circuit  exceeds  the  ON/OFF  level  of 
the  aforementioned  switch;  if  the  aforementioned  dc 
voltage  rises  or  decreases,  the  aforementioned  switch 
is  ON/OFF  controlled  by  the  aforementioned  filter. 

According  to  this  invention  with  the  aforementioned 
configuration,  when  ON/OFF  control  of  the  switch  is 
performed  as  the  dc  voltage  of  the  inverter  crosses  the 
ON  level  or  OFF  level  of  the  switch,  a  filter  treatment  is 
performed  for  the  dc  voltage  of  detection.  In  this  way, 
even  when  the  regenerated  power  varies,  the  switching 
speed  of  the  switch  is  limited  by  the  frequency  deter- 
mined  by  the  time  constant  of  the  aforementioned  filter; 
the  switching  speed  needed  by  the  switch  can  be  set  by 
the  time  constant  of  the  filter,  and  any  type  of  switch  ele- 
ment  can  be  used.  In  addition,  since  the  filter  has  a  soft- 
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ware  configuration,  the  setting  can  be  changed  easily, 
and  the  circuit  design  may  be  realised  by  selecting  the 
time  constant  of  the  filter  and  the  resistance  value. 

An  embodiment  of  the  invention  will  now  be 
described  by  way  of  example  only  and  with  reference  to 
the  drawings,  in  which: 

Figure  1  is  a  schematic  diagram  showing  the  con- 
figuration  of  an  induction  motor  control  circuit 
according  to  this  invention. 
Figure  2  shows  the  filter  operation  waveform  in  the 
circuit  of  Fig.  1  . 
Figure  3  shows  the  configuration  of  a  conventional 
circuit. 
Figure  4  shows  the  voltage  waveforms  of  the  con- 
ventional  circuit  of  Fig.  3. 
Figure  5  shows  the  configuration  of  an  elevator  hav- 
ing  an  induction  motor  control  circuit. 

Figure  1  shows  the  configuration  of  an  embodiment 
of  this  invention.  The  configuration  shown  in  this  figure 
differs  from  that  shown  in  Figures  3  and  5  in  the  follow- 
ing  respects:  the  detected  signal  of  voltage  detector  (8) 
is  converted  to  a  digital  signal  by  an  A/D  converter  (15). 
The  converted  value  is  filter-treated  by  a  filter  (1  6A)  in  a 
control  unit  (16)  which  comprises  a  CPU.  The  result  of 
the  filter  treatment  is  taken  as  the  ON/OFF  control  sig- 
nal  for  base  driver  (10). 

Filter  (16A)  has  a  CPU  software  configuration.  With 
respect  to  the  sampling  data  of  dc  voltage  Vdc  of  the 
principal  circuit  of  the  inverter,  the  detected  data  are 
modified  according  to  the  following  formula:  (Formula  1) 

Vdc  (n)  = 
V . -  s-vdc(n-1)  ,  „  .  „  

(1+T/dt)  +Vdc("-1) 

where, 

Vdc(n):  modified  data 
Vs:  sampled  input 
Vdc(n  -  1):  data  of  last  round 
T:  time  constant  of  filter 
dt:  sampling  time  interval 

That  is,  suppose  the  sampling  treatment  time  dt  is 
10  ms,  and  the  filter  time  constant  T  is  30  ms,  (1  +  T/dt) 
becomes  4.  Now,  as  1/4  of  the  difference  between  cur- 
rent  sample  Vs  and  last-round  data  Vdc(n  -  1)  is 
added/subtracted,  the  modified  data  Vdc(n)  is  delayed 
by  the  time  constant  T  of  the  filter.  Since  the  modified 
data  Vdc(n)  with  the  aforementioned  delay  is  used  to 
control  ON/OFF  switching  of  base  driver  (10),  the  timing 
is  delayed,  and  the  switching  frequency  of  switch  (6)  is 
limited. 

