
J  
Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

0  3 3 4   3 1 9  

A 2  
©  Publication  number: 

E U R O P E A N   PATENT  A P P L I C A T I O N  

©  int.  ci.4:  H02M  5 / 4 5  ®  Application  number:  89105132.8 

©  Date  of  filing:  22.03.89 

©  Applicant:  KABUSHIKI  KAISHA  TOSHIBA 
72,  Horikawa-cho  Saiwai-ku 
Kawasaki-shi  Kanagawa-ken  210(JP) 

@  Inventor:  Mose,  Tadao  c/o  Patent  Division 
Kabushiki  Kaisha  Toshiba  1-1  Shibaura 
1-chome 
Minato-ku  Tokyo  105(JP) 
Inventor:  Andoh,  Yasuhiro  c/o  Patent  Division 
Kabushiki  Kaisha  Toshiba  1-1  Shibaura 
1-chome 
Minato-ku  Tokyo  105(JP) 
Inventor:  Kitasin,  Tatuhisa  c/o  Patent  Division 
Kabushiki  Kaisha  Toshiba  1-1  Shibaura 
1-chome 
Minato-ku  Tokyo  105(JP) 

©  Priority:  22.03.88  JP  65651/88 
06.04.88  JP  83145/88 

@  Date  of  publication  of  application: 
27.09.89  Bulletin  89/39 

©  Designated  Contracting  States: 
CH  DE  FR  GB  LI  SE 

©  Representative:  Henkel,  Feiler,  Hanzel  & 
Partner 
Mohlstrasse  37 
D-8000  Munchen  80<DE) 

©  Power  converter  and  method  of  controlling  the  same. 

©  A  power  converter  converts  AC  input  power  into  AC  output  power  to  which  a  load  (5)  is  connected.  This 

power  converter  comprises  a  controller  (9-10)  for  controlling  power  converting  operation  of  the  power  converter 

(2-4),  a  DC  voltage  detector  (11)  for  detecting  a  DC  voltage  (Vdc)  of  the  DC  power  to  provide  a  DC  voltage 
signal  (E11),  a  first  reference  generator  (12X-13)  for  generating  a  first  reference  (E13),  an  output  detector  (14-15) 
for  detecting  a  condition  (lac/Vac)  of  the  AC  output  power  to  provide  an  output  condition  signal  (E15),  a  second 

^reference  generator  (16X-17)  for  generating  a  second  reference  (E17)  in  response  to  the  output  condition  signal 
2r(E15),  a  condition  detector  (6)  for  detecting  a  condition  of  the  AC  input  power  to  provide  an  output  condition 

signal,  and  a  selector  (18)  for  supplying  the  second  reference  (E17)  to  the  controller  (9-10)  when  the  input 
C   condition  signal  (E6)  is  provided. 
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Power  converter  and  method  of  controlling  the  same 

The  present  invention  relates  to  a  power  converter  and,  more  particularly,  to  a  power  converter 
including  a  control  system  in  consideration  of  a  countermeasure  against  instantaneous  power  interruption. 

Fig.  7  shows  a  typical  power  converter  for  supplying  an  AC  power  of  a  variable  voltage  and  a  variable 

frequency  to  an  AC  motor  and  variably  controlling  the  motor  speed. 
5  This  self-excited  converter  is  controlled  as  follows. 

Speed  reference  signal  E7  supplied  from  speed  setting  circuit  7  is  separated  into  output  voltage 
reference  V*  and  output  frequency  reference  f  of  self-exited  inverters  2  and  4  by  V/F  reference  generator  8, 
and  the  references  are  input  to  PWM  controller  9.  The  pulse  width  control  is  performed  in  PWM  controller  9 
in  accordance  with  supplied  output  voltage  reference  V*  and  output  frequency  reference  f  and  ON/OFF 

to  patterns  of  switching  devices  (not  shown)  of  inverter  4  are  generated.  The  ON/OFF  patterns  are  respectively 
converted  into  ON/OFF  gate  signals  by  gate  signal  generator  10,  and  the  signals  are  output  to  each 
switching  device  (not  shown)  as  gate  signals. 

With  the  above  arrangement,  predetermined  voltage  and  frequency  are  supplied  to  load  motor  5,  and 
the  speed  of  load  motor  5  is  variably  controlled. 

T5  Power  interruption  detector  6  is  arranged  at  AC  power  supply  1  to  detect  power  interruption  when  the 

power  of  the  AC  power  supply  is  suspended.  When  power  interruption  detector  6  detects  power  interrup- 
tion,  an  operation  of  gate  signal  generator  10  is  stopped  in  response  to  detection  signal  E6  so  that  an 
ON/OFF  operation  of  the  switching  device  (not  shown)  in  inverter  4  is  stopped.  Therefore,  the  self-excited 
inverters  are  stopped  and  wait  until  power  is  restored. 

