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©  DC  power-supply  unit. 
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©  A  dc  power-supply  unit  converting  ac  power  into 
dc  power  is  provided  to,  when  ac  voltage  and/or  ac 
current  of  an  ac  power  supply  passes  through  a  zero 
point,  close  a  switch  after  a  preset  first  delay  time 

from  a  passing  through  time,  and  open  the  switch 
after  a  preset  second  delay  time  from  the  passing 
through  time. 
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BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

The  present  invention  relates  to  a  dc  power- 
supply  unit  which  converts  ac  power  into  dc  power, 
and  can  reduce  a  higher  harmonic  component  of 
input  current  so  as  to  improve  a  power  factor. 

Description  of  the  Prior  Art 

Fig.  1  is  a  circuit  diagram  of  a  choke-input  type 
of  dc  power-supply  unit  in  the  prior  art  disclosed  in, 
for  example,  "Electric  Cooperative  Research  Pa- 
per"  Vol.46,  No.2,  p.78  (published  by  Society  of 
Electric  Cooperative  Research).  In  Fig.  1,  reference 
numeral  1  means  an  ac  power  supply,  2  means  a 
reactor  (inductive  element)  serially  connected  to 
the  ac  power  supply  1,  3  is  a  rectifier  circuit 
(rectifying  means)  including  diode  bridges  (rectify- 
ing  devices)  4  to  7  connected  to  the  ac  power 
supply  1  and  the  reactor  2,  8  is  a  smoothing  circuit 
(smoothing  means)  including  a  capacitor  9  con- 
nected  in  parallel  with  the  rectifier  circuit  3,  10  is 
the  load  connected  to  the  smoothing  circuit  8,  and 
11  is  a  dc  power-supply  unit  including  the  reactor 
2,  the  rectifier  circuit  3,  and  the  smoothing  circuit  8. 

A  description  will  now  be  given  of  the  opera- 
tion.  When  the  source  voltage  shown  by  a  mark  e 
in  Fig.  1  exceeds  voltage  (shown  by  mark  vc  in 
Fig.  1)  of  the  capacitor  9  of  the  smoothing  circuit  8 
for  half  period  of  source  voltage  of  the  ac  power 
supply  1  ,  the  diode  bridges  4  and  7  of  the  rectifier 
circuit  3  cause  charging  current  to  flow  through  the 
reactor  2  so  as  to  charge  the  capacitor  9  of  the 
smoothing  circuit  8.  For  a  while,  a  difference  of 
voltage  between  the  source  voltage  e  and  the  volt- 
age  vc  of  the  capacitor  9  increases,  and  the  charg- 
ing  current  for  the  capacitor  9  increases.  However, 
after  a  time,  the  difference  of  voltage  between  the 
source  voltage  e  and  the  voltage  vc  of  the  capaci- 
tor  9  decreases,  and  the  charging  current  for  the 
capacitor  9  also  decreases.  When  the  charging 
current  reaches  zero,  the  diode  bridges  4  and  7  of 
the  rectifier  circuit  3  are  set  in  nonconducting  state. 
As  in  the  case  of  the  half  period,  the  diode  bridges 
5  and  6  of  the  rectifier  circuit  3  cause  the  same 
charging  current  to  flow  in  the  capacitor  9  of  the 
smoothing  circuit  8  through  the  reactor  2  for  the 
next  half  period. 

As  a  result,  the  source  voltage  e  of  the  ac 
power  supply  1  and  current  input  into  the  dc  pow- 
er-supply  unit  11  exhibit  waveforms  as  shown  in 
Figs.  2(a),  (b).  At  this  time,  the  voltage  charged  in 
the  capacitor  9  is  applied  to  the  load  10. 

Fig.  3  is  a  circuit  diagram  of  a  conventional  dc 
power-supply  unit  having  an  enhanced  power  fac- 
tor,  disclosed  in,  for  example,  Japanese  Patent 

Application  Laid-Open  No.  2-299470.  In  Fig.  3,  de- 
scriptions  of  component  parts  identical  with  those 
of  the  choke-input  type  of  dc  power-supply  unit  in 
the  prior  art  are  omitted. 

5  In  Fig.  3,  reference  numeral  12  means  a  tran- 
sistor  serving  as  switching  means  for  short-cir- 
cuiting  the  ac  power  supply  1  through  the  reactor 
2,  and  13  means  a  diode  to  prevent  counter-current 
from  the  capacitor  9  of  the  smoothing  circuit  8. 

io  A  description  will  now  be  given  of  the  opera- 
tion.  In  Fig.  3,  when  polarity  of  voltage  of  the  ac 
power  supply  1  on  the  side  of  the  reactor  2  is 
positive,  a  current  path  in  a  conducting  (ON)  state 
of  the  transistor  12  is  established  to  pass  through 

75  the  ac  power  supply  1,  the  reactor  2,  the  diode 
bridge  4,  the  transistor  12,  and  the  diode  bridge  7, 
and  return  to  the  ac  power  supply  1.  When  the 
polarity  of  the  voltage  of  the  ac  power  supply  1  on 
the  side  of  the  reactor  2  is  negative,  the  current 

20  path  in  the  conducting  (ON)  state  of  the  transistor 
12  is  established  to  pass  through  the  ac  power 
supply  1,  the  diode  bridge  6,  the  transistor  12,  the 
diode  bridge  5,  and  the  reactor  2,  and  return  to  the 
ac  power  supply  1  .  The  conducting  state  is  held  for 

25  an  appropriately  short  period  immediately  after  the 
voltage  of  the  ac  power  supply  1  passes  through 
its  zero  point. 

On  the  other  hand,  when  the  polarity  of  the 
voltage  of  the  ac  power  supply  1  on  the  side  of  the 

30  reactor  2  is  positive,  the  current  path  in  a  cutoff 
(OFF)  state  of  the  transistor  12  is  established  to 
pass  through  the  ac  power  supply  1  ,  the  reactor  2, 
the  diode  bridge  4,  the  diode  13,  the  capacitor  9, 
and  the  diode  bridge  7,  and  return  to  the  ac  power 

35  supply  1  .  When  the  polarity  of  the  voltage  of  the  ac 
power  supply  1  on  the  side  of  the  reactor  2  is 
negative,  the  current  path  in  the  cutoff  (OFF)  state 
of  the  transistor  12  is  established  to  pass  through 
the  ac  power  supply  1,  the  diode  bridge  6,  the 

40  diode  13,  the  capacitor  9,  the  diode  bridge  5,  and 
the  reactor  2,  and  return  to  the  ac  power  supply  1  . 

The  switching  operation  of  the  transistor  12  is 
repeated  for  each  positive  or  negative  half-wave  of 
the  voltage  of  the  ac  power-supply  1.  Thus,  it  is 

45  possible  to  provide  operating  waveform  diagrams 
of  the  source  voltage,  the  ac  input  current,  and  the 
transistor  12. 

That  is,  in  Fig.  4,  the  ac  input  current  ls2  can 
serve  as  the  input  current  with  the  reactor  2  as  the 

50  load  during  the  transistor  12  is  ON,  and  increases 
for  a  time  period  when  the  transistor  12  is  ON. 
Further,  accumulated  energy  in  the  reactor  2  is 
discharged  concurrently  with  the  OFF  state  of  the 
transistor  12,  resulting  in  a  damped  conducting 

55  condition.  Therefore,  it  is  possible  to  combine  ac 
input  current  ls1  (shown  in  Fig.  2(b))  with  the  input 
current  ls2  of  the  conventional  choke-input  type  of 
dc  power-supply  unit  into  combined  ac  input  cur- 
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rent  ls3  as  shown  in  Fig.  4. 
The  ac  input  current  ls3  is  applied  over  an 

entire  period  including  time  periods  T1,  T2,  and  T3 
as  shown  in  Fig.  4.  Consequently,  a  power  factor 
between  the  ac  input  current  ls3  and  the  source 
voltage  Vs  can  be  improved  greater  than  that  be- 
tween  the  source  voltage  Vs  and  the  input  current 
ls1  of  the  conventional  choke-input  type  of  dc  pow- 
er-supply  unit. 

In  addition,  Fig.  6  is  a  circuit  diagram  in  which 
the  reactor  2  of  Fig.  1  is  connected  to  the  dc  side 
of  the  rectifier  circuit  3.  Since  an  operation  of  each 
component  part  in  this  circuit  diagram  is  substan- 
tially  identical  with  that  in  case  of  Fig.  1,  it  is 
possible  to  provide  its  operating  waveform  diagram 
as  shown  in  Fig.  5. 

The  conventional  choke-input  type  of  dc  pow- 
er-supply  unit  is  constructed  as  set  forth  above. 
Accordingly,  residual  voltage  serving  as  dc  voltage 
is  left  in  the  capacitor  9  of  the  smoothing  circuit  8 
so  that  the  charging  current  can  flow  only  during 
the  source  voltage  exceeds  the  residual  voltage, 
that  is,  only  during  the  source  voltage  is  in  a 
vicinity  of  its  peak.  As  a  result,  there  are  problems, 
for  example,  in  that  a  large  higher  harmonic  com- 
ponent  (in  particular,  the  higher  harmonic  compo- 
nent  of  odd-numbered  order  such  as  third  order, 
fifth  order,  seventh  order,  or  eleventh  order)  is 
generated  in  the  input  current,  and  the  power  factor 
is  reduced. 

Further,  the  conventional  dc  power-supply  unit 
having  the  enhanced  power  factor  is  constructed  as 
set  forth  above.  Therefore,  it  is  possible  to  improve 
the  power  factor  in  the  dc  power-supply  unit  great- 
er  than  that  in  the  choke-input  type  of  dc  power- 
supply  unit.  However,  there  is  a  problem  in  that  the 
dc  power-supply  unit  is  not  particularly  useful  for 
the  best  effect  of  power  factor  improvement  since 
the  transistor  12  is  conducting  for  a  constant  period 
exclusively  (i.e.,  immediately  after  the  source  volt- 
age  passes  through  the  zero  point).  In  addition,  as 
understood  from  the  operating  waveforms  shown  in 
Fig.  5,  the  energy  accumulated  in  the  reactor  2 
excessively  increases  during  the  transistor  12  is 
conducting  so  that  no  input  current  can  not  flow  for 
the  period  T3  when  magnitude  of  the  load  is  var- 
ied.  As  a  result,  there  are  some  problems  in  that 
the  power  factor  is  reduced,  the  higher  harmonic 
component  of  the  input  current  increases  disad- 
vantageous^,  and  the  energy  excessively  accu- 
mulated  in  the  reactor  2  causes  the  voltage  of  the 
smoothing  capacitor  9  to  increase,  resulting  in  de- 
struction  of  devices  connected  to  the  load  10  due 
to  the  overvoltage. 

SUMMARY  OF  THE  INVENTION 

In  view  of  the  foregoing,  it  is  an  object  of  the 
present  invention  to  provide  a  dc  power-supply  unit 

5  which  can  reduce  a  higher  harmonic  component  of 
input  current,  and  optimally  improve  a  power  factor. 

It  is  another  object  of  the  present  invention  to 
provide  a  dc  power-supply  unit  which  can  optimally 
improve  a  power  factor  even  if  magnitude  of  load  is 

io  varied. 
It  is  a  further  object  of  the  present  invention  to 

provide  a  dc  power-supply  unit  which  can  improve 
a  power  factor  more  accurately. 

According  to  the  first  aspect  of  the  present 
is  invention,  for  achieving  the  above-mentioned  ob- 

jects,  there  is  provided  a  dc  power-supply  unit  to, 
when  ac  voltage  of  an  ac  power  supply  passes 
through  a  zero  point,  close  switching  means  after  a 
preset  first  delay  time  from  the  passing  through 

20  time,  and  open  the  switching  means  after  a  preset 
second  delay  time  from  the  passing  through  time. 

Consequently,  the  dc  power-supply  unit  ac- 
cording  to  the  first  aspect  of  the  present  invention 
is  provided  with  switch  controlling  means  for,  when 

25  the  ac  voltage  of  the  ac  power  supply  passes 
through  the  zero  point,  closing  the  switching  means 
after  the  preset  first  delay  time  from  the  passing 
through  time,  and  opening  the  switching  means 
after  the  preset  second  delay  time  from  the  pass- 

30  ing  through  time.  As  a  result,  charging  current  can 
flow  even  if  voltage  of  the  ac  power-supply  is  lower 
than  capacitor  voltage  of  smoothing  means. 

According  to  the  second  aspect  of  the  present 
invention,  there  is  provided  a  dc  power-supply  unit 

35  to,  when  ac  voltage  of  an  ac  power  supply  passes 
through  a  zero  point,  close  switching  means  after  a 
preset  delay  time  from  the  passing  through  time, 
and  open  the  switching  means  after  a  predeter- 
mined  time  period  from  the  closing  time. 