For  example,  when  dc  voltage  Vdc  of  the  principal 
circuit  of  the  inverter  rises  above  the  ON  line,  and  a  pre- 
scribed  time  has  passed  after  the  OFF  operation  (the  fil- 
ter's  time  constant),  switching  is  made  from  OFF  to  ON, 

and  the  switching  frequency  is  decreased.  In  this  case, 
due  to  the  ON  operation  of  switch  (6),  the  regenerated 
power  is  consumed  by  resistor  (5). 

On  the  other  hand,  switching  of  filter  (16A)  from 
5  OFF  to  ON  may  be  carried  out  in  any  of  the  following 

cases: 

(1)  When  troubles  occur,  such  as  insufficient  volt- 
age,  overvoltage,  overcurrent,  etc. 
(2)  When  dc  voltage  Vdc  drops  below  the  OFF  level, 
and  after  a  prescribed  time  (filter  time  constant) 
from  the  ON  operation. 
(3)  When  a  stop  command  is  generated  and  the 
inverter  is  shutoff. 

10 

15 
For  above  items  (1)  and  (3),  the  operation  is  real- 

ized  as  controller  (1  6)  handles  the  output  frequency  and 
operation  state  of  the  inverter  and  the  state  of  the  input 
sequence. 

20  For  the  regenerated  power  consumption  operation 
with  the  aforementioned  configuration,  as  can  be  seen 
in  Figure  2  from  the  filter  output  waveform  with  respect 
to  dc  voltage  Vdc,  the  maximum  switching  frequency  is 
determined  by  the  times  TH,  TL  corresponding  to  the  fil- 

25  ter  time  constant. 
As  shown  in  Figure  2,  when  dc  voltage  Vdc  first  falls 

below  the  OFF  level  set  at  filter  (16A)  (at  time  t-|)  and 
then  exceeds  the  ON  level  at  time  t2,  since  the  time 
interval  between  ti  and  t2  is  shorter  than  a  prescribed 

30  time  TH,  the  output  of  filter  (16A)  does  not  produce  an 
ON  operation,  and  the  OFF  operation  is  continued. 

When  dc  voltage  Vdc  exceeds  the  ON  level  at  time 
t3,  since  the  time  interval  between  ti  and  t3  exceeds  the 
prescribed  time  TH,  the  filter  output  performs  the  ON 

35  operation. 
Similarly,  when  dc  voltage  Vdc  falls  below  the  OFF 

level  at  time  t4,  since  the  time  interval  is  shorter  than  a 
prescribed  time  TL  (which  may  be  identical  to  or  differ- 
ent  from  TH),  there  is  no  OFF  operation;  the  OFF  oper- 

40  ation  takes  place  at  time  t5. 
Also,  when  dc  voltage  Vdc  exceeds  the  ON  level  at 

time  t6,  as  the  time  interval  from  t5  to  t6  is  shorter  than  a 
prescribed  time  TH,  there  is  no  ON  operation,  while  the 
ON  operation  takes  place  at  time  t8. 

45  Consequently,  for  filter  (16A),  the  switching  output 
limited  by  the  frequency  determined  by  times  TH,  TL  set 
in  the  software  is  generated,  and  the  maximum  switch- 
ing  frequency  for  the  regenerated  power  consumption 
can  be  controlled  by  times  TH,  TL.  For  example,  when 

so  times  TH  and  TL  are  set  at  30  ms,  the  maximum  switch- 
ing  frequency  is  33.33  Hz,  and  the  regenerated  power 
consumption  can  be  performed  by  using  switch  (6)  with 
a  switching  speed  appropriate  to  this  frequency. 

As  described  above,  the  control  of  the  regenerated 
55  power  consumption  is  not  limited  to  the  case  of  deceler- 

ation  of  the  elevator,  it  may  also  be  performed  corre- 
sponding  to  the  variation  in  the  regenerated  power 
generated  due  to  differences  in  the  passenger  number 
and  the  ascending  descending  state  in  the  constant 
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speed  mode.  For  the  configuration  of  the  equipment,  the 
time  constant  of  the  filter  can  be  set  appropriately  by 
setting  the  software,  and  filter  (16A)  itself  can  also  be 
simplified  by  using  the  software  configuration. 