20  When  the  power  of  AC  power  supply  1  is  restored  and  power  interruption  detector  6  detects  this  state, 
the  self-excited  inverters  are  restarted  after  a  predetermined  time  period  is  elapsed,  i.e.,  terminal  voltage 
Vac  of  load  motor  5  is  set  at  a  predetermined  value  or  less.  This  is  to  prevent  an  overcurrent  of  outputs 
from  self-excited  inverters  2  and  4. 

The  power  converter  having  the  above  arrangement  has  the  following  problems. 
25  More  specifically,  the  self-excited  inverters  cannot  be  restarted  until  terminal  voltage  Vac  of  load  motor 

5  is  set  at  a  predetermined  value  or  less.  In  addition,  since  an  output  is  gradually  increased  so  as  to  prevent 
the  overcurrent,  a  sufficient  time  period  is  required  until  the  self-excited  inverters  are  restarted  to  generate  a 
predetermined  torque,  and  a  reduction  in  motor  speed  is  stopped  to  reaccelerate  the  motor.  Therefore,  the 
motor  speed  is  undesirably  reduced  more  than  necessary. 

30  Fig.  8  shows  another  conventional  arrangement  wherein  a  speed  of  an  AC  motor  is  variably  controlled 
using  a  power  converter  such  as  an  inverter. 

Referring  to  Fig.  8,  when  AC  input  voltage  Vi  fails  due  to  power  interruption,  the  failure  is  detected  by 
power  interruption  detector  180.  A  gate  signal  of  rectifier  2  is  shifted  or  shift-blocked  by  phase  controller 
210,  and  inverters  2  and  4  are  stopped.  Thereafter,  the  power  restoration  of  power  supply  1  is  detected  by 

35  power  interruption  detector  180.  Then,  the  operation  is  restarted  after  it  is  confirmed  that  terminal  voltage 
Vac  of  load  motor  5  is  set  at  a  predetermined  value  or  less.  This  is  to  prevent  the  overcurrent  of  inverters  2 
and  4  by  voltage  controller  200  and  oscillator  220.  Note  that  stop  circuit  240  monitors  an  output  from 
current  transformer  14.  When  an  overcurrent  is  supplied  to  load  motor  5,  the  operation  of  inverters  2  and  4 
is  stopped. 

40  In  the  above-mentioned  power  converter,  in  order  to  assure  an  output  voltage  during  a  power 
interruption  period,  the  capacitance  of  DC  smoothing  circuit  130  must  be  increased.  In  this  case,  the  power 
converter  stops  control  upon  detection  of  power  interruption,  and  is  restarted  after  power  restoration.  In 
such  a  converter,  when  motor  terminal  voltage  Vac  remains,  an  overcurrent  tends  to  occur  in  accordance 
with  a  motor  terminal  voltage  phase,  power  converter  output  phase,  and  a  DC  voltage  Vdc  level.  For  this 

45  reason,  upon  restart  of  the  power  converter,  after  motor  terminal  voltage  Vac  is  set  at  a  predetermined 
value  or  less,  the  output  frequency  must  be  gradually  increased  while  the  output  voltage  and  frequency  of 
inverter  4  are  precisely  controlled  and  overcurrent  is  suppressed.  Then,  a  time  required  for  restart  is 
prolonged,  and  the  motor  speed  is  undesirably  reduced  more  than  necessary. 

It  is  a  first  object  of  the  present  invention  to  provide  a  power  converter  for  suppressing  a  reduction  in 
so  motor  speed  during  power  interruption  to  be  a  minimum  value. 

To  achieve  the  object  of  this  invention,  a  power  converter  for  converting  AC  input  power  into  AC  output 
power  to  which  a  load  is  connected,  comprises:  control  means  for  controlling  power  converting  operation  of 
the  power  converter;  DC  voltage  detector  means  for  detecting  a  DC  voltage  of  the  DC  power  to  provide  a 
DC  voltage  signal;  first  reference  generator  means  for  generating  a  first  reference;  output  detector  means 
for  detecting  a  condition  of  the  AC  output  power  to  provide  an  output  condition  signal;  second  reference 
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generator  means  for  generating  a  second  reference  in  response  to  the  output  condition  signal;  condition 
detector  means  for  detecting  a  condition  of  the  AC  input  power  to  provide  an  input  condition  signal;  and 
selector  means  for  supplying  the  second  reference  to  the  control  means  if  the  input  condition  signal  is 
provided. 

5  In  other  words,  according  to  the  present  invention,  the  power  converter  is  driven  so  that  a  motor  (load) 
keeps  an  unloaded  driving  state  during  power  interruption,  and  immediately  generates  a  load  torque  when  a 
DC  voltage  having  a  predetermined  value  is  assured  and  power  restoration  is  detected. 

A  second  object  of  the  present  invention  is  to  provide  a  power  converter  comprising  a  controlling 
means  for  controlling  a  DC  voltage  and  power  converter  output  frequency  in  accordance  with  a  reduction  in 

70  motor  speed  upon  power  interruption,  controlling  an  output  phase  so  that  a  motor  terminal  voltage  phase 
and  a  power  converter  output  phase  are  controlled  to  be  always  constant,  and  performing  restart  after  a 
power  supply  is  restored  in  a  shortest  time  period  without  waiting  for  a  decreases  in  motor  terminal  voltage. 