40  Consequently,  the  dc  power-supply  unit  ac- 
cording  to  the  second  aspect  of  the  present  inven- 
tion  is  provided  with  switch  controlling  means  for, 
when  the  ac  voltage  of  the  ac  power  supply  passes 
through  the  zero  point,  closing  the  switching  means 

45  after  the  preset  delay  time  from  the  passing 
through  time,  and  opening  the  switching  means 
after  the  preset  time  period  from  the  closing  time. 
As  a  result,  charging  current  can  flow  even  if  volt- 
age  of  the  ac  power-supply  is  lower  than  capacitor 

50  voltage  of  smoothing  means. 
According  to  the  third  aspect  of  the  present 

invention,  there  is  provided  a  dc  power-supply  unit 
to,  when  ac  voltage  of  an  ac  power  supply  passes 
through  a  zero  point,  close  switching  means  after  a 

55  preset  delay  time  from  the  passing  through  time, 
and  open  the  switching  means  when  a  value  of 
short-circuit  current  becomes  a  predetermined  val- 
ue  after  the  closing  operation. 

4 
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Consequently,  the  dc  power-supply  unit  ac- 
cording  to  the  third  aspect  of  the  present  invention 
is  provided  with  switch  controlling  means  for,  when 
the  ac  voltage  of  the  ac  power  supply  passes 
through  the  zero  point,  closing  the  switching  means 
after  the  preset  delay  time  from  the  passing 
through  time,  and  opening  the  switching  means 
when  the  value  of  the  short-circuit  current  becomes 
the  predetermined  value  after  the  closing  operation. 
As  a  result,  charging  current  can  flow  even  if  volt- 
age  of  the  ac  power-supply  is  lower  than  capacitor 
voltage  of  smoothing  means. 

According  to  the  fourth  aspect  of  the  present 
invention,  there  is  provided  a  dc  power-supply  unit 
to,  when  ac  voltage  of  an  ac  power  supply  passes 
through  a  zero  point,  select  a  first  delay  time  or  a 
second  delay  time  depending  upon  results  of  de- 
tection  of  load  condition  detecting  means  so  as  to 
close  switching  means  after  the  selected  delay 
time  from  the  passing  through  time,  and  open  the 
switching  means  after  a  third  delay  time  from  the 
passing  through  time. 

Consequently,  the  dc  power-supply  unit  ac- 
cording  to  the  fourth  aspect  of  the  present  inven- 
tion  is  provided  with  switch  controlling  means  for, 
when  the  ac  voltage  of  the  ac  power  supply  passes 
through  the  zero  point,  selecting  the  first  delay  time 
or  the  second  delay  time  depending  upon  the 
results  of  detection  of  the  load  condition  detecting 
means  so  as  to  close  the  switching  means  after  the 
selected  delay  time  from  the  passing  through  time, 
and  open  the  switching  means  after  the  third  delay 
time  from  the  passing  through  time.  As  a  result, 
charging  current  can  flow  according  to  magnitude 
of  the  load  even  if  voltage  of  the  ac  power-supply 
is  lower  than  capacitor  voltage  of  smoothing 
means. 

According  to  the  fifth  aspect  of  the  present 
invention,  there  is  provided  a  dc  power-supply  unit 
to,  when  ac  voltage  of  an  ac  power  supply  passes 
through  a  zero  point,  select  a  first  delay  time  or  a 
second  delay  time  depending  upon  results  of  de- 
tection  of  load  condition  detecting  means  so  as  to 
close  switching  means  after  the  selected  delay 
time  from  the  passing  through  time,  and  open  the 
switching  means  after  a  predetermined  time  from 
the  closing  time. 

Consequently,  the  dc  power-supply  unit  ac- 
cording  to  the  fifth  aspect  of  the  present  invention 
is  provided  with  switch  controlling  means  for,  when 
the  ac  voltage  of  the  ac  power  supply  passes 
through  the  zero  point,  selecting  the  first  delay  time 
or  the  second  delay  time  depending  upon  the 
results  of  detection  of  the  load  condition  detecting 
means  so  as  to  close  the  switching  means  after  the 
selected  delay  time  from  the  passing  through  time, 
and  open  the  switching  means  after  the  predeter- 
mined  time  from  the  closing  time.  As  a  result, 

charging  current  can  flow  according  to  magnitude 
of  the  load  even  if  voltage  of  the  ac  power-supply 
is  lower  than  capacitor  voltage  of  smoothing 
means. 

5  According  to  the  sixth  aspect  of  the  present 
invention,  there  is  provided  a  dc  power-supply  unit 
to,  when  ac  voltage  of  an  ac  power  supply  passes 
through  a  zero  point,  select  a  first  delay  time  or  a 
second  delay  time  depending  upon  results  of  de- 

io  tection  of  load  condition  detecting  means  so  as  to 
close  switching  means  after  the  selected  delay 
time  from  the  passing  through  time,  and  open  the 
switching  means  when  a  value  of  short-circuit  cur- 
rent  becomes  a  predetermined  value  after  the  clos- 

15  ing  operation. 
Consequently,  the  dc  power-supply  unit  ac- 

cording  to  the  sixth  aspect  of  the  present  invention 
is  provided  with  switch  controlling  means  for,  when 
the  ac  voltage  of  the  ac  power  supply  passes 

20  through  the  zero  point,  selecting  the  first  delay  time 
or  the  second  delay  time  depending  upon  the 
results  of  detection  of  the  load  condition  detecting 
means  so  as  to  close  the  switching  means  after  the 
selected  delay  time  from  the  passing  through  time, 

25  and  open  the  switching  means  when  the  value  of 
short-circuit  current  becomes  the  predetermined 
value  after  the  closing  operation.  As  a  result,  charg- 
ing  current  can  flow  according  to  magnitude  of  the 
load  even  if  voltage  of  the  ac  power-supply  is  lower 

30  than  capacitor  voltage  of  smoothing  means. 
According  to  the  seventh  aspect  of  the  present 

invention,  there  is  provided  a  dc  power-supply  unit 
to,  when  ac  voltage  of  an  ac  power  supply  passes 
through  a  zero  point,  close  switching  means  after  a 

35  first  delay  time  from  the  passing  through  time,  and 
select  a  second  delay  time  or  a  third  delay  time 
depending  upon  results  of  detection  of  load  con- 
dition  detecting  means  so  as  to  open  the  switching 
means  after  the  selected  delay  time  from  the  pass- 

40  ing  through  time. 
Consequently,  the  dc  power-supply  unit  ac- 

cording  to  the  seventh  aspect  of  the  present  inven- 
tion  is  provided  with  switch  controlling  means  for, 
when  the  ac  voltage  of  the  ac  power  supply  passes 

45  through  the  zero  point,  closing  the  switching  means 
after  the  first  delay  time  from  the  passing  through 
time,  and  selecting  the  second  delay  time  or  the 
third  delay  time  depending  upon  the  results  of 
detection  of  the  load  condition  detecting  means  so 

50  as  to  open  the  switching  means  after  the  selected 
delay  time  from  the  passing  through  time.  As  a 
result,  charging  current  can  flow  according  to  mag- 
nitude  of  the  load  even  if  voltage  of  the  ac  power- 
supply  is  lower  than  capacitor  voltage  of  smoothing 

55  means. 
According  to  the  eighth  aspect  of  the  present 

invention,  there  is  provided  a  dc  power-supply  unit 
to,  when  ac  voltage  of  an  ac  power  supply  passes 

5 
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through  a  zero  point,  close  switching  means  after  a 
first  delay  time  from  the  passing  through  time,  and 
select  a  second  delay  time  or  a  third  delay  time 
depending  upon  results  of  detection  of  load  con- 
dition  detecting  means  so  as  to  open  the  switching 
means  after  the  selected  delay  time  from  the  clos- 
ing  time. 

Consequently,  the  dc  power-supply  unit  ac- 
cording  to  the  eighth  aspect  of  the  present  inven- 
tion  is  provided  with  switch  controlling  means  for, 
when  the  ac  voltage  of  the  ac  power  supply  passes 
through  the  zero  point,  closing  the  switching  means 
after  the  first  delay  time  from  the  passing  through 
time,  and  selecting  the  second  delay  time  or  the 
third  delay  time  depending  upon  the  results  of 
detection  of  the  load  condition  detecting  means  so 
as  to  open  the  switching  means  after  the  selected 
delay  time  from  the  closing  time.  As  a  result, 
charging  current  can  flow  according  to  magnitude 
of  the  load  even  if  voltage  of  the  ac  power-supply 
is  lower  than  capacitor  voltage  of  smoothing 
means. 

According  to  the  ninth  aspect  of  the  present 
invention,  there  is  provided  a  dc  power-supply  unit 
to,  when  ac  voltage  of  an  ac  power  supply  passes 
through  a  zero  point,  close  switching  means  after  a 
preset  delay  time  from  the  passing  through  time, 
and  decide  whether  or  not  a  value  of  short-circuit 
current  becomes  a  predetermined  value  preset  ac- 
cording  to  magnitude  of  load  after  the  closing  op- 
eration  depending  upon  load  condition  detecting 
means  so  as  to  open  the  switching  means  in  case 
a  decision  is  made  that  the  short-circuit  current 
becomes  the  predetermined  value. 

Consequently,  the  dc  power-supply  unit  ac- 
cording  to  the  ninth  aspect  of  the  present  invention 
is  provided  with  switch  controlling  means  for,  when 
the  ac  voltage  of  the  ac  power  supply  passes 
through  the  zero  point,  closing  the  switching  means 
after  the  preset  delay  time  from  the  passing 
through  time,  and  deciding  whether  or  not  the 
value  of  the  short-circuit  current  becomes  the  pre- 
determined  value  preset  according  to  the  mag- 
nitude  of  load  after  the  closing  operation  depending 
upon  the  load  condition  detecting  means  so  as  to 
open  the  switching  means  in  case  the  decision  is 
made  that  the  short-circuit  current  becomes  the 
predetermined  value.  As  a  result,  charging  current 
can  flow  according  to  the  magnitude  of  the  load 
even  if  voltage  of  the  ac  power-supply  is  lower  than 
capacitor  voltage  of  smoothing  means. 

According  to  the  tenth  aspect  of  the  present 
invention,  there  is  provided  a  dc  power-supply  unit 
to,  when  ac  voltage  of  an  ac  power  supply  passes 
through  a  zero  point,  select  a  first  delay  time  or  a 
second  delay  time  depending  upon  results  of  de- 
tection  of  load  condition  detecting  means  so  as  to 
close  switching  means  after  the  selected  delay 

time  from  the  passing  through  time,  and  select  a 
third  delay  time  or  a  fourth  delay  time  depending 
upon  the  results  of  detection  of  the  load  condition 
detecting  means  so  as  to  open  the  switching 

5  means  after  the  selected  delay  time  from  the  pass- 
ing  through  time. 

Consequently,  the  dc  power-supply  according 
to  the  tenth  aspect  of  the  present  invention  is 
provided  with  switch  controlling  means  for,  when 

io  the  ac  voltage  of  the  ac  power  supply  passes 
through  the  zero  point,  selecting  the  first  delay  time 
or  the  second  delay  time  depending  upon  the 
results  of  detection  of  the  load  condition  detecting 
means  so  as  to  close  the  switching  means  after  the 

is  selected  delay  time  from  the  passing  through  time, 
and  selecting  the  third  delay  time  or  the  fourth 
delay  time  depending  upon  the  results  of  detection 
of  the  load  condition  detecting  means  so  as  to 
open  the  switching  means  after  the  selected  delay 

20  time  from  the  passing  through  time.  As  a  result, 
charging  current  can  flow  according  to  magnitude 
of  the  load  even  if  voltage  of  the  ac  power-supply 
is  lower  than  capacitor  voltage  of  smoothing 
means. 

25  According  to  the  eleventh  aspect  of  the  present 
invention,  there  is  provided  a  dc  power-supply  unit 
to,  when  ac  voltage  of  an  ac  power  supply  passes 
through  a  zero  point,  select  a  first  delay  time  or  a 
second  delay  time  depending  upon  results  of  de- 

30  tection  of  load  condition  detecting  means  so  as  to 
close  switching  means  after  the  selected  delay 
time  from  the  passing  through  time,  and  select  a 
third  delay  time  or  a  fourth  delay  time  depending 
upon  the  results  of  detection  of  the  load  condition 

35  detecting  means  so  as  to  open  the  switching 
means  after  the  selected  delay  time  from  the  clos- 
ing  operation. 

Consequently,  the  dc  power-supply  according 
to  the  eleventh  aspect  of  the  present  invention  is 

40  provided  with  switch  controlling  means  for,  when 
the  ac  voltage  of  the  ac  power  supply  passes 
through  the  zero  point,  selecting  the  first  delay  time 
or  the  second  delay  time  depending  upon  the 
results  of  detection  of  the  load  condition  detecting 

45  means  so  as  to  close  the  switching  means  after  the 
selected  delay  time  from  the  passing  through  time, 
and  selecting  the  third  delay  time  or  the  fourth 
delay  time  depending  upon  the  results  of  detection 
of  the  load  condition  detecting  means  so  as  to 

50  open  the  switching  means  after  the  selected  delay 
time  from  the  closing  operation.  As  a  result,  charg- 
ing  current  can  flow  according  to  magnitude  of  the 
load  even  if  voltage  of  the  ac  power-supply  is  lower 
than  capacitor  voltage  of  smoothing  means. 