In  the  aforementioned  example,  switch  (6)  and  5 
resistor  (5)  for  the  regenerated  power  consumption  are 
arranged  as  a  single  circuit.  However,  it  is  also  accepta- 
ble  to  use  a  configuration  of  multiple  circuits  with  a 
selective  switch  operation.  In  this  scheme,  even  in  the 
case  when  the  variation  amplitude  of  the  regenerated  10 
power  is  abnormally  large  and  the  switching  operation 
of  the  maximum  switching  frequency  determined  by  the 
time  constant  of  filter  (16A)  is  inadequate,  the  afore- 
mentioned  multiple  circuits  can  perform  ON  operation  in 
a  parallel  way  when  an  overvoltage  for  dc  voltage  Vdc  is  is 
predicted;  hence,  overvoltage  can  be  prevented.  On  the 
other  hand,  when  an  insufficient  voltage  is  predicted, 
the  insufficient  voltage  can  be  prevented  by  the 
ON/OFF  control  of  one  circuit. 

As  explained  in  the  above,  according  to  the  20 
described  embodiment,  the  regenerated  power  con- 
sumption  is  performed  by  detecting  the  dc  voltage  of  the 
inverter,  with  the  dc  voltage  of  detection  filter-treated  by 
a  filter  with  a  software  configuration;  the  maximum 
switching  frequency  of  the  switch  is  set  by  the  time  con-  25 
stant  of  the  filter,  the  filter  time  constant  is  set  corre- 
sponding  to  the  switching  speed  of  the  switch,  so  as  to 
ensure  the  regenerated  power  consumption.  In  addi- 
tion,  in  the  circuit  design  and  setting,  it  is  only  necessary 
to  change  the  time  constant  of  the  filter,  which  can  be  30 
realized  by  making  a  simple  change  in  the  software.  In 
addition,  as  far  as  the  circuit  configuration  is  concerned, 
the  conventional  hysteresis  comparator  is  not  needed, 
and  only  the  function  of  the  elevator  control  equipment 
is  used.  35 

Claims 

1.  A  method  of  consuming  regenerated  power  in  an 
elevator  system  in  which  an  elevator  (12)  is  driven  40 
with  an  induction  motor  (4),  the  motor  being  driven 
from  a  dc  circuit  via  an  inverter  (2),  and  in  which  a 
resistor  (5)  and  a  switch  (6)  are  connected  in  series 
to  said  dc  circuit  for  consuming  regenerated  power 
and  in  which  the  voltage  in  said  dc  circuit  is  45 
detected  and  a  detection  signal  produced,  charac- 
terised  by  subjecting  the  detection  signal  to  a  filter 
treatment  with  a  software  filter  (16A),  and  ON-OFF 
controlling  the  switch  with  the  output  of  the  filter,  the 
filter  operating  to  delay  the  ON-OFF  switching  of  so 
the  switch  in  response  to  changes  in  the  detected 
dc  voltage. 

2.  A  method  as  claimed  in  claim  1  wherein  the  detec- 
tion  signal  is  produced  when  the  dc  voltage  reaches  55 
the  ON  or  OFF  level  of  the  switch  (6). 

3.  A  method  as  claimed  in  any  preceding  claim  in 
which  the  filter  time  constant  is  set  in  dependence 

on  the  number  of  passengers  in  the  elevator  and/or 
on  the  motion  state  of  the  elevator. 

4.  A  method  as  claimed  in  any  preceding  claim 
wherein  multiple  resistor  and  switch  series  circuits 
are  connected  to  the  dc  circuit  and  the  switches  are 
selectively  controlled  to  provide  parallel  power  con- 
suming  circuits. 