In  order  to  achieve  the  above  second  object,  according  to  the  present  invention,  during  power 
interruption,  a  motor  speed  is  detected  in  accordance  with  terminal  voltage  Vac  of  load  motor  5.  The  output 

75  frequency  of  the  power  converter  is  controlled  in  response  to  the  detection  signal,  so  that  DC  voltage  Vdc 
follows  the  motor  speed  to  be  controlled.  Therefore,  the  magnetic  flux  of  motor  5  is  assured  to  be  a 
predetermined  value  or  more  during  power  interruption.  After  power  restoration,  DC  voltage  Vdc  is 
increased  by  a  DC  voltage  controller  (200,  210)  in  accordance  with  a  predetermined  function.  Therefore,  the 
above  controller  for  controlling  a  DC  voltage  during  power  interruption  controls  to  increase  an  output 

20  frequency  so  that  DC  voltage  Vdc  is  decreased,  and  motor  5  is  accelerated  in  a  shortest  time  period. 
In  the  power  converter  having  the  above  arrangement,  the  ratio  between  motor  terminal  voltage  Vac  and 

the  motor  speed  is  controlled  to  be  constant  during  power  interruption.  After  power  restoration,  DC  voltage 
Vdc  is  increased  in  accordance  with  a  predetermined  function,  so  that  the  motor  speed  can  be  smoothly 
controlled  to  be  accelerated  in  a  shortest  time  period. 

25  This  invention  can  be  more  fully  understood  from  the  following  detailed  description  when  taken  in 
conjunction  with  the  accompanying  drawings,  in  which: 

Fig.  1  is  a  block  diagram  showing  an  arrangement  of  a  power  converter  according  to  an  embodiment 
of  the  present  invention; 

Fig.  2  is  a  block  diagram  showing  an  arrangement  of  a  power  converter  according  to  another 
30  embodiment  of  the  present  invention; 

Fig.  3  is  a  block  diagram  illustrating  an  arrangement  of  a  reference  generator  (310)  shown  in  Fig.'  2; 
Fig.  4  is  a  block  diagram  illustrating  an  arrangement  of  a  comparator  (320)  shown  in  Fig.  2; 
Fig.  5  is  a  block  diagram  illustrating  an  arrangement  of  a  changer  (330)  shown  in  Fig.  2; 
Figs.  6A  and  6B  are  waveform  charts  for  explaining  a  predetermined  function  representing  a  change 

35  in  DC  current  voltage  in  the  power  converter  after  power  restoration; 
Fig.  7  is  a  block  diagram  showing  an  arrangement  obtained  by  excluding  the  arrangement  of  the 

present  invention  from  the  embodiment  shown  in  Fig.  1  (not  prior  art);  and 
Fig.  8  is  a  block  diagram  showing  an  arrangement  obtained  by  excluding  the  arrangement  of  the 

present  invention  from  the  embodiment  shown  in  Fig.  2  (not  prior  art). 
40 

An  embodiment  of  the  present  invention  will  be  described  hereinafter  with  reference  to  Fig.  1. 
Note  that  the  same  reference  numerals  in  the  following  description  denote  the  same  parts  as  in  the 

above  description,  and  a  description  thereof  is  omitted. 
As  shown  in  Fig.  1  ,  in  this  embodiment,  power  interruption  detector  6  detects  power  interruption.  Output 

45  voltage  reference  V*  and  output  frequency  reference  f*  of  self-excited  inverters  are  switched  by  switching 
circuit  18  in  response  to  power  interruption  detection  signal  E6.  More  specifically,  deviation  E16X  between 
load  current  signal  E15  obtained  by  signal-converting  load  current  lac  detected  by  load  current  detector  14 
by  AC/DC  converter  15,  and  value  E16  set  by  current  setting  circuit  16  is  operationally  amplified  by 
operational  amplifier  17,  so  that  signal  E17  is  obtained.  Signal  E17  serves  as  output  voltage  reference  V*. 

50  Deviation  E12X  between  DC  voltage  signal  E11  detected  by  DC  voltage  detector  11  and  value  E12  set 
by  DC  voltage  setting  circuit  12  is  operationally  amplified  by  operational  amplifier  13  to  obtain  signal  E13. 
Signal  E13  serves  as  output  frequency  reference  f*. 

In  this  embodiment  with  the  above  arrangement,  when  the  power  of  power  supply  1  is  suspended, 
circuit  18  is  immediately  switched  in  response  to  output  E6  from  detector  6,  and  output  voltage  reference  V* 

55  and  output  frequency  reference  f  are  converted  into  signals  E13  and  E17,  respectively.  Therefore,  the 
following  driving  state  is  obtained. 

Assume  that  set  value  E12  of  DC  voltage  setting  circuit  12  is  set  at  a  normal  DC  voltage  value.  If  DC 

voltage  Vdc  is  decreased,  output  frequency  reference  f  is  decreased  in  response  to  signal  E13  obtained  by 
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operationally  amplifying  the  difference  between  set  value  E12  and  DC  voltage  signal  E11  by  operational 
amplifier  13. 