55  According  to  the  twelfth  aspect  of  the  present 
invention,  there  is  provided  a  dc  power-supply  unit 
to,  when  ac  voltage  of  an  ac  power  supply  passes 
through  a  zero  point,  select  a  first  delay  time  or  a 
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second  delay  time  depending  upon  results  of  de- 
tection  of  load  condition  detecting  means  so  as  to 
close  switching  means  after  the  selected  delay 
time  from  the  passing  through  time,  and  decide 
whether  or  not  a  value  of  short-circuit  current  be- 
comes  a  predetermined  value  preset  according  to 
magnitude  of  load  after  the  closing  operation  de- 
pending  upon  load  condition  detecting  means  so 
as  to  open  the  switching  means  in  case  a  decision 
is  made  that  the  short-circuit  current  becomes  the 
predetermined  value. 

Consequently,  the  dc  power-supply  unit  ac- 
cording  to  the  twelfth  aspect  of  the  present  inven- 
tion  is  provided  with  switch  controlling  means  for, 
when  the  ac  voltage  of  the  ac  power  supply  passes 
through  the  zero  point,  selecting  the  first  delay  time 
or  the  second  delay  time  depending  upon  the 
results  of  detection  of  the  load  condition  detecting 
means  so  as  to  close  the  switching  means  after  the 
selected  delay  time  from  the  passing  through  time, 
and  deciding  whether  or  not  the  value  of  the  short- 
circuit  current  becomes  the  predetermined  value 
preset  according  to  the  magnitude  of  load  after  the 
closing  operation  depending  upon  the  load  con- 
dition  detecting  means  so  as  to  open  the  switching 
means  in  case  the  decision  is  made  that  the  short- 
circuit  current  becomes  the  predetermined  value. 
As  a  result,  charging  current  can  flow  according  to 
the  magnitude  of  the  load  even  if  voltage  of  the  ac 
power-supply  is  lower  than  capacitor  voltage  of 
smoothing  means. 

According  to  the  thirteenth  aspect  of  the 
present  invention,  there  is  provided  a  dc  power- 
supply  unit  to  detect  a  power  factor  of  ac  power 
output  from  an  ac  power  supply,  and  compare  the 
power  factor  with  a  predetermined  value  so  as  to 
correct  a  delay  time  which  is  set  in  switch  control- 
ling  means  to  close  switching  means  depending 
upon  results  of  the  comparison. 

Consequently,  the  dc  power-supply  unit  ac- 
cording  to  the  thirteenth  aspect  of  the  present 
invention  is  provided  with  correcting  means  for 
detecting  the  power  factor  of  the  ac  power  output 
from  the  ac  power  supply,  and  comparing  the 
power  factor  with  the  predetermined  value  so  as  to 
correct  the  delay  time  which  is  set  in  the  switch 
controlling  means  to  close  the  switching  means 
depending  upon  results  of  the  comparison.  As  a 
result,  the  power  factor  of  the  ac  power  corre- 
sponds  to  the  predetermined  value. 

According  to  the  fourteenth  aspect  of  the 
present  invention,  there  is  provided  a  dc  power- 
supply  unit  to  detect  a  power  factor  of  ac  power 
output  from  an  ac  power  supply,  and  compare  the 
power  factor  with  a  predetermined  value  so  as  to 
correct  a  second  delay  time  which  is  set  in  switch 
controlling  means  to  open  switching  means  de- 
pending  upon  results  of  the  comparison. 

Consequently,  the  dc  power-supply  unit  ac- 
cording  to  the  fourteenth  aspect  of  the  present 
invention  is  provided  with  correcting  means  for 
detecting  the  power  factor  of  the  ac  power  output 

5  from  the  ac  power  supply,  and  comparing  the 
power  factor  with  the  predetermined  value  so  as  to 
correct  the  second  delay  time  which  is  set  in  the 
switch  controlling  means  to  open  the  switching 
means  depending  upon  results  of  the  comparison. 

io  As  a  result,  the  power  factor  of  the  ac  power 
corresponds  to  the  predetermined  value. 

According  to  the  fifteenth  aspect  of  the  present 
invention,  there  is  provided  a  dc  power-supply  unit 
to  detect  a  relative  harmonic  content  in  ac  power 

is  output  from  an  ac  power  supply,  and  compare  the 
relative  harmonic  content  with  a  predetermined  val- 
ue  so  as  to  correct  a  delay  time  which  is  set  in 
switch  controlling  means  to  close  switching  means 
depending  upon  results  of  the  comparison. 

20  Consequently,  the  dc  power-supply  unit  ac- 
cording  to  the  fifteenth  aspect  of  the  present  inven- 
tion  is  provided  with  correcting  means  for  detecting 
the  relative  harmonic  content  in  the  ac  power  out- 
put  from  the  ac  power  supply,  and  comparing  the 

25  relative  harmonic  content  with  the  predetermined 
value  so  as  to  correct  the  delay  time  which  is  set  in 
the  switch  controlling  means  to  close  the  switching 
means  depending  upon  results  of  the  comparison. 
As  a  result,  the  relative  harmonic  content  in  the  ac 

30  power  corresponds  to  the  predetermined  value. 
According  to  the  sixteenth  aspect  of  the 

present  invention,  there  is  provided  a  dc  power- 
supply  unit  to  detect  a  relative  harmonic  content  in 
ac  power  output  from  an  ac  power  supply,  and 

35  compare  the  relative  harmonic  content  with  a  pre- 
determined  value  so  as  to  correct  a  second  delay 
time  which  is  set  in  switch  controlling  means  to 
open  switching  means  depending  upon  results  of 
the  comparison. 

40  Consequently,  the  dc  power-supply  unit  ac- 
cording  to  the  sixteenth  aspect  of  the  present  in- 
vention  is  provided  with  correcting  means  for  de- 
tecting  the  relative  harmonic  content  in  the  ac 
power  output  from  the  ac  power  supply,  and  com- 

45  paring  the  relative  harmonic  content  with  the  pre- 
determined  value  so  as  to  correct  the  second  delay 
time  which  is  set  in  the  switch  controlling  means  to 
open  the  switching  means  depending  upon  results 
of  the  comparison.  As  a  result,  the  relative  har- 

50  monic  content  in  the  ac  power  corresponds  to  the 
predetermined  value. 

According  to  the  seventeenth  aspect  of  the 
present  invention,  there  is  provided  a  dc  power- 
supply  unit  to  detect  distortion  in  a  waveform  of  an 

55  ac  power  supply,  and  compare  the  distortion  in  the 
waveform  with  a  predetermined  value  so  as  to 
correct  a  delay  time  which  is  set  in  switch  control- 
ling  means  to  close  switching  means  depending 
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upon  results  of  the  comparison. 
Consequently,  the  dc  power-supply  unit  ac- 

cording  to  the  seventeenth  aspect  of  the  present 
invention  is  provided  with  correcting  means  for 
detecting  the  distortion  in  the  waveform  of  the  ac 
power  supply,  and  comparing  the  distortion  in  the 
waveform  with  the  predetermined  value  so  as  to 
correct  the  delay  time  which  is  set  in  the  switch 
controlling  means  to  close  the  switching  means 
depending  upon  results  of  the  comparison.  As  a 
result,  the  distortion  in  the  waveform  of  the  ac 
power  corresponds  to  the  predetermined  value. 

According  to  the  eighteenth  aspect  of  the 
present  invention,  there  is  provided  a  dc  power- 
supply  unit  to  detect  distortion  in  a  waveform  of  an 
ac  power  supply,  and  compare  the  distortion  in  the 
waveform  with  a  predetermined  value  so  as  to 
correct  a  second  delay  time  which  is  set  in  switch 
controlling  means  to  open  switching  means  de- 
pending  upon  results  of  the  comparison. 

Consequently,  the  dc  power-supply  unit  ac- 
cording  to  the  eighteenth  aspect  of  the  present 
invention  is  provided  with  correcting  means  for 
detecting  the  distortion  in  the  waveform  of  the  ac 
power  supply,  and  comparing  the  distortion  in  the 
waveform  with  the  predetermined  value  so  as  to 
correct  the  second  delay  time  which  is  set  in  the 
switch  controlling  means  to  open  the  switching 
means  depending  upon  results  of  the  comparison. 
As  a  result,  the  distortion  in  the  waveform  of  the  ac 
power  corresponds  to  the  predetermined  value. 

According  to  the  nineteenth  aspect  of  the 
present  invention,  there  is  provided  a  dc  power- 
supply  unit  to  detect  a  power  factor  and  a  relative 
harmonic  content  in  ac  power  output  from  an  ac 
power  supply,  and  compare  the  power  factor  with  a 
predetermined  value  so  as  to  correct  a  first  delay 
time  which  is  set  in  switch  controlling  means  to 
close  switching  means  depending  upon  results  of 
the  comparison,  and  so  as  to  correct  a  second 
delay  time  which  is  set  in  the  switch  controlling 
means  to  open  the  switching  means  depending 
upon  results  of  the  comparison. 

Consequently,  the  dc  power-supply  unit  ac- 
cording  to  the  nineteenth  aspect  of  the  present 
invention  is  provided  with  correcting  means  for 
detecting  the  power  factor  and  the  relative  har- 
monic  content  in  the  ac  power  output  from  the  ac 
power  supply,  and  comparing  the  power  factor  with 
the  predetermined  value  so  as  to  correct  the  first 
delay  time  which  is  set  in  the  switch  controlling 
means  to  close  the  switching  means  depending 
upon  results  of  the  comparison,  and  so  as  to  cor- 
rect  the  second  delay  time  which  is  set  in  the 
switch  controlling  means  to  open  the  switching 
means  depending  upon  results  of  the  comparison. 
As  a  result,  the  power  factor  and  the  relative  har- 
monic  content  in  the  ac  power  correspond  to  the 

respective  predetermined  values. 
According  to  the  twentieth  aspect  of  the 

present  invention,  there  is  provided  a  dc  power- 
supply  unit  to  detect  a  power  factor  and  a  relative 

5  harmonic  content  in  ac  power  output  from  an  ac 
power  supply,  and  compare  the  relative  harmonic 
content  with  a  predetermined  value  so  as  to  correct 
a  first  delay  time  which  is  set  in  switch  controlling 
means  to  close  the  switching  means  depending 

io  upon  results  of  the  comparison,  and  so  as  to  cor- 
rect  a  second  delay  time  which  is  set  in  the  switch 
controlling  means  to  open  the  switching  means 
depending  upon  results  of  the  comparison. 

Consequently,  the  dc  power-supply  unit  ac- 
15  cording  to  the  twentieth  aspect  of  the  present  in- 

vention  is  provided  with  correcting  means  for  de- 
tecting  the  power  factor  and  the  relative  harmonic 
content  in  the  ac  power  output  from  the  ac  power 
supply,  and  comparing  the  relative  harmonic  con- 

20  tent  with  the  predetermined  value  so  as  to  correct 
the  first  delay  time  which  is  set  in  the  switch 
controlling  means  to  close  the  switching  means 
depending  upon  results  of  the  comparison,  and  so 
as  to  correct  the  second  delay  time  which  is  set  in 

25  the  switch  controlling  means  to  open  the  switching 
means  depending  upon  results  of  the  comparison. 
As  a  result,  the  power  factor  and  the  relative  har- 
monic  content  in  the  ac  power  correspond  to  the 
respective  predetermined  values. 

30  According  to  the  twenty-first  aspect  of  the 
present  invention,  there  is  provided  a  dc  power- 
supply  unit  to  open  switching  means  when  overvol- 
tage  is  detected  by  overvoltage  detecting  means 
after  the  switching  means  is  closed. 

35  Consequently,  the  dc  power-supply  unit  ac- 
cording  to  the  twenty-first  aspect  of  the  present 
invention  is  provided  with  switch  controlling  means 
for  opening  the  switching  means  when  the  overvol- 
tage  is  detected  by  the  overvoltage  detecting 

40  means  after  the  switching  means  is  closed.  As  a 
result,  charging  current  can  flow  even  if  voltage  of 
an  ac  power  supply  is  lower  than  capacitor  voltage 
of  smoothing  means. 

According  to  the  twenty-second  aspect  of  the 
45  present  invention,  there  is  provided  a  dc  power- 

supply  unit  to  repeatedly  open  and  close  switching 
means  at  predetermined  intervals  until  the  switch- 
ing  means  is  opened  after  the  switching  means  is 
closed. 

50  Consequently,  the  dc  power-supply  unit  ac- 
cording  to  the  twenty-second  aspect  of  the  present 
invention  is  provided  with  switch  controlling  means 
for  repeatedly  opening  and  closing  the  switching 
means  at  predetermined  intervals  until  the  switch- 

55  ing  means  is  opened  after  the  switching  means  is 
closed.  As  a  result,  in  case  voltage  of  an  ac  power 
supply  is  lower  than  capacitor  voltage  of  smoothing 
means,  it  is  possible  to  feed  charging  current  while 
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preventing  excessive  short-circuit  current  from 
flowing. 

According  to  the  twenty-third  aspect  of  the 
present  invention,  there  is  provided  a  dc  power- 
supply  unit  including  switching  means  for  short- 
circuiting  at  least  one  of  a  plurality  of  rectifying 
devices  forming  rectifying  means. 

Consequently,  the  dc  power-supply  unit  ac- 
cording  to  the  twenty-third  aspect  of  the  present 
invention  is  provided  with  the  switching  means  for 
short-circuiting  at  least  one  of  the  plurality  of  rec- 
tifying  devices  forming  the  rectifying  means.  As  a 
result,  charging  current  can  flow  even  if  voltage  of 
an  ac  power  supply  is  lower  than  capacitor  voltage 
of  smoothing  means. 