Patentanspruche 

1  .  Verfahren  zum  Verbrauchen  regenerierter  Leistung 
in  einem  Aufzugsystem,  in  welchem  ein  Aufzug  (12) 
von  einem  Asynchronmotor  (4)  angetrieben  wird, 
der  aus  einem  Gleichstromkreis  uber  einen  Wech- 
selrichter  (2)  gespeist  wird,  wobei  ein  Widerstand 
(5)  und  ein  Schalter  (6)  in  Reihe  zu  dem  Gleich- 
stromkreis  geschaltet  sind,  urn  regenerierte  Lei- 
stung  zu  verbrauchen,  und  wobei  die  Spannung  in 
dem  Gleichstromkreis  detektiert  und  ein  Detektier- 
signal  erzeugt  wird,  dadurch  gekennzeichnet,  daB 
das  Detektiersignal  einer  Filterbehandlung  mittels 
eines  Softwarefilters  (16A)  unterzogen  wird  und  der 
Schalter  mit  dem  Ausgangssignal  des  Filters 
ein/aus-gesteuert  wird,  wobei  das  Filter  derart 
arbeitet,  daB  es  das  Ein/Aus-Schalten  des  Schal- 
ters  ansprechend  auf  Anderungen  der  detektierten 
Gleichspannung  verzogert. 

2.  Verfahren  nach  Anspruch  1  ,  bei  dem  das  Detektier- 
signal  dann  erzeugt  wird,  wenn  die  Gleichspan- 
nung  den  Einschalt-  oder  den  Ausschaltpegel  des 
Schalters  (6)  erreicht. 

3.  Verfahren  nach  einem  der  vorhergehenden  Ansprti- 
che,  bei  dem  die  Filter-Zeitkonstante  in  Abhangig- 
keit  von  der  Anzahl  von  Fahrgasten  in  dein  Aufzug 
und/oder  dem  Bewegungszustand  des  Aufzugs 
eingestellt  wird. 

4.  Verfahren  nach  einem  der  vorhergehenden  Ansprti- 
che,  bei  dem  an  den  Gleichstromkreis  mehrere 
Widerstand-Schalter-Serienschaltungen  ange- 
schlossen  sind,  wobei  die  Schalter  selektiv  derart 
angesteuert  werden,  daB  parallele  Leistungsver- 
brauchskreise  gebildet  werden. 

Revendications 

1.  Procede  de  consommation  de  puissance  regene- 
ree  dans  un  systeme  d'ascenseur  dans  lequel  un 
ascenseur  (1  2)  est  entrame  par  un  moteur  a  induc- 
tion  (4),  le  moteur  etant  pilote  a  partir  d'un  circuit  a 
courant  continu  par  I'intermediaire  d'un  onduleur 
(2),  et  dans  lequel  une  resistance  (5)  et  un  commu- 
tateur  (6)  sont  relies  en  serie  audit  circuit  a  courant 
continu  pour  consommer  la  puissance  regeneree, 
et  dans  lequel  la  tension  dans  ledit  circuit  a  courant 
continu  est  detectee  et  un  signal  de  detection  est 
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produit,  caracterise  en  ce  qu'il  consiste  a  soumettre 
le  signal  de  detection  a  un  traitement  de  f  iltrage  par 
un  filtre  logiciel  (16A),  et  a  effectuer  une  commande 
MARCHE-ARRET  du  commutateur  avec  la  sortie 
du  filtre,  le  filtre  fonctionnant  pour  retarder  la  com-  5 
mutation  MARCHE-ARRET  du  commutateur  en 
reponse  aux  modifications  de  la  tension  continue 
detectee. 

Procede  selon  la  revendication  1,  dans  lequel  le  10 
signal  de  detection  est  produit  lorsque  la  tension 
continue  atteint  le  niveau  MARCHE  ou  ARRET  du 
commutateur  (6). 

Procede  selon  I'une  quelconque  des  revendications  15 
precedentes,  dans  lequel  la  constante  de  temps  du 
filtre  est  f  ixee  en  fonction  du  nombre  de  passagers 
dans  I'ascenseur  et/ou  de  I'etat  de  deplacement  de 
I'ascenseur. 

20 
Procede  selon  I'une  quelconque  des  revendications 
precedentes,  dans  lequel  des  circuits  multiples  en 
serie  de  resistance  et  de  commutateur  sont  relies 
au  circuit  a  courant  continu  et  les  commutateurs 
sont  commandes,  de  maniere  selective,  pour  reali-  25 
ser  des  circuits  paralleles  de  consommation  de 
puissance. 
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