When  the  output  frequency  of  the  self-excited  inverter  is  decreased  as  compared  with  a  value 
corresponding  to  the  motor  speed  of  motor  5,  motor  5  performs  a  regenerating  operation.  Therefore,  motor 

5  5  serves  as  a  generator,  and  its  mechanical  energy  is  converted  into  electrical  energy.  Capacitor  3 
connected  to  DC  power  supply  lines  2A  and  2B  is  charged  by  the  electrical  energy,  and  DC  voltage  Vdc  is 
increased  to  value  E12  set  by  DC  voltage  setting  circuit  12.  Thus,  DC  voltage  Vdc  is  kept  at  a 
predetermined  value  on  the  basis  of  set  value  E12. 

In  this  state,  since  self-excited  inverters  2  and  4  consume  little  power,  the  value  of  the  inverter  output 
io  frequency  is  substantially  equal  to  the  value  of  the  motor  speed  of  motor  5.  When  value  E16  corresponding 

to  an  unloaded  current  is  set  by  current  setting  circuit  16  in  this  state,  inverter  output  voltage  Vac  is 
determined  so  that  a  current  corresponding  to  the  set  unloaded  current  is  supplied  as  output  current  lac  of 
the  self-excited  inverters. 

In  the  above  driving  state,  the  output  frequency  of  the  self-excited  inverter  is  determined  in  accordance 

75  with  the  motor  speed  of  motor  5,  and  only  current  lac  corresponding  to  an  unloaded  current  is  supplied  to 
motor  5.  In  other  words,  motor  5  is  kept  in  a  substantially  rated  exciting  state.  In  addition,  DC  voltage  Vdc  is 

always  kept  at  a  value  corresponding  to  a  normal  value  after  power  restoration. 
After  power  supply  1  is  restored  from  the  power  interruption  state,  therefore,  output  frequency  reference 

f  at  this  time  serves  as  a  speed  set  value,  so  that  motor  5  can  be  immediately  accelerated  to  a  speed  set 
20  by  speed  setting  circuit  7  from  a  current  speed,  thereby  preventing  unnecessary  reduction  in  motor  speed. 

As  described  above,  according  to  the  present  invention,  even  if  the  power  of  AC  power  supply  1  is 
suspended,  the  power  converter  continues  its  operation  so  that  motor  5  itself  keeps  an  unloaded  driving 
state,  and  the  power  converter  keeps  a  driving  state  as  if  no  power  interruption  occurs.  Therefore, 
reacceleration  of  motor  5  after  power  restoration  can  be  performed  in  a  shortest  time  period. 

25  Another  embodiment  of  the  present  invention  will  be  described  hereinafter  with  reference  to  Fig.  2.  Note 
that  the  reference  numerals  in  Fig.  2  denote  the  same  parts  as  in  Fig.  8,  and  a  description  thereof  is 
omitted. 

As  shown  in  Fig.  2,  a  power  converter  according  to  the  present  invention  comprises:  insulated  amplifier 
300  for  detecting  DC  voltage  Vdc;  reference  generator  310  for  generating  output  frequency  reference  E310 

30  until  power  is  restored  and  control  is  started  after  power  interruption  in  response  to  output  signal  E300  from 
amplifier  300  and  terminal  voltage  detection  signal  E160  of  load  motor  5;  comparator  320  for  comparing 
signal  E190  from  speed  reference  generator  190  with  output  signal  E310  from  reference  generator  310,  and 

detecting  their  coincidence;  changer  330  for  generating  reference  changing  signal  E330  on  the  basis  of 

output  signal  E320  from  comparator  320  and  signal  E180  from  voltage  failure  detector  (power  interruption 
35  detector)  180;  and  switch  340  for  switching  reference  E190  or  E310  to  be  input  to  oscillator  220  in  response 

to  changing  signal  E330. 
With  the  above  arrangement,  when  the  power  of  AC  power  supply  1  is  suspended,  the  power 

interruption  is  detected  by  power  interruption  detector  180,  and  detection  signal  E180  is  supplied  to  voltage 
controller  200  and  phase  controller  210.  Then,  a  gate  signal  supplied  to  rectifier  2  is  shifted  or  shift-blocked. 

40  Thus,  the  control  for  switching  devices  (thyristor  or  the  like)  in  rectifier  2  is  stopped. 
During  the  above  operations,  power  interruption  detection  signal  E180  from  power  interruption  detector 

180  is  supplied  to  changer  330,  and  reference  switch  340  is  switched.  Thus,  signal  E190  from  speed 
reference  setting  circuit  190  which  is  previously  used  is  disconnected,  and  output  signal  E310  of  reference 
generator  310  is  connected  to  oscillator  220. 