According  to  the  twenty-fourth  aspect  of  the 
present  invention,  there  is  provided  a  dc  power- 
supply  unit  in  which  an  inductive  element  is  con- 
nected  between  one  terminal  on  the  ac  side  of 
rectifying  means  and  an  ac  power  supply. 

Consequently,  in  the  dc  power-supply  unit  ac- 
cording  to  the  twenty-fourth  aspect  of  the  present 
invention,  the  inductive  element  is  connected  be- 
tween  the  one  terminal  on  the  ac  side  of  the 
rectifying  means  and  the  ac  power  supply.  As  a 
result,  charging  current  can  flow  even  if  voltage  of 
the  ac  power  supply  is  lower  than  capacitor  voltage 
of  smoothing  means  as  in  the  case  of  the  first 
aspect  of  the  present  invention. 

The  above  and  further  objects  and  novel  fea- 
tures  of  the  invention  will  more  fully  appear  from 
the  following  detailed  description  when  the  same  is 
read  in  connection  with  the  accompanying  drawing. 
It  is  to  be  expressly  understood,  however,  that  the 
drawings  are  for  purpose  of  illustration  only  and  are 
not  intended  as  a  definition  of  the  limits  of  the 
invention. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  circuit  diagram  showing  a  conven- 
tional  choke-input  type  of  dc  power-supply  unit; 
Fig.  2  is  an  operating  waveform  diagram  show- 
ing  an  operating  waveform  in  each  part; 
Fig.  3  is  a  circuit  diagram  showing  a  conven- 
tional  dc  power-supply  unit  having  an  enhanced 
power  factor; 
Fig.  4  is  an  operating  waveform  diagram  show- 
ing  the  operating  waveform  in  each  part; 
Fig.  5  is  an  operating  waveform  diagram  show- 
ing  the  operating  waveform  in  each  part; 
Fig.  6  is  a  circuit  diagram  showing  the  conven- 
tional  choke-input  type  of  dc  power-supply  unit; 
Fig.  7  is  a  circuit  diagram  showing  one  embodi- 
ment  of  a  dc  power-supply  unit  according  to  the 
first  aspect  of  the  present  invention; 
Fig.  8  is  an  operating  waveform  diagram  show- 
ing  the  operating  waveform  in  each  part; 

Fig.  9  is  a  graph  diagram  showing  a  relation 
between  OFF  timing  and  a  power  factor,  and  a 
higher  harmonic  component; 
Fig.  10  is  a  contour  map  of  the  power  factor  with 

5  respect  to  a  delay  time  and  a  conducting  time; 
Fig.  11  is  a  detailed  circuit  diagram  showing  an 
ON  timing  generating  circuit  and  an  OFF  timing 
generating  circuit; 
Fig.  12  is  a  detailed  circuit  diagram  showing  the 

io  ON  timing  generating  circuit  and  the  OFF  timing 
generating  circuit; 
Fig.  13  is  an  operating  waveform  diagram  show- 
ing  the  operating  waveform  in  each  part; 
Fig.  14  is  a  circuit  diagram  showing  another 

is  embodiment  of  the  dc  power-supply  unit  accord- 
ing  to  the  first  aspect  of  the  present  invention; 
Fig.  15  is  a  circuit  diagram  showing  another 
embodiment  of  the  dc  power-supply  unit  accord- 
ing  to  the  first  aspect  of  the  present  invention; 

20  Fig.  16  is  a  circuit  diagram  showing  another 
embodiment  of  the  dc  power-supply  unit  accord- 
ing  to  the  first  aspect  of  the  present  invention; 
Fig.  17  is  a  circuit  diagram  showing  another 
embodiment  of  the  dc  power-supply  unit  accord- 

25  ing  to  the  first  aspect  of  the  present  invention; 
Fig.  18  is  a  circuit  diagram  showing  one  em- 
bodiment  of  the  dc  power-supply  unit  according 
to  the  second  aspect  of  the  present  invention; 
Fig.  19  is  a  graph  diagram  showing  a  relation 

30  between  the  OFF  timing  and  the  power  factor, 
and  the  higher  harmonic  component; 
Fig.  20  is  a  detailed  circuit  diagram  showing  the 
ON  timing  generating  circuit  and  an  ON  period 
setting  circuit; 

35  Fig.  21  is  a  circuit  diagram  showing  another 
embodiment  of  the  dc  power-supply  unit  accord- 
ing  to  the  second  aspect  of  the  present  inven- 
tion; 
Fig.  22  is  a  circuit  diagram  showing  another 

40  embodiment  of  the  dc  power-supply  unit  accord- 
ing  to  the  second  aspect  of  the  present  inven- 
tion; 
Fig.  23  is  an  operating  waveform  diagram  show- 
ing  the  operating  waveform  in  each  part; 

45  Fig.  24  is  a  circuit  diagram  showing  one  em- 
bodiment  of  the  dc  power-supply  unit  according 
to  the  third  aspect  of  the  present  invention; 
Fig.  25  is  a  graph  diagram  showing  a  relation 
between  a  short-circuit  current  level,  and  the 

50  power  factor  and  the  higher  harmonic  compo- 
nent; 
Fig.  26  is  a  detailed  circuit  diagram  showing  the 
ON  timing  generating  circuit  and  a  short-circuit 
current  detecting  circuit; 

55  Fig.  27  is  a  circuit  diagram  showing  another 
embodiment  of  the  dc  power-supply  unit  accord- 
ing  to  the  third  aspect  of  the  present  invention; 
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Fig.  28  is  an  operating  waveform  diagram  show- 
ing  the  operating  waveform  in  each  part; 
Fig.  29  is  a  circuit  diagram  showing  one  em- 
bodiment  of  the  dc  power-supply  unit  according 
to  the  fourth  aspect  of  the  present  invention; 
Fig.  30  is  an  operating  waveform  diagram  show- 
ing  the  operating  waveform  in  each  part; 
Fig.  31  is  a  graph  diagram  showing  a  relation 
between  load  and  ON  timing; 
Fig.  32  is  a  circuit  diagram  showing  one  em- 
bodiment  of  the  dc  power-supply  unit  according 
to  the  fifth  aspect  of  the  present  invention; 
Fig.  33  is  an  operating  waveform  diagram  show- 
ing  the  operating  waveform  in  each  part; 
Fig.  34  is  a  graph  diagram  showing  the  relation 
between  the  load  and  the  ON  timing; 
Fig.  35  is  a  circuit  diagram  showing  another 
embodiment  of  the  dc  power-supply  unit  accord- 
ing  to  the  fifth  aspect  of  the  present  invention; 
Fig.  36  is  an  operating  waveform  diagram  show- 
ing  the  operating  waveform  in  each  part; 
Fig.  37  is  a  circuit  diagram  showing  one  em- 
bodiment  of  the  dc  power-supply  unit  according 
to  the  sixth  aspect  of  the  present  invention; 
Fig.  38  is  an  operating  waveform  diagram  show- 
ing  the  operating  waveform  in  each  part; 
Fig.  39  is  a  graph  diagram  showing  the  relation 
between  the  load  and  the  ON  timing; 
Fig.  40  is  a  circuit  diagram  showing  another 
embodiment  of  the  dc  power-supply  unit  accord- 
ing  to  the  sixth  aspect  of  the  present  invention; 
Fig.  41  is  an  operating  waveform  diagram  show- 
ing  the  operating  waveform  in  each  part; 
Fig.  42  is  a  circuit  diagram  showing  one  em- 
bodiment  of  the  dc  power-supply  unit  according 
to  the  seventh  aspect  of  the  present  invention; 
Fig.  43  is  an  operating  waveform  diagram  show- 
ing  the  operating  waveform  in  each  part; 
Fig.  44  is  a  graph  diagram  showing  the  relation 
between  the  load  and  the  ON  timing; 
Fig.  45  is  a  circuit  diagram  showing  another 
embodiment  of  the  dc  power-supply  unit  accord- 
ing  to  the  seventh  aspect  of  the  present  inven- 
tion; 
Fig.  46  is  an  operating  waveform  diagram  show- 
ing  the  operating  waveform  in  each  part; 
Fig.  47  is  a  circuit  diagram  showing  another 
embodiment  of  the  dc  power-supply  unit  accord- 
ing  to  the  seventh  aspect  of  the  present  inven- 
tion; 
Fig.  48  is  an  operating  waveform  diagram  show- 
ing  the  operating  waveform  in  each  part; 
Fig.  49  is  a  circuit  diagram  showing  one  em- 
bodiment  of  the  dc  power-supply  unit  according 
to  the  eighth  aspect  of  the  present  invention; 
Fig.  50  is  an  operating  waveform  diagram  show- 
ing  the  operating  waveform  in  each  part; 

Fig.  51  is  a  graph  diagram  showing  the  relation 
between  the  load  and  the  ON  timing; 
Fig.  52  is  a  circuit  diagram  showing  another 
embodiment  of  the  dc  power-supply  unit  accord- 

5  ing  to  the  eighth  aspect  of  the  present  invention; 
Fig.  53  is  an  operating  waveform  diagram  show- 
ing  the  operating  waveform  in  each  part; 
Fig.  54  is  a  circuit  diagram  showing  one  em- 
bodiment  of  the  dc  power-supply  unit  according 

io  to  the  ninth  aspect  of  the  present  invention; 
Fig.  55  is  an  operating  waveform  diagram  show- 
ing  the  operating  waveform  in  each  part; 
Fig.  56  is  a  graph  diagram  showing  the  relation 
between  the  load  and  the  ON  timing; 

is  Fig.  57  is  a  circuit  diagram  showing  one  em- 
bodiment  of  the  dc  power-supply  unit  according 
to  the  tenth  aspect  of  the  present  invention; 
Fig.  58  is  an  operating  waveform  diagram  show- 
ing  the  operating  waveform  in  each  part; 

20  Fig.  59  is  a  circuit  diagram  showing  one  em- 
bodiment  of  the  dc  power-supply  unit  according 
to  the  eleventh  aspect  of  the  present  invention; 
Fig.  60  is  a  circuit  diagram  showing  one  em- 
bodiment  of  the  dc  power-supply  unit  according 

25  to  the  twelfth  aspect  of  the  present  invention; 
Fig.  61  is  a  circuit  diagram  showing  another 
embodiment  of  the  dc  power-supply  unit  accord- 
ing  to  the  twelfth  aspect  of  the  present  invention; 
Fig.  62  is  an  operating  waveform  diagram  show- 

30  ing  the  operating  waveform  in  each  part; 
Fig.  63  is  a  circuit  diagram  showing  one  em- 
bodiment  of  the  dc  power-supply  unit  according 
to  the  thirteenth  and  the  fourteenth  aspects  of 
the  present  invention; 

35  Fig.  64  is  an  operating  waveform  diagram  show- 
ing  the  operating  waveform  in  each  part; 
Fig.  65  is  a  circuit  diagram  showing  one  em- 
bodiment  of  the  dc  power-supply  unit  according 
to  the  fifteenth  and  the  sixteenth  aspects  of  the 

40  present  invention; 
Fig.  66  is  an  operating  waveform  diagram  show- 
ing  the  operating  waveform  in  each  part; 
Fig.  67  is  a  circuit  diagram  showing  one  em- 
bodiment  of  the  dc  power-supply  unit  according 

45  to  the  seventeenth  and  the  eighteenth  aspects 
of  the  present  invention; 
Fig.  68  is  an  operating  waveform  diagram  show- 
ing  the  operating  waveform  in  each  part; 
Fig.  69  is  a  circuit  diagram  showing  one  em- 

50  bodiment  of  the  dc  power-supply  unit  according 
to  the  nineteenth  and  the  twentieth  aspects  of 
the  present  invention; 
Fig.  70  is  a  circuit  diagram  showing  another 
embodiment  of  the  dc  power-supply  unit  accord- 

