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©  A  method  of  controlling  a  power  regenerative 
equipment:  providing  in  sequence  "on"  timing  sig- 
nals  to  self-arc-extinguishing  semiconductor  devices 
in  response  to  phase  voltages  of  an  AC  power 
source,  and  overlapping  two  of  the  "on"  timing  sig- 
nals  corresponding  to  two  adjacent  ones  of  the 
phase  voltages  with  each  other  during  a  period  of 
time  from  a  point  that  a  potential  difference  between 
the  two  adjacent  ones  of  the  phase  voltages  is 
smaller  than  a  predetermined  value  to  a  point  that 
the  potential  difference  is  null. 
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BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  generally  to  a 
converter  which  enables  regeneration  of  electric 
power  and  more  particularly,  to  a  method  of  con- 
trolling  a  power  regenerative  equipment. 

Various  regenerative  converters  using  self-arc- 
extinguishing  semiconductor  devices  have  been 
proposed  in  past  years.  With  such  known  regenera- 
tive  converters,  when  regenerating  electric  power,  a 
depression  is  unavoidably  produced  in  an  input  line 
voltage  waveform,  which  may  form  a  noise  source, 
and  cause  malfunction  of  the  other  equipments 
connected  to  the  same  system. 

It  is,  therefore,  an  object  of  the  present  inven- 
tion  to  provide  a  method  of  controlling  a  power 
regenerative  equipment  without  any  depression  in 
a  line  voltage  waveform. 

SUMMARY  OF  THE  INVENTION 

According  to  one  aspect  of  the  present  inven- 
tion,  there  is  provided  a  method  of  controlling  a 
power  regenerative  equipment,  the  power  regen- 
erative  equipment  having  a  power  converter  includ- 
ing  a  plurality  of  diodes  connected  to  each  other  in 
a  three-phase  bridge  manner  and  a  plurality  of  self- 
arc-extinguishing  semiconductor  devices  connected 
in  parallel  thereto,  respectively,  and  having  an  input 
side  connected  to  an  AC  power  source  for  provid- 
ing  phase  voltages,  the  method  comprising  the 
steps  of: 

providing  in  sequence  "on"  timing  signals  to 
the  plurality  of  self-arc-extinguishing  semiconductor 
devices  in  response  to  the  phase  voltages  of  the 
AC  power  source;  and 

overlapping  two  of  said  "on"  timing  signals 
corresponding  to  two  adjacent  ones  of  the  phase 
voltages  with  each  other  during  a  period  of  time 
from  a  point  that  a  potential  difference  between 
said  two  adjacent  ones  of  the  phase  voltages  is 
smaller  than  a  predetermined  value  to  a  point  that 
said  potential  difference  is  null. 

According  to  another  aspect  of  the  present 
invention,  there  is  provided  a  power  regenerative 
equipment,  comprising: 

a  power  converter  including  a  plurality  of  di- 
odes  connected  to  each  other  in  a  three-phase 
bridge  manner  and  a  plurality  of  self-arc-extinguish- 
ing  semiconductor  devices  connected  in  parallel 
thereto,  respectively,  the  power  converter  having 
an  input  side  connected  to  an  AC  power  source  for 
providing  phase  voltages; 

a  controller  connected  to  said  power  converter, 
said  controller  being  so  constructed  as  to: 

provide  in  sequence  "on"  timing  signals  to 
said  plurality  of  self-arc-extinguishing  semiconduc- 
tor  devices  in  response  to  said  phase  voltages  of 

said  AC  power  source;  and 
overlap  two  of  said  "on"  timing  signals  cor- 

responding  to  two  adjacent  ones  of  said  phase 
voltages  with  each  other  during  a  period  of  time 

5  from  a  point  that  a  potential  difference  between 
said  two  adjacent  ones  of  said  phase  voltages  is 
smaller  than  a  predetermined  value  to  a  point  that 
said  potential  difference  is  null. 

w  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1A  is  a  voltage  waveform  chart  of  an  AC 
power  source  of  a  power  regenerative  equip- 
ment  to  which  the  present  invention  is  applied; 

75  Fig.  1B  is  a  time  chart  of  gate  signals  out  of  the 
power  regenerative  equipment; 
Fig.  2  is  a  diagrammatic  view  for  explaining  a 
power  regenerative  equipment  control  method 
according  to  the  present  invention; 