45  Terminal  voltage  (remaining  voltage)  Vac  of  load  motor  5  is  detected  by  voltage  transformer  160,  and 
the  speed  and  voltage  phase  of  load  motor  5  are  calculated  by  reference  generator  310  in  response  to 
detection  signal  E160.  In  reference  generator  310,  DC  voltage  detection  signal  E300  from  insulated  amplifier 
300  is  compared  with  a  speed  signal  (E311G  in  Fig.  3)  of  load  motor  5  calculated  in  reference  generator 
310,  and  reference  signal  E310  corresponding  to  the  operation  frequency  of  inverter  4,  having  a  predeter- 

50  mined  ratio,  is  supplied  to  oscillator  220  through  switch  340.  Therefore,  the  frequency  and  phase  of  inverter 
4  are  controlled.  At  this  time,  DC  voltage  Vac  of  inverters  2  and  4  and  terminal  voltage  Vac  of  load  motor  5 
are  controlled  in  accordance  with  a  proportional  relationship.  With  this  control,  terminal  voltage  Vac  and 
motor  speed  of  load  motor  5  constantly  keep  a  predetermined  relationship,  and  the  magnetic  flux  of  load 
motor  5  is  always  kept  at  a  predetermined  value  during  power  interruption. 

55  Thereafter,  when  power  restoration  of  power  supply  1  is  detected  by  power  interruption  detector  180, 
power  restoration  detection  signal  E180  is  supplied  to  phase  controller  210  and  voltage  controller  200,  and 
these  controllers  restart  control.  Thus,  DC  voltage  control  in  rectifier  2  is  started.  At  this  time,  the  DC 
voltage  reference  signal  supplied  to  voltage  controller  200  is  set  signal  E190  of  speed  reference  setting 
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circuit  190.  In  this  case,  DC  voltage  Vdc  is  caused  to  follow  set  value  E190  of  speed  reference  setting 
circuit  190  by  voltage  controller  200.  For  example,  when  set  value  E190  is  set  at  a  value  larger  than  DC 
voltage  Vdc  upon  power  restoration,  reference  generator  310  mentioned  in  the  above  description  for  the 
control  during  power  interruption,  controls  the  frequency  and  phase  of  inverter  4  to  decrease  DC  voltage 

5  Vcic,  thus  increasing  input  current  lac  to  load  motor  5. 
In  order  to  decrease  DC  voltage  Vdc,  a  larger  amount  of  current  lac  may  be  supplied  to  load  motor  5. 

Therefore,  the  phase  of  inverter  4  advances,  so  that  the  control  for  increasing  current  lac  and  decreasing 
DC  voltage  Vdc  is  performed.  However,  the  power  supplied  from  rectifier  2  is  sufficiently  assured  by  power 
restoration  of  AC  power  supply  1  .  For  this  reason,  the  frequency  of  inverter  4  is  increased  as  the  phase  is 

iq  shifted,  and  the  motor  speed  of  load  motor  5  is  accelerated.  Thereafter,  the  coincidence  between  the  value 
of  output  E310  from  reference  generator  310  and  the  value  of  output  E190  from  speed  reference  setting 
circuit  190  is  detected  by  comparator  320,  and  switch  340  is  switched  to  a  normal  driving  mode  through 
changer  330  (in  this  state,  oscillator  220  is  operated  in  response  to  signal  E190). 

Note  that  the  speed  and  phase  of  the  motor  can  be  detected  by  a  mechanical  means.  In  this  case,  the 
t5  same  effect  as  in  the  embodiment  shown  in  Fig.  2  can  be  obtained. 

Fig.  3  shows  an  arrangement  of  typical  reference  generator  310  in  Fig.  2. 
Signal  E160  representing  terminal  voltage  Vac  of  load  motor  5  is  converted  into  sine-wave  signal  E311A 

having  no  high-frequency  noise  through  low-pass  filter  31  1A.  Signal  E311A  is  input  to  a  zero-crossing 
sensor  including  resistor  R311,  inverting  amplifier  31  1B,  and  diode  D311.  Signal  E311A  is  converted  into 

20  rectangular-wave  signal  E311B  having  a  duty  ratio  of  50%  (phase  angle:  180°)  by  the  zero-crossing  sensor. 
When  the  potential  of  signal  E311A  zero-crosses  from  a  positive  value  to  a  negative  value,  rectangular- 

wave  signal  E311B  rises  from  logic  "0"  to  logic  "1".  When  signal  E311B  rises,  monostable  multivibrator 
31  1C  is  triggered.  Then,  monostable  multivibrator  311C  generates  pulse  signal  E311C  set  at  logic  "1"  at 
the  leading  edge  of  signal  E31  1  B. 

25  Pulse  signal  E311C  is  generated  at  a  rate  of  one  pulse  per  period  (e.g.,  50  ms)  of  terminal  voltage  Vac, 
and  is  input  to  hold  circuit  (latch  circuit)  31  1  F.  Hold  circuit  31  1  F  outputs  reset  pulse  RP  for  every  input  of 
pulse  signal  E311C. 