55  ing  to  the  nineteenth  and  the  twentieth  aspects 
of  the  present  invention; 
Fig.  71  is  a  circuit  diagram  showing  one  em- 
bodiment  of  the  dc  power-supply  unit  according 
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to  the  twenty-first  aspect  of  the  present  inven- 
tion; 
Fig.  72  is  an  operating  waveform  diagram  show- 
ing  the  operating  waveform  in  each  part; 
Fig.  73  is  a  circuit  diagram  showing  another 
embodiment  of  the  dc  power-supply  unit  accord- 
ing  to  the  twenty-first  aspect  of  the  present 
invention; 
Fig.  74  is  an  operating  waveform  diagram  show- 
ing  the  operating  waveform  in  each  part; 
Fig.  75  is  a  circuit  diagram  showing  one  em- 
bodiment  of  the  dc  power-supply  unit  according 
to  the  twenty-second  aspect  of  the  present  in- 
vention; 
Fig.  76  is  an  operating  waveform  diagram  show- 
ing  the  operating  waveform  in  each  part; 
Fig.  77  is  a  circuit  diagram  showing  another 
embodiment  of  the  dc  power-supply  unit  accord- 
ing  to  the  twenty-second  aspect  of  the  present 
invention; 
Fig.  78  is  an  operating  waveform  diagram  show- 
ing  the  operating  waveform  in  each  part; 
Fig.  79  is  a  circuit  diagram  showing  another 
embodiment  of  the  dc  power-supply  unit  accord- 
ing  to  the  twenty-second  aspect  of  the  present 
invention; 
Fig.  80  is  an  operating  waveform  diagram  show- 
ing  the  operating  waveform  in  each  part; 
Fig.  81  is  a  circuit  diagram  showing  another 
embodiment  of  the  dc  power-supply  unit  accord- 
ing  to  the  twenty-second  aspect  of  the  present 
invention; 
Fig.  82  is  an  operating  waveform  diagram  show- 
ing  the  operating  waveform  in  each  part; 
Fig.  83  is  a  circuit  diagram  showing  another 
embodiment  of  the  dc  power-supply  unit  accord- 
ing  to  the  first  aspect  of  the  present  invention; 
Fig.  84  is  a  circuit  diagram  showing  one  em- 
bodiment  of  the  dc  power-supply  unit  according 
to  the  twenty-third  aspect  of  the  present  inven- 
tion; 
Fig.  85  is  a  circuit  diagram  showing  another 
embodiment  of  the  dc  power-supply  unit  accord- 
ing  to  the  twenty-third  aspect  of  the  present 
invention; 
Fig.  86  is  a  circuit  diagram  showing  another 
embodiment  of  the  dc  power-supply  unit  accord- 
ing  to  the  twenty-third  aspect  of  the  present 
invention; 
Fig.  87  is  a  circuit  diagram  showing  another 
embodiment  of  the  dc  power-supply  unit  accord- 
ing  to  the  twenty-third  aspect  of  the  present 
invention; 
Fig.  88  is  an  operating  waveform  diagram  show- 
ing  the  operating  waveform  in  each  part; 
Fig.  89  is  a  graph  diagram  showing  a  relation 
between  OFF  signal  output  timing,  and  a  power 
factor  and  a  higher  harmonic  component; 

Fig.  90  is  a  contour  map  of  the  power  factor  with 
respect  to  the  delay  time  and  the  conducting 
time; 
Fig.  91  is  a  circuit  diagram  showing  another 

5  embodiment  of  the  dc  power-supply  unit  accord- 
ing  to  the  twenty-third  aspect  of  the  present 
invention; 
Fig.  92  is  a  circuit  diagram  showing  another 
embodiment  of  the  dc  power-supply  unit  accord- 

io  ing  to  the  twenty-third  aspect  of  the  present 
invention; 
Fig.  93  is  a  circuit  diagram  showing  another 
embodiment  of  the  dc  power-supply  unit  accord- 
ing  to  the  twenty-third  aspect  of  the  present 

is  invention; 
Fig.  94  is  a  circuit  diagram  showing  another 
embodiment  of  the  dc  power-supply  unit  accord- 
ing  to  the  twenty-third  aspect  of  the  present 
invention; 

20  Fig.  95  is  an  operating  waveform  diagram  show- 
ing  the  operating  waveform  in  each  part; 
Fig.  96  is  a  graph  diagram  showing  the  relation 
between  the  load  and  the  ON  timing; 
Fig.  97  is  a  circuit  diagram  showing  another 

25  embodiment  of  the  dc  power-supply  unit  accord- 
ing  to  the  twenty-third  aspect  of  the  present 
invention; 
Fig.  98  is  a  graph  diagram  showing  a  relation 
between  an  ON  period,  and  the  power  factor 

30  and  the  higher  harmonic  component; 
Fig.  99  is  a  circuit  diagram  showing  another 
embodiment  of  the  dc  power-supply  unit  accord- 
ing  to  the  twenty-third  aspect  of  the  present 
invention; 

35  Fig.  100  is  an  operating  waveform  diagram 
showing  the  operating  waveform  in  each  part; 
Fig.  101  is  a  graph  diagram  showing  the  relation 
between  the  load  and  the  ON  timing; 
Fig.  102  is  a  circuit  diagram  showing  another 

40  embodiment  of  the  dc  power-supply  unit  accord- 
ing  to  the  twenty-third  aspect  of  the  present 
invention; 
Fig.  103  is  a  graph  diagram  showing  a  relation 
between  the  short-circuit  current  level,  and  the 

45  power  factor  and  the  higher  harmonic  compo- 
nent; 
Fig.  104  is  a  circuit  diagram  showing  another 
embodiment  of  the  dc  power-supply  unit  accord- 
ing  to  the  twenty-third  aspect  of  the  present 

50  invention; 
Fig.  105  is  an  operating  waveform  diagram 
showing  the  operating  waveform  in  each  part; 
Fig.  106  is  a  graph  diagram  showing  a  relation 
between  the  load  and  the  short-circuit  current 

55  level; 
Fig.  107  is  a  circuit  diagram  showing  another 
embodiment  of  the  dc  power-supply  unit  accord- 
ing  to  the  twenty-third  aspect  of  the  present 
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invention; 
Fig.  108  is  an  operating  waveform  diagram 
showing  the  operating  waveform  in  each  part; 
Fig.  109  is  a  graph  diagram  showing  the  relation 
between  the  load  and  the  ON  timing; 
Fig.  110  is  a  circuit  diagram  showing  another 
embodiment  of  the  dc  power-supply  unit  accord- 
ing  to  the  twenty-third  aspect  of  the  present 
invention; 
Fig.  111  is  an  operating  waveform  diagram 
showing  the  operating  waveform  in  each  part; 
Fig.  112  is  a  circuit  diagram  showing  another 
embodiment  of  the  dc  power-supply  unit  accord- 
ing  to  the  twenty-third  aspect  of  the  present 
invention; 
Fig.  113  is  an  operating  waveform  diagram 
showing  the  operating  waveform  in  each  part; 
Fig.  114  is  a  graph  diagram  showing  the  relation 
between  the  load  and  the  ON  timing; 
Fig.  115  is  a  circuit  diagram  showing  another 
embodiment  of  the  dc  power-supply  unit  accord- 
ing  to  the  twenty-third  aspect  of  the  present 
invention; 
Fig.  116  is  a  circuit  diagram  showing  another 
embodiment  of  the  dc  power-supply  unit  accord- 
ing  to  the  twenty-third  aspect  of  the  present 
invention; 
Fig.  117  is  an  operating  waveform  diagram 
showing  the  operating  waveform  in  each  part; 
Fig.  118  is  a  graph  diagram  showing  the  relation 
between  the  load  and  the  ON  timing; 
Fig.  119  is  a  circuit  diagram  showing  another 
embodiment  of  the  dc  power-supply  unit  accord- 
ing  to  the  twenty-third  aspect  of  the  present 
invention; 
Fig.  120  is  a  circuit  diagram  in  case  a  micropro- 
cessor  is  employed; 
Fig.  121  is  a  flowchart  of  a  program  operating  in 
the  microprocessor; 
Fig.  122  is  a  circuit  diagram  showing  another 
embodiment  in  case  the  microprocessor  is  em- 
ployed;  and 
Fig.  123  is  a  flowchart  showing  the  operation  of 
the  embodiment  shown  in  Fig.  122. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

Preferred  embodiments  of  the  invention  will 
now  be  described  in  detail  referring  to  the  accom- 
panying  drawings. 

Embodiment  1 

Fig.  7  is  a  circuit  diagram  showing  one  em- 
bodiment  of  a  dc  power-supply  unit  according  to 
the  first  aspect  of  the  present  invention.  In  Fig.  7, 
the  same  reference  numerals  are  used  for  compo- 

nent  parts  identical  with  or  equivalent  to  those  of  a 
dc  power-supply  unit  in  the  prior  art,  and  descrip- 
tions  thereof  are  omitted. 

In  Fig.  7,  reference  numeral  21  means  a  switch 
5  (switching  means)  connected  between  the  other 

end  of  the  reactor  (inductive  element)  2  and  the 
other  terminal  on  the  dc  side  of  the  rectifier  circuit 
(rectifying  means)  3  to  perform  a  switching  opera- 
tion,  and  22  means  a  switch  controlling  circuit 

io  (switch  controlling  means)  in  which  first  and  second 
delay  times  are  set  so  as  to,  when  ac  voltage  of 
the  ac  power  supply  1  passes  through  a  zero  point, 
close  the  switch  21  after  the  first  delay  time  Td 
from  the  passing  through  time,  and  open  the  switch 

is  21  after  the  second  delay  time  from  the  passing 
through  time.  Further,  reference  numeral  23  means 
an  ON  timing  generating  circuit  to  generate  an  ON 
signal  after  the  first  delay  time  Td  from  the  time 
when  the  ac  voltage  of  the  ac  power  supply  1 

20  passes  through  the  zero  point,  24  means  an  OFF 
timing  generating  circuit  to  generate  an  OFF  signal 
after  the  second  delay  time  from  the  time  when  the 
ac  voltage  of  the  ac  power  supply  1  passes 
through  the  zero  point,  25  is  a  switch  driving  circuit 

25  to  drive  the  switch  21  in  response  to  output  signals 
from  the  ON  timing  generating  circuit  23  and  the 
OFF  timing  generating  circuit  24,  and  26  is  a  dc 
power-supply  unit. 

A  description  will  now  be  given  of  the  opera- 
30  tion.  In  case  the  ON  signal  is  output  from  the  ON 

timing  generating  circuit  23  through  the  switch  driv- 
ing  circuit  25  in  synchronization  with  the  source 
voltage  of  the  ac  power  supply  1  ,  the  switch  21  is 
closed  so  that  the  ac  power  supply  1  is  short- 

35  circuited  through  the  reactor  2  and  the  diode  brid- 
ges  4,  7  (or  the  diode  bridges  5,  6)  to  conduct 
current,  and  the  current  gradually  increases.  Sub- 
sequently,  in  case  the  OFF  signal  is  output  from 
the  OFF  timing  generating  circuit  24  through  the 

40  switch  driving  circuit  25  in  synchronization  with  the 
source  voltage,  the  switch  21  is  opened  so  that  the 
short-circuit  current  which  has  been  flowing  in  the 
reactor  2  passes  through  the  diode  13  to  become 
charging  current  in  the  capacitor  9  of  the  smooth- 

45  ing  circuit  (smoothing  means)  8,  and  starts  to  de- 
crease.  Thereafter,  when  the  source  voltage  of  the 
ac  power  supply  1  is  in  the  vicinity  of  peak  voltage, 
the  diode  bridges  4,  7  (or  the  diode  bridges  5,  6) 
cause  the  charging  current  in  the  capacitor  9  to 

50  flow  through  the  reactor  2  and  the  diode  13  as  in 
the  case  of  the  conventional  dc  power-supply  unit 
as  described  before. 

Each  operating  waveform  in  each  part  at  this 
time  is  shown  in  Fig.  8.  In  Fig.  8,  (a)  shows  a 

55  source  voltage  waveform  of  the  ac  power  supply  1  , 
(b)  shows  the  output  signal  from  the  ON  timing 
generating  circuit  23,  (c)  shows  the  output  signal 
from  the  OFF  timing  generating  circuit  24,  (d) 
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shows  an  output  signal  from  the  switch  driving 
circuit  25,  and  (e)  shows  input  current  of  the  dc 
power-supply  unit  26. 

Fig.  9  is  a  diagram  showing  relations  between 
the  OFF  signal  output  timing  of  the  OFF  timing 
generating  circuit  24,  and  a  power  factor  and  a 
higher  harmonic  component  of  the  input  current  of 
the  dc  power-supply  unit  26  in  case  the  ON  signal 
for  the  switch  21  is  generated  from  the  ON  timing 
generating  circuit  23  at  a  certain  time  point  in 
synchronization  with  the  source  voltage  of  the  ac 
power  supply  1  (for  example,  after  a  time  Td  from  a 
zero  crossing  point  of  the  source  voltage)  under  a 
constant  load.  In  Fig.  9,  the  transverse  axis  repre- 
sents  a  ratio  of  the  OFF  signal  output  timing  t0ft  to 
a  power  supply  period  T0  on  the  basis  of  the  zero 
crossing  point  of  the  source  voltage.  In  this  case, 
as  seen  from  the  drawing,  it  is  possible  to  provide 
the  overall  optimal  operating  point  in  view  of  the 
power  factor  and  a  current  higher  harmonic  char- 
acteristic  by  setting  the  OFF  signal  output  timing  to 
a  value  of  approximately  0.1.  Thus,  if  the  ON  signal 
output  timing  is  determined,  it  is  possible  to  set  the 
optimal  value  as  the  OFF  signal  output  timing  de- 
pending  upon  the  overall  decision  of  characteris- 
tics.  In  the  present  invention,  the  ON  timing  gen- 
erating  circuit  23  and  the  OFF  timing  generating 
circuit  24  are  preset  to  output  the  optimal  timing  in 
synchronization  with  the  source  voltage  of  the  ac 
power  supply  1  ,  respectively. 

It  must  be  understood  that  the  OFF  signal 
output  timing  may  be  determined  in  the  vicinity  of 
the  maximum  power  factor  point  with  respect  to  the 
set  ON  signal  output  timing  in  case  a  particular 
weight  is  given  to  the  power  factor.  Further,  it  must 
be  noted  that  the  OFF  signal  output  timing  may  be 
determined  so  as  to  minimize  the  higher  harmonic 
component  of  any  desired  specific  order  with  re- 
spect  to  the  set  ON  signal  output  timing  in  case  the 
higher  harmonic  component  of  a  specific  order  in 
the  input  current  should  be  particularly  reduced. 