20  Fig.  3  is  a  circuit  diagram  showing  a  known 
power  regenerative  equipment; 
Fig.  4A  is  a  view  similar  to  Fig.  1A,  but  of  a 
known  AC  power  source; 
Fig.  4B  is  a  view  similar  to  Fig.  1B,  but  of  the 

25  known  power  regenerative  equipment; 
Fig.  5A  is  a  view  similar  to  Fig.  4A,  but  for 
explaining  a  known  power  regenerative  equip- 
ment  control  method; 
Fig.  5B  is  a  view  similar  to  Fig.  4B,  but  for 

30  explaining  the  known  power  regenerative  equip- 
ment  control  method; 
Fig.  5C  is  a  view  similar  to  Fig.  3,  showing 
current  passing  through  a  power  converter  of 
the  known  power  regenerative  equipment;  and 

35  Fig.  6  is  an  enlarged  voltage  waveform  chart  of 
the  known  AC  power  source  for  explaining  a 
problem  of  the  known  power  regenerative  equip- 
ment  control  method. 

40  DETAILED  DESCRIPTION  OF  THE  INVENTION 

Referring  to  the  drawings  wherein  like  refer- 
ence  numerals  designate  like  parts  throughout  the 
views,  referring  first  to  Figs.  3  to  6,  before  describ- 

45  ing  a  preferred  embodiment  of  the  present  inven- 
tion,  one  of  the  previously  proposed  regenerative 
converters  will  be  described. 

Referring  to  Fig.  3,  reference  numeral  1  gen- 
erally  designates  a  three-phase  AC  power  source 

50  which  is  connected  to  a  power  converter  2  through 
AC  reactors  ACLU-ACLW  for  input  current  limita- 
tion.  The  power  converter  2  comprises  diodes  DU- 
DZ  connected  to  each  other  in  a  three-phase 
bridge  manner,  and  self-arc-extinguishing  semicon- 

55  ductor  devices  such  as  transistors  TRU-TRZ  con- 
nected  in  parallel  to  the  diodes  DU-DZ,  respec- 
tively.  A  smoothing  capacitor  3  and  a  load  4  are 
connected  in  parallel  to  the  power  converter  2  on 
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the  DC  side  thereof.  A  control  circuit  5  is  arranged 
to  detect  a  voltage  phase  of  the  AC  power  source 
1,  and  generate  signals  on  predetermined  gate 
timings  or  "on"  timings  of  the  transistors  TRU-TRZ. 
Additionally,  a  driver  circuit  6  is  arranged  to  amplify 
gate  signals  output  from  the  control  circuit  5,  and 
fulfill  switching  control  of  the  transistors  TRU-TRZ. 

The  transistors  TRU-TRZ  are  subjected  to  "on" 
control  in  accordance  with  the  voltage  phase  of  the 
AC  power  source  1  at  timings  as  shown  in  Figs.  4A 
and  4B.  Fig.  4A  shows  a  voltage  waveform  of  the 
AC  power  source  1  in  connection  with  U-,  V-,  W-, 
and  U-V  phases,  whereas  Fig.  4B  shows  a  time 
chart  of  "on"  gate  signals  output  from  the  control 
circuit  5.  Between  U-  and  V-phases,  for  example,  if 
an  instantaneous  value  of  input  line  voltage  of  the 
AC  power  source  1  is  higher  than  DC  side  voltage 
of  the  power  converter  2,  i.e.  ,  voltage  VDC  across 
the  smoothing  capacitor  3,  current  passes  by  the 
following  route:  AC  power  source  1  -►  AC  reactor 
ACLU  -►  diode  DU  -►  smoothing  capacitor  3  -► 
diode  DY  -►  AC  reactor  ACLV  -►  AC  power  source, 
or  AC  power  source  1  -►  Ac  reactor  ACLV  -►  diode 
DV  -►  smoothing  capacitor  3  -►  diode  DX  -►  AC 
power  source.  Thus,  power  of  the  AC  power  source 
1  is  converted  into  DC  power  so  as  to  provide  on 
the  side  of  a  DC  circuit. 

On  the  other  hand,  if  the  instantaneous  value  of 
input  line  voltage  of  the  AC  power  source  1  is 
lower  than  voltage  VDC  across  the  smoothing  ca- 
pacitor  3,  current  passes  only  during  a  "on"  period 
of  time  as  shown  in  Fig.  4B  by  the  following  route: 
AC  power  source  1  -►  AC  reactor  ACLU  or  ACLV 
or  ACLW  -  transistor  TRX  or  TRY  or  TRZ  -  
smoothing  capacitor  3  -►  transistor  TRU  or  TRV  or 
TRW  -  AC  reactor  ACLU  or  ACLV  or  ACLW  -  AC 
power  source  1  .  Thus,  power  on  the  side  of  the  DC 
circuit  is  converted  into  AC  power  to  be  regener- 
ated  in  the  AC  power  source  1  .  Between  the  other 
two  phases,  operation  is  carried  out  in  the  same 
manner. 