On  the  other  hand,  clock  pulse  E311D  having  a  period  (e.g.,  0.05  ms)  much  shorter  than  terminal 
voltage  Vac  is  input  to  counter  31  1E  from  pulse  oscillator  31  1D.  Counter  31  1  E  is  reset  in  response  to  reset 

3Q  pulse  RP,  and  counts  clock  pulse  E311D  generated  during  one  period  of  reset  pulse  RP.  Count  result 
E31  1  E  is  temporarily  stored  in  hold  circuit  31  1  F. 

More  specifically,  hold  circuit  31  1F  stores  data  E311F  obtained  by  digitizing  one  period  of  terminal 
voltage  Vac  (one  period  of  reset  pulse  RP)  by  a  count  value  of  clock  pulse  E31  1  D.  Period  data  E31  1  F  is 
updated  every  period  of  terminal  voltage  Vac,  and  converted  into  analog  signal  E31  1  G  by  D/A  converter 

35  31  1  G.  This  signal  E31  1  G  includes  phase  or  frequency  data  of  voltage  Vac  of  motor  5. 
The  above-mentioned  circuit  elements  311  A  to  31  1G  constitute  a  means  for  detecting  a  period  or 

frequency  of  terminal  voltage  Vac  of  load  motor  5. 
The  above-mentioned  analog  signal  E311G  is  input  to  inverting  amplifier  31  2A  through  resistor  R312A. 

Amplifier  31  2A  receives  signal  E300  representing  DC  output  voltage  Vdc  of  rectifier  2  through  resistor 
40  R312B.  Output  E312A  from  amplifier  31  2A  is  subjected  to  negative  feedback  to  its  input  terminal  through 

capacitor  C312  and  resistor  R312. 
Thus,  a  proportional  integrating  circuit  for  comparing  analog  signal  E311G  with  DC  voltage  signal  E300 

and  proportionally  integrating  and  amplifying  the  comparison  result  is  constituted. 
Note  that  a  series  circuit  of  opposed-connected  constant  voltage  diodes  Z312A  and  Z312B  which  is 

45  connected  in  parallel  with  a  series  circuit  of  capacitor  C312  and  resistor  R312  is  employed  to  obtain  a 
limiter  function  for  limiting  the  voltage  level  of  output  E312A  from  amplifier  31  2A  to  a  predetermined  value 
or  less. 

Output  E312A  from  amplifier  31  2A  is  input  to  inverting  amplifier  31  2B  through  resistor  R312C.  Amplifier 
31  2B  also  receives  the  above-mentioned  analog  signal  E311G  through  resistor  R312D.  Output  E310  from 

50  amplifier  31  2B  is  subjected  to  negative  feedback  to  its  input  terminal  through  resistor  R312E.  Thus,  an 
adder  for  adding  analog  signal  E311G  to  output  E312A  is  constituted. 

Fig.  4  shows  an  arrangement  of  typical  comparator  320  in  Fig.  2. 
Output  E310  from  reference  generator  310  is  input  to  inverting  amplifier  320A  through  resistor  R320A. 

Output  E320A  from  amplifier  320A  is  subjected  to  negative  feedback  to  its  input  terminal  through  resistor 
55  R320B.  Output  E320A  is  input  to  inverting  amplifier  320B  through  resistor  R320C.  Amplifier  320B  also 

receives  speed  reference  set  value  E190  through  resistor  R320D.  The  output  terminal  of  amplifier  320B  is 
connected  to  its  input  terminal  through  a  cathode-anode  path  of  diode  D320. 

Amplifier  320B  compares  level  -E310  with  level  +190.  Amplifier  320B  outputs  signal  E320  set  at  logic 
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"1  "  when  E190  <  E310,  and  outputs  signal  E320  set  at  logic  "0"  when  E190  >  E310. 
Fig.  5  shows  an  arrangement  of  typical  changer  330  in  Fig.  2. 
When  power  interruption  detector  180  detects  power  interruption  of  AC  power  supply  1  and  output 

E180  from  detector  180  rises  to  logic  "1",  RS  flip-flop  330A  is  set  and  Q  output  E330  therefrom  is  set  at 
5  logic  "1  ".  Switch  340  shown  in  Fig.  2  is  switched  in  response  to  logic  "1  "  output  E330.  Therefore,  reference 

generator  output  E310  is  supplied  to  oscillator  220  in  place  of  speed  reference  set  value  E190. 
Output  E330  set  at  logic  "1"  is  delayed  by  delay  circuit  330B  by  a  predetermined  time  (e.g.,  about  1 

US),  and  serves  as  delay  signal  E330B.  Signal  E330B  is  supplied  to  the  first  input  terminal  of  AND  gate 
330C.  Signal  E320  is  input  to  the  second  input  terminal  of  AND  gate  330C,  and  signal  E330D  is  input  to  the 

10  third  input  terminal  thereof.  (This  signal  E330D  is  obtained  by  inverting  the  level  of  output  E310  by  NOT 

gate  330D). 
Assume  that  when  flip-flop  330A  is  kept  set  (both  signals  E330  and  E330B  are  set  at  logic  "1  ")  and  the 

logic  level  of  signal  E320  is  set  at  "1  ",  power  suspension  detector  1  80  detects  power  restoration  of  AC 
power  supply  1  and  output  E180  is  set  at  logic  "0".  Therefore,  AND  gate  330  is  enabled  and  flip-flop  330A 

75  is  reset  in  response  to  output  E330C  from  AND  gate  330C. 
Then,  Q  output  E330  from  flip-flop  330A  is  set  at  logic  "0".  Switch  340  shown  in  Fig.  2  is  switched  in 

response  to  logic  "0"  output  E330,  and  speed  reference  set  value  E190  is  supplied  to  oscillator  220  in 
place  of  reference  generator  output  E310. 