In  case  the  particular  weight  is  given  to  the 
power  factor,  the  ON  signal  for  the  switch  21  output 
from  the  ON  timing  generating  circuit  23  may  be 
set  depending  upon  a  power  factor  characteristic 
shown  in  Fig.  10  under  a  constant  load.  In  Fig.  10, 
the  ordinate  axis  represents  a  delay  time  Td  from 
the  zero  crossing  point  of  the  source  voltage,  the 
transverse  axis  represents  a  conducting  time  Ton  of 
the  switch  21  ,  that  is,  a  time  obtained  by  subtrac- 
ting  the  delay  time  Td  from  the  OFF  signal  output 
timing  t0ft  on  the  basis  of  the  zero  crossing  point  of 
the  source  voltage.  Fig.  10  is  a  contour  map  show- 
ing  0.8%  or  more  power  factor.  As  seen  from  the 
illustration,  it  is  possible  to  enhance  a  power  factor 
improvement  effect  when  the  delay  time  Td  is  in  a 
range  from  0.6  to  about  1.3  [msec]  greater  than 
when  the  delay  time  is  fixed  to  the  zero  crossing 

point  of  the  source  voltage  (i.e.,  Td  =  0  [msec])  as 
in  the  conventional  dc  power-supply  unit  1  1  having 
the  enhanced  power  factor.  Therefore,  the  ON  sig- 
nal  output  timing  may  be  set  in  the  range. 

5  For  example,  the  ON  timing  generating  circuit 
23  and  the  OFF  timing  generating  circuit  24  may 
be  constructed  as  shown  in  Fig.  11  in  case  the  ON 
signal  output  timing  for  the  switch  21  is  delayed  by 
a  time  Td  from  the  zero  crossing  point  of  the 

io  source  voltage  of  the  ac  power  supply  1,  and  the 
OFF  signal  output  timing  is  delayed  a  given  period 
from  the  zero  crossing  point.  In  Fig.  11,  reference 
numeral  27  means  a  photocoupler  whose  input  is 
connected  to  the  ac  power  supply  1  ,  28  and  29  are 

is  input-output  bias  resistors,  30  is  a  one-shot  mul- 
tivibrator  circuit  using  an  output  from  the 
photocoupler  27  as  a  trigger  input,  31  and  32  are 
respectively  a  resistor  and  a  capacitor  to  set  an 
output  pulse  width  of  the  one-shot  multivibrator 

20  circuit  30,  33  is  a  trailing  edge  detecting  circuit, 
and  34,  35  are  respectively  a  resistor  and  a  capaci- 
tor  to  set  a  pulse  width  of  a  trailing  edge  detecting 
signal. 

Further,  reference  numeral  36  means  a  one- 
25  shot  multivibrator  circuit  using  the  output  from  the 

photocoupler  27  as  a  trigger  input,  37  and  38  are 
respectively  a  resistor  and  a  capacitor  to  set  an 
output  pulse  width  of  the  one-shot  multivibrator 
circuit  36,  39  is  a  trailing  edge  detecting  circuit, 

30  and  40,  41  are  respectively  a  resistor  and  a  capaci- 
tor  to  set  a  pulse  width  of  a  trailing  edge  detecting 
signal. 

In  the  circuit  shown  in  Fig.  11,  when  the  source 
voltage  of  the  ac  power  supply  1  is  in  the  vicinity 

35  of  the  zero  crossing  point,  the  output  transistor  of 
the  photocoupler  27  is  turned  OFF  so  that  a  high 
level  signal  is  output.  The  one-shot  multivibrator 
circuit  36  uses  the  output  as  the  trigger  input,  and 
outputs  a  signal  (high  level  signal)  having  the  pulse 

40  width  set  by  the  resistor  37  and  the  capacitor  38.  In 
this  case,  if  the  pulse  width  is  set  to  the  optimal 
delay  time  Td  from  the  zero  crossing  point  of 
source  voltage,  an  output  signal  from  the  trailing 
edge  detecting  circuit  39  obtained  by  an  output 

45  signal  from  the  one-shot  multivibrator  circuit  36  can 
serve  as  the  output  signal  from  the  ON  timing 
generating  circuit  23.  The  one-shot  multivibrator 
circuit  30  uses  the  output  from  the  photocoupler  27 
as  the  trigger  input,  and  outputs  a  signal  (a  high 

50  level  signal)  having  a  pulse  width  set  by  the  resis- 
tor  31  and  the  capacitor  32.  In  this  case,  if  the 
pulse  width  is  set  to  the  optimal  OFF  timing,  an 
output  signal  from  the  trailing  edge  detecting  circuit 
33  obtained  by  an  output  signal  of  the  one-shot 

55  multivibrator  circuit  30  can  serve  as  the  output 
signal  from  the  OFF  timing  generating  circuit  24. 

According  to  the  circuit  embodiment  shown  in 
Fig.  11,  the  signals  in  synchronization  with  the 
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source  voltage  can  be  obtained  by  setting  output 
from  the  ON  timing  generating  circuit  23  and  the 
OFF  timing  generating  circuit  24  on  the  basis  of 
the  zero  crossing  point  of  the  source  voltage  of  the 
ac  power  supply  1  .  However,  it  must  be  noted  that 
the  present  invention  should  not  be  limited  to  the 
above  means  for  obtaining  the  synchronizing  sig- 
nal,  and  may  include  another  means  as  shown  in  a 
circuit  embodiment  in  Fig.  12.  In  Fig.  12,  reference 
numerals  42  to  45  mean  rectifying  diodes,  46  and 
47  are  voltage  dividing  resistors,  48  and  52  are 
comparator  circuits,  49,  50,  53,  and  54  are  refer- 
ence  voltage  setting  resistors  for  the  comparator 
circuits  48,  52,  and  51  ,  55  are  leading  edge  detect- 
ing  circuits. 

Fig.  13  is  a  diagram  showing  the  operation  of 
the  circuit  shown  in  Fig.  12.  In  Fig.  13,  (a)  shows  a 
source  voltage  waveform  of  the  ac  power  supply  1  , 
(b)  shows  an  output  waveform  of  the  voltage  divid- 
ing  resistors  46  and  47,  (c)  and  (e)  show  output 
waveforms  from  the  respective  comparator  circuits 
48  and  52,  and  (d),  (f)  show  output  waveforms  from 
the  respective  leading  edge  detecting  circuits  51, 
55.  As  seen  from  Fig.  13,  if  reference  voltage  of 
the  comparator  circuits  51,  55  are  respectively  set 
to  the  ON  timing  and  the  OFF  timing  for  the  switch 
21  ,  output  from  the  leading  edge  detecting  circuits 
51,  55  can  serve  as  output  from  the  ON  timing 
generating  circuit  23  and  the  OFF  timing  generat- 
ing  circuit  24,  respectively. 

Embodiment  2 

In  the  embodiment  1  shown  in  Fig.  7,  both  of  a 
reactor  2  and  a  switch  21  are  arranged  on  the  dc 
side  of  a  subsequent  stage  of  a  rectifier  circuit  3. 
However,  it  must  be  noted  that  the  present  inven- 
tion  should  not  be  limited  to  the  arrangement  of  the 
reactor  2  and  the  switch  21  ,  and  the  reactor  2  may 
be  disposed  on  the  ac  side  as  shown  in  Fig.  14 
(according  to  the  twenty-fourth  aspect).  In  this 
case,  the  reactor  2  can  be  made  smaller  than 
would  be  in  case  the  reactor  2  is  disposed  on  the 
dc  side. 

Embodiment  3 

Alternatively,  both  of  a  reactor  2  and  a  switch 
21  may  be  arranged  on  the  ac  side  as  shown  in 
Fig.  15.  In  case  both  the  reactor  2  and  the  switch 
21  are  arranged  on  the  ac  side  as  shown  in  Fig.  15, 
it  is  possible  to  omit  the  diode  13  of  the  capacitor  9 
of  the  smoothing  circuit  8  shown  in  Fig.  7  accord- 
ing  to  the  embodiment  1  since  the  diode  bridges  4 
to  7  of  the  rectifier  circuit  3  also  serve  as  the  diode 
13.  In  this  case,  the  plurality  of  reactors  2  may  be 
provided  to  serve  as  an  inductive  element  shown  in 
Figs.  7,  14,  and  15. 

Embodiment  4 

It  is  also  possible  to  provide  substantially  the 
same  operation,  and  the  same  effects  so  as  to 

5  enhance  dc  output  voltage  applied  to  a  load  10  by 
forming  a  voltage  doubler  rectifier  circuit  as  shown 
in  Fig.  16. 

Embodiment  5 
10 

The  switch  controlling  circuit  22  of  Fig.  7  may 
be  constructed  as  shown  in  Fig.  17.  In  Fig.  17, 
reference  numeral  58  means  a  zero  point  detecting 
circuit  to  detect  a  zero  point  of  input  current,  59 

is  and  60  are  delay  circuits  to  respectively  output  a 
signal  after  a  first  delay  time  and  a  second  delay 
time  when  the  zero  point  is  detected  by  the  zero 
point  detecting  circuit  58,  61  is  a  transistor  ON/OFF 
circuit  to  continuously  output  an  ON  signal  and  an 

20  OFF  signal  for  a  predetermined  period  when  sig- 
nals  are  output  from  the  delay  circuits  59,  60,  and 
62  is  a  switch  driving  circuit  to  drive  the  switch  21 
in  response  to  the  output  signal  from  the  transistor 
ON/OFF  circuit  61. 

25 
Embodiment  6 

Fig.  18  is  a  circuit  diagram  showing  one  em- 
bodiment  according  to  the  second  aspect  of  the 

30  present  invention.  In  Fig.  18,  reference  numeral  72 
means  an  ON  period  setting  circuit  to  set  an  ON 
period  of  the  switch  21  by  using  the  output  signal 
from  an  ON  timing  generating  circuit  23  as  a  trig- 
ger,  73  means  a  switch  driving  circuit  to  drive  a 

35  switch  21  according  to  an  output  signal  from  the 
ON  period  setting  circuit  72,  and  71  is  a  switch 
controlling  circuit  (switch  controlling  means)  includ- 
ing  the  ON  timing  generating  circuit  23,  the  ON 
period  setting  circuit  72,  and  the  switch  driving 

40  circuit  73,  and  74  is  a  dc  power-supply  unit. 
A  description  will  now  be  given  of  the  opera- 

tion.  When  the  ON  timing  generating  circuit  23 
outputs  the  ON  signal  in  synchronization  with  the 
source  voltage  of  the  ac  power  supply  1  and  ac- 

45  cording  to  time  which  is  delayed  by  a  preset  time 
Td  immediately  after  the  source  voltage  passes 
through  the  zero  point,  the  ON  period  setting  circuit 
72  outputs  a  signal  output  to  close  the  switch  21 
only  for  a  preset  period  to  the  switch  21  through 

50  the  switch  driving  circuit  73.  During  the  switch  21  is 
closed,  as  in  the  case  of  the  embodiment  1  de- 
scribed  before,  the  ac  power  supply  1  is  short- 
circuited  through  the  reactor  2  and  the  diode  brid- 
ges  4  and  7  (or  the  diode  bridges  5,  6)  to  conduct 

55  current,  and  the  current  gradually  increases.  Sub- 
sequently,  when  the  ON  period  of  the  switch  21  is 
terminated  to  open  the  switch  21,  the  short-circuit 
current  which  has  been  flowing  in  the  reactor  2 
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passes  through  the  diode  13  to  become  charging 
current  in  the  capacitor  9  of  the  smoothing  circuit 
8,  and  starts  to  decrease.  Thereafter,  when  the 
source  voltage  of  the  ac  power  supply  1  is  in  the 
vicinity  of  peak  voltage,  the  diode  bridges  4,  7  (or 
the  diode  bridges  5,  6)  cause  the  charging  current 
in  the  capacitor  9  to  flow  through  the  reactor  2  and 
the  diode  13. 

At  this  time,  a  source  voltage  waveform  of  the 
ac  power  supply  1  and  an  input  current  waveform 
of  the  dc  power-supply  unit  74  are  identical  with 
those  shown  in  Fig.  8  according  to  the  embodiment 
1. 

Fig.  19  is  a  diagram  showing  relations  between 
a  signal  output  period  of  the  ON  period  setting 
circuit  72,  and  a  power  factor  and  a  higher  har- 
monic  component  of  the  input  current  of  the  dc 
power-supply  unit  74  in  case  the  ON  signal  for  the 
switch  21  is  generated  from  the  ON  timing  generat- 
ing  circuit  23  at  a  certain  time  point  in  synchroniza- 
tion  with  the  source  voltage  of  the  ac  power  supply 
1  (for  example,  after  a  time  Td  from  the  zero 
crossing  point  of  the  source  voltage)  under  a  con- 
stant  load.  In  Fig.  19,  the  transverse  axis  repre- 
sents  a  ratio  of  an  ON  signal  output  period  ton  to 
the  power  supply  period  T0.  As  in  the  case  of  the 
embodiment  1  described  above,  it  is  possible  to 
provide  the  overall  optimal  operating  point  in  view 
of  the  power  factor  and  a  current  higher  harmonic 
characteristic  shown  in  Figs.  10  and  19.  In  the 
present  invention,  the  ON  timing  generating  circuit 
23  and  the  ON  period  setting  circuit  72  are  preset 
to  output  the  optimal  timing  and  the  optimal  ON 
period,  respectively.  Further,  as  in  the  embodiment 
1  ,  it  must  be  noted  that  the  ON  timing  and  the  ON 
period  may  be  set  depending  upon,  for  example, 
an  operating  point  to  maximize  the  power  factor,  or 
another  operating  point  to  minimize  a  specific  high- 
er  harmonic  current  of  the  input  current. 