Referring  to  Figs.  5A  to  5C,  when  regeneration 
of  electric  power  is  carried  out  by  such  known 
converter,  a  depression  is  produced  in  an  input  line 
voltage  waveform.  Specifically,  Fig.  5C  shows  a 
state  of  current  passing  through  the  power  con- 
verter  2  about  a  time  ti  .  Slightly  before  the  time  ti  , 
the  transistors  TRW,  TRY  are  both  on  as  shown  in 
Fig.  5B,  so  that  current  passes  as  indicated  by 
fully-drawn  arrows  in  Fig.  5C.  At  the  time  ti  ,  the 
transistor  TRW  is  off  as  shown  in  Fig.  5B,  so  that 
current  is  communtated  from  the  transistor  TRW  to 
the  diode  DZ  as  indicated  by  a  broken  arrow  in 
Fig.  5C.  As  a  result,  V-  and  W-phases  are  short- 
circuited,  and  phase  voltages  have  waveforms  as 
indicated  by  fully-drawn  lines  in  Fig.  5A,  respec- 
tively.  Thus,  a  depression  is  produced  in  an  U-V 
phase  voltage  waveform  is  produced  as  indicated 

by  a  broken  line  in  Fig.  5A  (see  also  Fig.  6). 
Between  the  other  two  phases,  operation  is  carried 
out  in  the  same  manner. 

Referring  to  Fig.  5C,  reference  numeral  Ls  des- 
5  ignates  an  equivalent  of  each  AC  reactor  ACLU- 

ACLW,  and  U  designates  an  equivalent  of  a  reac- 
tance  of  a  line  connecting  each  AC  reactor  ACLU- 
ACLW  and  the  power  converter  2.  A  width  AT  of 
the  depression  in  the  input  line  voltage  waveform  is 

io  determined  by  values  of  the  AC  side  reactances 
Ls,  L|.  Additionally,  a  height  AV  of  the  depression 
of  the  input  line  voltage  waveform  is  approximately 
equal  to  {(U  -  V)/2}  x  {LS/(LS  +  L,)}  at  a  spot  (A) 
as  shown  in  Fig.  5C,  i.e.,  ends  of  the  AC  reactors 

is  ACLU-ACLW  on  the  side  of  the  power  converter  2, 
and  (U  -  V)/2  at  a  spot  (B)  as  shown  in  Fig.  5C,  i.e., 
ends  of  the  AC  power  converter  2  on  the  AC  side 
thereof. 

As  described  above,  when  carrying  out  power 
20  conversion  at  "on"  timings  of  the  transistors,  since 

current  passing  through  the  transistors  is  cut  out 
according  to  "off"  control,  the  depression  is  pro- 
duced  in  the  line  voltage  waveform  as  shown  in 
Figs.  5A  and  6,  which  may  form  a  noise  source, 

25  and  cause  malfunction  of  the  other  equipments 
connected  to  the  same  system. 

Referring  next  to  Figs.  1A  to  2,  a  preferred 
embodiment  of  the  present  invention  will  be  de- 
scribed.  In  this  embodiment,  timings  of  the  gate 

30  signals  to  be  supplied  to  the  self-arc-extinguishing 
semiconductor  devices  or  transistors  TRU-TRZ  of 
the  power  converter  2  are  modified,  i.e.,  "on"  tim- 
ings  of  the  gate  signals  on  two  phases  having  an 
inverse  change  in  amplitude  are  overlapped  with 

35  each  other  as  shown  in  Figs.  1A  and  1B.  A  voltage 
waveform  in  Fig.  1A  and  a  time  chart  of  the  gate 
signals  in  Fig.  1B  are  obtained  by  applying  the 
present  invention  to  the  equipment  as  shown  in 
Fig.  3. 