Note  that  power  interruption  detector  180  shown  in  Fig.  2  may  be  the  same  as  power  interruption 
20  detector  6  shown  in  Fig.  1. 

Figs.  6A  and  6B  are  waveform  charts  showing  a  change  in  DC  voltage  Vdc  in  the  power  converter  after 

power  restoration. 
As  represented  by  time  t1  in  Fig.  6A,  when  the  power  of  AC  power  supply  1  is  suspended,  AC  input 

voltages  Vi  of  inverters  2  and  4  fall  to  "0".  Thereafter,  when  the  power  of  AC  power  supply  1  is  restored  at 
25  time  t2,  AC  input  voltage  Vi  is  rapidly  returned  to  a  rated  voltage  value.  Then,  DC  voltage  Vdc  inside  the 

inverter  increases  at  a  predetermined  rate  of  change  (predetermined  function)  AN/  At  in  accordance  with  the 
return  of  input  voltage  Vi,  where  At  is  the  unit  time,  and  AN  is  the  rate  of  change  in  motor  speed  per  unit 
time. 

The  change  in  DC  voltage  Vdc  is  a  function  which  satisfies,  e.g.,  the  following  condition: 
30 

TmsY  S  SGD2  x  NS  x  AN  ,  TH  ,  ,  . i rcax  >  ^?5  x  3?5  x  kw  x  At  +  IN  . . .   ( 1 )  

where 
35  EGD2  :  total  moment  of  inertia  QD2  of  motor  and  its  load 

NS  :  synchronizing  speed  of  motor 
KW  :  rated  output  of  motor 
IN  :  load  current  to  motor  (corresponding  to  lac  in  Figs.  1  and  2) 
Imax  :  maximum  allowable  current  of  inverter 

40  Note  that  the  above  predetermined  function  can  be  defined  as  follows.  More  specifically,  load  current  IN  is 
predicted  in  accordance  with  a  motor  speed  on  the  basis  of  known  data,  and  output  voltage  Vdc  of  rectifier 
2  is  increased  so  that  a  current  obtained  'by  adding  motor  accelerating  current  lace  to  predicted  load  current 
IN  serves  as  DC  input  current  Idc  of  inverter  4.  In  this  case,  motor  accelerating  current  lace  is  determined 
to  satisfy,  e.g.,  the  following  condition: 

45 

T a r r   -  SGp2  x  NS  x  AN  ,  ,  . XaCC  975  x  375  x  JcW  x  At  ' "   (/L> 

50  Note  that  load  current  IN  is  predicted  under  the  following  condition.  More  specifically,  the  load  current  is 
kept  constant  independently  of  the  motor  speed  (in  the  case  of  a  constant-torque  load),  or  the  load  current 
is  kept  substantially  proportional  to  the  square  value  of  the  motor  speed  (in  the  case  of  a  square-torque 
load). 

According  to  the  present  invention,  motor  speed  N  and  the  phase  or  frequency  of  voltage  Vac  of  motor 

55  5  are  detected  during  power  interruption  (Vi  =  0).  The  output  frequency  and  phase  of  the  power  converter 
are  controlled  in  accordance  with  detection  signal  E310,  and  DC  voltage  Vdc  te  controlled  in  correspon- 
dence  with  (in  proportion  to)  motor  speed  N.  Therefore,  the  following  effects  can  be  obtained. 
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(1)  After  power  restoration,  motor  5  can  be  immediately  controlled  independently  of  the 
presence/absence  of  motor  terminal  voltage  Vac. 

(2)  Since  a  motor  magnetic  flux  is  determined  at  a  constant  value  during  power  interruption,  re- 
excitation  of  the  motor  is  not  required  after  power  restoration,  and  a  motor  speed  can  be  accelerated  in  a 

5  shortest  time  period. 
(3)  After  the  power  restoration,  the  motor  is  accelerated  to  set  value  E190  of  speed  reference  setting 

circuit  190.  When  set  value  E190  coincides  with  output  E310  from  reference  generator  310,  reference 
switching  is  performed  by  switch  340.  Therefore,  a  shift  to  the  normal  driving  mode  can  be  smoothly 
performed. 

w 

Claims 

75  1  .  A  power  converter  for  converting  AC  input  power  into  DC  power  and  converting  the  DC  power  into 
AC  output  power  to  which  a  load  (5)  is  connected,  said  power  converter  comprising: 
controi  means  (9-10/220-230)  for  controlling  power  converting  operation  of  said  power  converter  (2-4); 
DC  voltage  detector  means  (11/300)  for  detecting  a  DC  voltage  (Vdc)  of  the  DC  power  to  provide  a  DC 
voltage  signal  (E11/E300); 