For  example,  the  ON  timing  generating  circuit 
23  and  the  ON  period  setting  circuit  72  may  be 
constructed  as  shown  in  Fig.  20  in  case  the  ON 
signal  output  timing  for  the  switch  21  is  delayed  by 
a  delay  time  Td  from  the  zero  crossing  point  of  the 
source  voltage  of  the  ac  power  supply  1.  In  Fig.  20, 
reference  numeral  75  means  a  one-shot  multivibra- 
tor  circuit  using  the  output  from  the  photocoupler 
27  as  a  trigger  input,  and  76,  77  are  respectively  a 
resistor  and  a  capacitor  to  set  an  output  pulse 
width  of  the  one-shot  multivibrator  circuit  75,  that 
is,  the  ON  timing  for  the  switch  21  .  Further,  refer- 
ence  numeral  78  means  a  one-shot  multivibrator 
circuit  using  the  output  from  the  ON  timing  gen- 
erating  circuit  23  as  the  trigger  input,  and  79,  80 
are  respectively  a  resistor  and  a  capacitor  to  set  an 
output  pulse  width  of  the  one-shot  multivibrator 
circuit  78,  that  is,  the  ON  period  of  the  switch  21  . 

In  addition,  as  in  the  embodiment  1,  it  must  be 
noted  that  the  present  invention  should  not  be 
limited  to  the  means  on  the  basis  of  the  zero 
crossing  point  of  the  source  voltage  as  means  for 

5  obtaining  the  signal  in  synchronization  with  the 
source  voltage  of  the  ac  power  supply  1  . 

Besides,  as  in  the  embodiment  1,  it  must  be 
noted  that  the  present  invention  should  not  be 
limited  to  the  arrangement  of  the  reactor  2  and  the 

io  switch  21  shown  in  Fig.  18.  The  reactor  2  may  be 
disposed  on  the  ac  side  as  shown  in  Fig.  14,  and 
both  of  the  reactor  2  and  the  switch  21  may  be 
arranged  on  the  ac  side  as  shown  in  Fig.  15. 
Alternatively,  a  voltage  doubler  rectifier  circuit  may 

is  be  formed  as  shown  in  Fig.  16.  Further,  the  plural- 
ity  of  reactors  2  may  be  provided  to  serve  as  an 
inductive  element. 

Embodiment  7 
20 

Alternatively,  a  switch  controlling  circuit  71  of 
Fig.  18  may  be  constructed  as  shown  in  Fig.  21. 

Embodiment  8 
25 

Though  a  point  to  set  the  input  current  to  zero 
is  detected  in  the  embodiment  7,  it  is  possible  to 
employ  another  point  to  set  the  input  current  to  a 
value  other  than  zero.  An  illustrative  circuit  is 

30  shown  in  Fig.  22.  In  Fig.  22,  reference  numeral  81 
means  a  zero  point  detecting  circuit  to  output  a 
signal  A  when  the  input  current  is  equal  to  or  more 
than  b,  and  is  equal  to  or  less  than  a. 

A  description  will  be  given  of  the  control  with 
35  reference  to  Fig.  23.  The  zero  point  detecting  cir- 

cuit  81  has  thresholds  a,  b  with  respect  to  the  input 
current,  and  outputs  "Lo"  signal,  that  is,  the  signal 
A  when  the  input  current  is  equal  to  or  more  than  b 
and  is  equal  to  or  less  than  a.  It  is  possible  to 

40  provide  signals  B  and  C  in  the  same  process  as 
that  in  the  embodiment  1  .  Thereby,  it  is  possible  to 
perform  the  same  operation  as  that  in  the  embodi- 
ment  1  ,  resulting  in  the  same  effect. 

45  Embodiment  9 

Fig.  24  is  a  circuit  diagram  showing  one  em- 
bodiment  according  to  the  third  aspect  of  the 
present  invention.  In  Fig.  24,  reference  numeral  82 

50  means  a  current  sensor  (short-circuit  current  de- 
tecting  means)  to  detect  short-circuit  current  which 
flows  in  the  reactor  2  when  a  switch  21  is  closed, 
83  means  a  short-circuit  current  detecting  circuit  to 
output  an  OFF  signal  for  the  switch  21  when  an 

55  output  from  the  current  sensor  82  reaches  a  preset 
value,  84  is  a  switch  controlling  circuit  (switch 
controlling  means)  including  the  ON  timing  gen- 
erating  circuit  23,  the  short-circuit  current  detecting 
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circuit  83,  and  the  switch  driving  circuit  25,  and  85 
is  a  dc  power-supply  unit. 

A  description  will  now  be  given  of  the  opera- 
tion.  The  ON  timing  generating  circuit  23  outputs 
the  ON  signal  through  the  switch  driving  circuit  25 
in  synchronization  with  source  voltage  of  an  ac 
power  supply  1  and  according  to  timing  which  is 
delayed  by  a  preset  time  Td  immediately  after  the 
source  voltage  passes  through  the  zero  point.  Sub- 
sequently,  the  switch  21  is  closed  so  that  the  ac 
power  supply  1  is  short-circuited  through  a  reactor 
2  and  diode  bridges  4  and  7  (or  diode  bridges  5,  6) 
to  conduct  current,  and  the  current  gradually  in- 
creases.  When  the  short-circuit  current  increases 
and  reaches  the  preset  value,  the  short-circuit  cur- 
rent  detecting  circuit  83  outputs  the  OFF  signal  for 
the  switch  21  through  the  switch  driving  circuit  25 
to  open  the  switch  21  .  Accordingly,  the  short-circuit 
current  which  has  been  flowing  in  the  reactor  2 
passes  through  the  diode  13  to  become  charging 
current  in  the  capacitor  9  of  the  smoothing  circuit 
8,  and  starts  to  decrease.  Thereafter,  when  the 
source  voltage  of  the  ac  power  supply  1  is  in  the 
vicinity  of  peak  voltage,  the  diode  bridges  4,  7  (or 
the  diode  bridges  5,  6)  cause  the  charging  current 
in  the  capacitor  9  to  flow  through  the  reactor  2  and 
the  diode  13. 

At  this  time,  a  source  voltage  waveform  of  the 
ac  power  supply  1  and  an  input  current  waveform 
of  the  dc  power-supply  unit  85  are  identical  with 
those  shown  in  Fig.  8  according  to  the  embodiment 
1. 

Fig.  25  is  a  diagram  showing  relations  between 
a  short-circuit  current  level  to  generate  the  OFF 
signal  for  the  switch  21  ,  and  a  power  factor  and  a 
higher  harmonic  component  of  the  input  current  of 
the  dc  power-supply  unit  85  in  case  the  ON  signal 
for  the  switch  21  is  generated  from  the  ON  timing 
generating  circuit  23  at  a  certain  time  point  in 
synchronization  with  the  source  voltage  of  the  ac 
power  supply  1  (for  example,  after  a  time  Td  from 
the  zero  crossing  point  of  the  source  voltage)  un- 
der  a  constant  load.  In  Fig.  25,  the  transverse  axis 
represents  a  ratio  of  the  short-circuit  current  level  ip 
to  generate  the  OFF  signal  for  the  switch  21  to 
average  output  current  IAvg  when  the  maximum 
load  is  applied  to  the  dc  power-supply  unit  85.  As 
in  the  case  of  the  embodiment  1  described  above, 
it  is  possible  to  provide  the  overall  optimal  operat- 
ing  point  in  view  of  the  power  factor  and  a  current 
higher  harmonic  characteristic  shown  in  Fig.  25.  In 
the  present  invention,  the  ON  timing  generating 
circuit  23  and  the  short-circuit  current  detecting 
circuit  83  are  preset  to  output  the  optimal  timing 
and  the  optimal  short-circuit  current  level,  respec- 
tively.  Further,  as  in  the  embodiment  1,  it  must  be 
noted  that  the  ON  timing  and  the  short-circuit  cur- 
rent  level  may  be  set  depending  upon,  for  exam- 

ple,  an  operating  point  to  maximize  the  power 
factor,  or  another  operating  point  to  minimize  a 
specific  higher  harmonic  current  of  the  input  cur- 
rent. 

5  For  example,  the  ON  timing  generating  circuit 
23  and  the  short-circuit  current  detecting  circuit  83 
may  be  constructed  as  shown  in  Fig.  26  in  case 
ON  signal  output  timing  for  the  switch  21  is  de- 
layed  by  a  delay  time  Td  from  the  zero  crossing 

io  point  of  the  source  voltage  of  the  ac  power  supply 
1.  In  Fig.  26,  reference  numeral  86  means  a  com- 
parator  circuit,  87  and  88  mean  setting  resistors  to 
set  the  short-circuit  current  level  to  generate  refer- 
ence  voltage  of  the  comparator  circuit  86,  that  is, 

is  the  OFF  signal  for  the  switch  21  ,  89  is  a  one-shot 
multivibrator  circuit  using  an  output  signal  from  the 
comparator  circuit  86  as  a  trigger,  and  90,  91  are 
respectively  a  resistor  and  a  capacitor  to  set  an 
output  pulse  width  of  the  one-shot  multivibrator 

20  circuit  89,  that  is,  a  width  of  a  pulse  signal  serving 
as  OFF  timing  for  the  switch  21  . 

In  addition,  as  in  the  embodiment  1,  it  must  be 
noted  that  the  present  invention  should  not  be 
limited  to  the  means  on  the  basis  of  the  zero 

25  crossing  point  of  the  source  voltage  as  means  for 
obtaining  the  signal  in  synchronization  with  the 
source  voltage  of  the  ac  power  supply  1  . 

Besides,  as  in  the  embodiment  1,  it  must  be 
noted  that  the  present  invention  should  not  be 

30  limited  to  the  arrangement  of  the  reactor  2  and  the 
switch  21  shown  in  Fig.  24.  The  reactor  2  may  be 
disposed  on  the  ac  side  as  shown  in  Fig.  14,  and 
both  of  the  reactor  2  and  the  switch  21  may  be 
arranged  on  the  ac  side  as  shown  in  Fig.  15. 

35  Alternatively,  a  voltage  doubler  rectifier  circuit  may 
be  formed  as  shown  in  Fig.  16.  Further,  the  plural- 
ity  of  reactors  2  may  be  provided  to  serve  as  an 
inductive  element. 

40  Embodiment  10 

Alternatively,  the  switch  controlling  circuit  84  of 
Fig.  24  may  be  constructed  as  shown  in  Fig.  27.  In 
Fig.  27,  reference  numeral  92  means  a  cutoff  cir- 

45  cuit  to  cut  off  a  driving  signal  for  a  switch  21  . 
Fig.  28  is  an  operating  waveform  diagram 

showing  the  operation  in  Fig.  27. 

Embodiment  1  1 
50 

Fig.  29  is  a  circuit  diagram  showing  one  em- 
bodiment  according  to  the  fourth  aspect  of  the 
present  invention.  In  Fig.  29,  reference  numeral  93 
means  a  current  sensor  (load  condition  detecting 

55  means)  to  detect  load  current,  94  means  a  variable 
ON  timing  generating  circuit  to  generate  an  ON 
signal  for  a  switch  21  in  synchronization  with  the 
source  voltage,  and  according  to  timing  according 
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to  a  load  condition  detected  by  the  current  sensor 
93,  95  is  a  switch  controlling  circuit  (switch  control- 
ling  means)  including  the  variable  ON  timing  gen- 
erating  circuit  94,  an  OFF  timing  generating  circuit 
24,  and  a  switch  driving  circuit  25,  and  96  is  a  dc 
power-supply  unit. 

A  description  will  now  be  given  of  the  opera- 
tion.  The  variable  ON  timing  generating  circuit  94 
outputs  an  ON  signal  through  the  switch  driving 
circuit  25  in  synchronization  with  the  source  volt- 
age  of  an  ac  power  supply  1  ,  and  according  to  the 
load  condition  detected  by  the  current  sensor  93. 
Consequently,  the  switch  21  is  closed  so  that  the 
ac  power  supply  1  is  short-circuited  through  a 
reactor  2  and  diode  bridges  4  and  7  (or  diode 
bridges  5,  6)  to  conduct  current,  and  the  current 
gradually  increases.  Subsequently,  the  OFF  timing 
generating  circuit  24  outputs  the  OFF  signal 
through  the  switch  driving  circuit  25  in  synchroniza- 
tion  with  the  source  voltage,  resulting  in  opening 
the  switch  21.  The  short-circuit  current  which  has 
been  flowing  in  the  reactor  2  passes  through  a 
diode  13  to  become  charging  current  in  a  capacitor 
9  of  a  smoothing  circuit  8,  and  starts  to  decrease. 
Thereafter,  when  the  source  voltage  of  the  ac  pow- 
er  supply  1  is  in  the  vicinity  of  peak  voltage,  the 
diode  bridges  4,  7  (or  the  diode  bridges  5,  6) 
cause  the  charging  current  in  the  capacitor  9  to 
flow  through  the  reactor  2  and  the  diode  13. 