40  By  way  of  example,  referring  to  Figs.  1A  and 
1B,  "on"  timings  of  the  transistors  TRU,  TRW  are 
overlapped  during  a  period  from  a  time  to  at  which 
a  difference  in  voltage  between  the  W-  and  U- 
phases  becomes  small  to  a  time  ti  at  which  the  W- 

45  and  U-phases  have  the  same  potential.  Referring  to 
Fig.  2,  it  will  be  understood  that  during  the  period 
to  -ti  with  the  "on"  timings  of  the  transistors  TRU, 
TRW  overlapped,  line  current  is  smoothly  com- 
muntated  in  accordance  with  the  relationship  of 

50  amplitude  of  phase  voltage  (see  currents  iw,  iu  as 
shown  in  Fig.  2,  which  pass  through  the  transistors 
TRW,  TRU,  respectively). 

According  to  this  embodiment,  since  the  tran- 
sistor  TRW  is  off  at  a  point  at  which  commutation 

55  is  completed,  i.e.,  time  ti  ,  the  depression  fails  to 
be  produced  in  the  line  voltage  waveform  as  shown 
in  Figs.  5A  and  6. 

3 
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Additionally,  since  the  current  iw  passing 
through  the  transistor  TRW  is  approximately  zero 
at  the  time  ti  ,  i.e.,  point  at  which  the  W-  and  U- 
phases  have  the  same  potential,  short-circuit  as 
described  above  in  connection  with  Figs.  5A  to  5C  5 
fails  to  occur  between  the  W-  and  V-phases. 

Moreover,  during  the  period  to  -ti  with  the  "on" 
timings  of  the  transistors  TRU,  TRW  overlapped  as 
shown  in  Fig.  2,  short-circuit  occurs  between  the 
W-and  U-phases,  but  no  cross  current  is  produced  10 
since  the  two  phases  have  approximately  the  same 
potential. 

Between  the  other  two  phases,  i.e.,  U  and  V,  V 
and  W,  X  and  Y,  Y  and  Z,  and  Z  and  X,  operation 
is  carried  in  the  same  manner.  is 

Having  described  the  present  invention  in  con- 
nection  with  the  preferred  embodiment,  it  is  to  be 
noted  that  the  present  invention  is  not  limited 
thereto,  but  various  changes  and  modifications  are 
possible  without  departing  from  the  spirit  of  the  20 
present  invention.  By  way  of  example,  the  self-arc- 
extinguishing  semiconductor  device  may  be  the 
other  element  in  place  of  the  transistor. 

Claims  25 

1.  A  method  of  controlling  a  power  regenerative 
equipment,  the  power  regenerative  equipment 
having  a  power  converter  including  a  plurality 
of  diodes  connected  to  each  other  in  a  three-  30 
phase  bridge  manner  and  a  plurality  of  self- 
arc-extinguishing  semiconductor  devices  con- 
nected  in  parallel  thereto,  respectively,  and 
having  an  input  side  connected  to  an  AC  pow- 
er  source  for  providing  phase  voltages,  the  35 
method  comprising  the  steps  of: 

providing  in  sequence  "on"  timing  signals 
to  the  plurality  of  self-arc-extinguishing  semi- 
conductor  devices  in  response  to  the  phase 
voltages  of  the  AC  power  source;  and  40 

overlapping  two  of  said  "on"  timing  signals 
corresponding  to  two  adjacent  ones  of  the 
phase  voltages  with  each  other  during  a  period 
of  time  from  a  point  that  a  potential  difference 
between  said  two  adjacent  ones  of  the  phase  45 
voltages  is  smaller  than  a  predetermined  value 
to  a  point  that  said  potential  difference  is  null. 

2.  A  power  regenerative  equipment,  comprising: 
a  power  converter  including  a  plurality  of  so 

diodes  connected  to  each  other  in  a  three- 
phase  bridge  manner  and  a  plurality  of  self- 
arc-extinguishing  semiconductor  devices  con- 
nected  in  parallel  thereto,  respectively,  the 
power  converter  having  an  input  side  connect-  55 
ed  to  an  AC  power  source  for  providing  phase 
voltages; 

a  controller  connected  to  said  power  con- 

verter,  said  controller  being  so  constructed  as 
to: 

provide  in  sequence  "on"  timing  signals  to 
said  plurality  of  self-arc-extinguishing  semicon- 
ductor  devices  in  response  to  said  phase  vol- 
tages  of  said  AC  power  source;  and 

overlap  two  of  said  "on"  timing  signals 
corresponding  to  two  adjacent  ones  of  said 
phase  voltages  with  each  other  during  a  period 
of  time  from  a  point  that  a  potential  difference 
between  said  two  adjacent  ones  of  said  phase 
voltages  is  smaller  than  a  predetermined  value 
to  a  point  that  said  potential  difference  is  null. 
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