20  first  reference  generator  means  (12X-13/190)  for  generating  a  first  reference  (E13/E190); 
output  detector  means  (14-15/160)  for  detecting  a  condition  (lac/Vac)  of  the  AC  output  power  to  provide  an 
output  condition  signal  (E15/E160); 
second  reference  generator  means  (16X-1  7/310),  coupled  to  said  output  detector  means  (14-15/160),  for 
generating  a  second  reference  (E17/E310)  in  response  to  said  output  condition  signal  (E15/E160); 

25  condition  detector  means  (6/170-180)  for  detecting  a  condition  of  the  AC  input  power  to  provide  an  input 
condition  signal  (E6/E180);  and 
selector  means  (18/330-340),  coupled  to  said  condition  detector  means  (6/170-180)  and  said  control  means 
(9-10/220-230),  for  supplying  said  second  reference  (E17-E310)  to  said  control  means  (9-10/220-230)  when 
said  input  condition  signal  (E6/E180)  is  provided. 

30  2.  A  power  converter  according  to  claim  1,  characterized  in  that  said  first  reference  generator  means 
(12X-13)  generates  the  first  reference  (E13)  in  accordance  with  a  difference  between  said  DC  voltage  signal 
(E11)  and  a  given  DC  voltage  reference  (E12). 

3.  A  power  converter  according  to  claim  2,  characterized  in  that  said  output  detector  means  (14-15) 
detects  an  output  current  (lac)  flowing  to  the  load  (5)  and  provides  an  output  current  signal  (E15) 

35  representing  said  output  condition  signal  (E15/E160). 
4.  A  power  converter  according  to  claim  3,  characterized  in  that  said  second  reference  generator  means 

(16X-17)  is  responsive  to  a  given  AC  current  reference  (E16),  and  generates  the  second  reference  (E17)  in 
accordance  with  a  difference  between  said  output  current  signal  (E15)  and  a  given  AC  current  reference 
(E16). 

40  5.  A  power  converter  according  to  claim  4,  characterized  in  that  said  condition  detector  means  (6) 
detects  power  interruption  of  the  AC  input  power  and  provides  a  power  interruption  signal  (E6)  representing 
said  input  condition  signal  (E6/E160). 

6.  A  power  converter  according  to  claim  5,  characterized  by  further  comprising  reference  generator 
means  (7-8)  for  generating  a  frequency  reference  (f  )  and  a  voltage  reference  (V*),  and  wherein  said  selector 

45  means  (18)  supplies  said  frequency  reference  (f)  and  said  voltage  reference  (V*)  to  said  control  means  (9- 
10)  when  no  power  interruption  occurs  at  the  AC  input  power,  and  supplies,  in  place  of  said  frequency 
reference  (f)  and  said  voltage  reference  (V*),  said  first  reference  (E13)  and  said  second  reference  (E17)  to 
said  control  means  (9-10)  when  said  power  interruption  signal  (E16)  is  provided. 

7.  A  power  converter  according  to  claim  1  ,  characterized  in  that  said  second  reference  generator  means 
50  (310)  generates  the  second  reference  (E310)  in  accordance  with  said  output  condition  signal  (E160)  and 

said  DC  voltage  signal  (E100). 
8.  A  power  converter  according  to  claim  7,  characterized  by  further  comprising  comparator  means 

(320),  coupled  to  said  first  reference  generator  means  (190)  and  said  second  reference  generator  means 
(310),  for  comparing  said  second  reference  (E310)  with  said  first  reference  (E190)  to  provide  a  comparison 

55  output  (E320). 
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9.  A  pow.er  converter  according  to  claim  8,  characterized  in  that  said  selector  means  (330-340)  supplies 
said  first  reference  (E190)  to  said  control  means  (220-230)  when  no  substantial  voltage  reduction  occurs  in 
the  AC  input  power,  and  supplies,  in  place  of  said  first  reference  (E190),  said  second  reference  (E310)  to 
said  control  means  (220-230)  in  response  to  said  comparison  output  (E320)  when  said  input  condition  signal 

5  (E180)  is  provided. 
10.  A  power  converter  according  to  any  one  of  claims  1  to  9,  characterized  in  that  said  second 

reference  generator  means  (310)  includes: 
frequency  detector  means  (311)  for  detecting  frequency  of  an  AC  output  voltage  (Vac)  applied  to  the  load 

(5),  and  providing  a  frequency  signal  (E31  1  G)  having  a  signal  level  corresponding  to  the  frequency  of  the 
10  AC  output  voltage  (Vac);  and 

means  (312),  coupled  to  said  frequency  detector  means  (311)  and  to  said  DC  voltage  detector  means  (300), 
for  combining  said  frequency  signal  (E311G)  with  said  DC  voltage  signal  (E300)  to  provide  said  second 
reference  signal  (E310). 
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