At  this  time,  there  are  provided  a  source  volt- 
age  waveform  of  the  ac  power  supply  1,  and  the 
input  current  waveforms  of  the  dc  power-supply 
unit  96  under  a  light  load  and  a  heavy  load  as 
shown  in  Fig.  30.  As  seen  from  Fig.  30,  the  opera- 
tion  is  controlled  so  as  to  have  a  later  ON  signal 
output  timing  of  the  variable  ON  timing  generating 
circuit  94  under  a  light  load  than  the  ON  signal 
output  timing  under  a  heavy  load. 

Fig.  31  is  a  diagram  showing  a  relation  be- 
tween  a  load,  and  the  ON  signal  output  timing 
serving  as  the  overall  optimal  operating  point  in 
view  of  a  power  factor  and  a  current  higher  har- 
monic  characteristic  in  case  the  OFF  signal  for  the 
switch  21  is  generated  from  the  OFF  timing  gen- 
erating  circuit  24  at  a  certain  time  point  in  synchro- 
nization  with  the  source  voltage  of  the  ac  power 
supply  1  (for  example,  after  a  time  point  delayed 
by  one-tenth  of  power  supply  period  from  a  zero 
crossing  point  of  the  source  voltage).  In  Fig.  31,  the 
transverse  axis  represents  a  load  normalized  by 
rated  load  Po,  and  the  ordinate  axis  represents  the 
ON  signal  output  timing  normalized  by  the  power 
supply  period  T0.  In  the  present  invention,  the 
output  timing  of  the  variable  ON  timing  generating 
circuit  94  can  be  controlled  according  to  the  load 
condition  based  upon  the  relation  shown  in  Fig.  31. 
Further,  it  must  be  noted  that  the  output  timing  of 
the  variable  ON  timing  generating  circuit  94  may 

be  controlled  according  to  the  purpose.  That  is, 
while  a  particular  weight  is  given  to  the  power 
factor,  the  output  timing  may  be  controlled  accord- 
ing  to  the  load  condition.  Alternatively,  while  the 

5  particular  weight  is  given  to  the  current  higher 
harmonic  characteristic,  the  output  timing  may  be 
controlled  according  to  the  load  condition. 

Though  the  magnitude  of  the  load  condition  is 
detected  by  detecting  the  load  current  by  the  cur- 

io  rent  sensor  93  in  the  embodiment  11,  it  must  be 
noted  that  the  present  invention  should  not  be 
limited  to  this  means  as  load  condition  detecting 
means.  For  example,  it  is  also  possible  to  detect 
the  magnitude  of  the  load  condition  by  using  volt- 

15  age  fluctuation  in  the  capacitor  9  of  the  smoothing 
circuit  8,  or  the  input  current  of  the  dc  power- 
supply  unit  96. 

In  addition,  as  in  the  embodiment  1,  it  is  to  be 
understood  that  the  present  invention  should  not  be 

20  limited  to  the  means  on  the  basis  of  the  zero 
crossing  point  of  the  source  voltage  as  means  for 
obtaining  the  signal  in  synchronization  with  the 
source  voltage  of  the  ac  power  supply  1  . 

Besides,  as  in  the  embodiment  1,  it  must  be 
25  noted  that  the  present  invention  should  not  be 

limited  to  the  arrangement  of  the  reactor  2  and  the 
switch  21  shown  in  Fig.  29.  The  reactor  2  may  be 
disposed  on  the  ac  side  as  shown  in  Fig.  14,  and 
both  of  the  reactor  2  and  the  switch  21  may  be 

30  arranged  on  the  ac  side  as  shown  in  Fig.  15. 
Alternatively,  a  voltage  doubler  rectifier  circuit  may 
be  formed  as  shown  in  Fig.  16.  Further,  the  plural- 
ity  of  reactors  2  may  be  provided  to  serve  as  an 
inductive  element. 

35 
Embodiment  12 

Fig.  32  is  a  circuit  diagram  showing  one  em- 
bodiment  according  to  the  fifth  aspect  of  the 

40  present  invention.  In  Fig.  32,  reference  numeral  97 
means  a  switch  controlling  circuit  (switch  control- 
ling  means)  including  a  variable  ON  timing  generat- 
ing  circuit  94,  an  ON  period  setting  circuit  72,  and 
a  switch  driving  circuit  73,  and  98  is  a  dc  power- 

45  supply  unit. 
A  description  will  now  be  given  of  the  opera- 

tion.  The  variable  ON  timing  generating  circuit  94 
outputs  an  ON  signal  in  synchronization  with  the 
source  voltage  of  the  ac  power  supply  1,  and 

50  according  to  a  load  condition  detected  by  the  cur- 
rent  sensor  93.  Consequently,  the  ON  period  set- 
ting  circuit  72  outputs  a  signal  output  to  close  a 
switch  21  only  for  a  preset  period  through  the 
switch  driving  circuit  73  to  the  switch  21.  During 

55  the  switch  21  is  closed,  as  in  the  embodiment  11 
described  before,  the  ac  power  supply  1  is  short- 
circuited  through  a  reactor  2  and  diode  bridges  4 
and  7  (or  diode  bridges  5,  6)  to  conduct  current, 
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and  the  current  gradually  increases.  Subsequently, 
when  an  ON  period  of  the  switch  21  is  terminated 
to  open  the  switch  21,  the  short-circuit  current 
which  has  been  flowing  in  the  reactor  2  passes 
through  a  diode  13  to  become  charging  current  in 
the  capacitor  9  of  the  smoothing  circuit  8,  and 
starts  to  decrease.  Thereafter,  when  the  source 
voltage  of  the  ac  power  supply  1  is  in  the  vicinity 
of  peak  voltage,  the  diode  bridges  4,  7  (or  the 
diode  bridges  5,  6)  cause  the  charging  current  in 
the  capacitor  9  to  flow  through  the  reactor  2  and 
the  diode  13. 

At  this  time,  there  are  provided  a  source  volt- 
age  waveform  of  the  ac  power  supply  1  ,  and  input 
current  waveforms  of  the  dc  power-supply  unit  98 
under  a  light  load  and  a  heavy  load  as  shown  in 
Fig.  33.  As  seen  from  Fig.  33,  the  operation  is 
controlled  so  as  to  have  an  earlier  ON  signal  output 
timing  of  the  variable  ON  timing  generating  circuit 
96  under  a  light  load  than  the  ON  signal  output 
timing  under  a  heavy  load. 

Fig.  34  is  a  diagram  showing  a  relation  be- 
tween  a  load,  and  the  ON  signal  output  timing 
serving  as  the  overall  optimal  operating  point  in 
view  of  the  power  factor  and  a  current  higher 
harmonic  characteristic  in  case  an  ON  signal  output 
period  of  the  ON  period  setting  circuit  72  is  set  to  a 
certain  period  (for  example,  one-twentieth  of  source 
voltage  period).  In  Fig.  34,  the  transverse  axis 
represents  a  load  normalized  by  rated  load  Po,  and 
the  ordinate  axis  represents  the  ON  signal  output 
timing  normalized  by  the  power  supply  period  T0. 
In  the  present  invention,  the  output  timing  of  the 
variable  ON  timing  generating  circuit  94  can  be 
controlled  according  to  the  load  condition  based 
upon  the  relation  shown  in  Fig.  34.  Further,  as  in 
the  embodiment  11,  it  must  be  noted  that  the 
output  timing  of  the  variable  ON  timing  generating 
circuit  94  may  be  controlled  according  to  the  pur- 
pose.  That  is,  while  a  particular  weight  is  given  to 
the  power  factor,  the  output  timing  may  be  con- 
trolled  according  to  the  load  condition.  Alternative- 
ly,  while  the  particular  weight  is  given  to  the  current 
higher  harmonic  characteristic,  the  output  timing 
may  be  controlled  according  to  the  load  condition. 

As  in  the  embodiment  1  1  ,  it  must  be  noted  that 
the  present  invention  should  not  be  limited  to  the 
load  current  detecting  means  as  means  for  detect- 
ing  the  magnitude  of  the  load  condition.  For  exam- 
ple,  it  is  also  possible  to  detect  the  magnitude  of 
the  load  condition  by  using  voltage  fluctuation  in 
the  capacitor  9  of  the  smoothing  circuit  8,  or  the 
input  current  of  the  dc  power-supply  unit  98. 

In  addition,  as  in  the  embodiment  1,  it  is  to  be 
understood  that  the  present  invention  should  not  be 
limited  to  the  means  on  the  basis  of  the  zero 
crossing  point  of  the  source  voltage  as  means  for 
obtaining  the  signal  in  synchronization  with  the 

source  voltage  of  the  ac  power  supply  1  . 
Besides,  as  in  the  embodiment  1,  it  must  be 

noted  that  the  present  invention  should  not  be 
limited  to  the  arrangement  of  the  reactor  2  and  the 

5  switch  21  shown  in  Fig.  32.  The  reactor  2  may  be 
disposed  on  the  ac  side  as  shown  in  Fig.  14,  and 
both  of  the  reactor  2  and  the  switch  21  may  be 
arranged  on  the  ac  side  as  shown  in  Fig.  15. 
Alternatively,  a  voltage  doubler  rectifier  circuit  may 

io  be  formed  as  shown  in  Fig.  16.  Further,  the  plural- 
ity  of  reactors  2  may  be  provided  to  serve  as  an 
inductive  element. 

Embodiment  13 
15 

Alternatively,  the  circuit  in  the  embodiment  12 
may  be  constructed  as  shown  in  Fig.  35.  In  Fig.  35, 
reference  numeral  99  means  a  load  detecting  cir- 
cuit  to  decide  magnitude  of  load  according  to  a 

20  signal  from  a  current  sensor  200,  100  means  a 
switching  start  time  setting  timer  to  set  a  switching 
start  time  under  a  heavy  load  in  synchronization 
with  source  voltage,  101  is  an  ON  period  setting 
timer  to  set  an  ON  time  under  the  heavy  load,  102 

25  is  a  switching  start  time  setting  timer  to  set  the 
switching  start  time  under  a  light  load  in  synchro- 
nization  with  the  source  voltage,  103  is  an  ON 
period  setting  timer  to  set  the  ON  time  under  the 
light  load,  104  is  a  timing  switching  circuit  by  which 

30  the  timing  is  switched  over  to  either  timing  for 
heavy  load  or  timing  for  light  load  in  response  to  a 
signal  from  the  load  detecting  circuit  99,  and  105  is 
a  switch  keying  circuit  to  open  and  close  a  switch 
21  according  to  the  ON/OFF  timing  output  from  the 

35  timing  switching  circuit  104. 
A  description  will  now  be  given  of  the  opera- 

tion.  The  switching  start  time  setting  timers  100 
and  102  output  the  ON  signals  in  synchronization 
with  the  source  voltage  of  the  ac  power  supply  1  to 

40  actuate  the  ON  period  setting  timers  101  and  103 
so  as  to  output  the  ON  signals  to  the  timing  switch- 
ing  circuit  104.  The  magnitude  of  the  load  is  de- 
cided  in  the  load  detecting  circuit  99  depending 
upon  the  signal  from  the  current  sensor  200  to 

45  output  the  result  to  the  timing  switching  circuit  104. 
The  timing  switching  circuit  104  is  switched  over 
so  as  to  output  the  signal  from  the  ON  period 
setting  timer  101  to  the  switch  keying  circuit  105  if 
the  signal  from  the  load  detecting  circuit  99  is  a 

50  heavy  load  signal,  and  output  the  signal  from  the 
ON  period  setting  timer  103  to  the  switch  keying 
circuit  105  if  it  is  a  light  load  signal.  The  switch 
keying  circuit  105  receives  the  ON  signal  from  the 
timing  switching  circuit  104  to  close  the  switch  21. 

55  When  the  switch  21  is  closed,  the  ac  power 
supply  1  is  short-circuited  through  a  reactor  2  and 
diode  bridges  4  and  7  (or  diode  bridges  5,  6)  to 
conduct  current,  and  the  current  gradually  in- 
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creases.  Subsequently,  the  ON  period  setting  tim- 
ers  101  and  103  output  the  OFF  signals  to  the 
timing  switching  circuit  104.  The  magnitude  of  the 
load  is  decided  in  the  load  detecting  circuit  99 
depending  upon  the  signal  from  the  current  sensor 
200  to  output  the  result  to  the  timing  switching 
circuit  104.  The  timing  switching  circuit  104  is 
switched  over  so  as  to  output  the  signal  from  the 
ON  period  setting  timer  101  to  the  switch  keying 
circuit  105  if  the  signal  from  the  load  detecting 
circuit  99  is  a  heavy  load  signal,  and  output  the 
signal  from  the  ON  period  setting  timer  103  to  the 
switch  keying  circuit  105  if  it  is  a  light  load  signal. 
The  switch  keying  circuit  105  receives  the  OFF 
signal  from  the  timing  switching  circuit  104  to  open 
the  switch  21  . 

When  the  switch  21  is  opened,  the  short-circuit 
current  which  has  been  flowing  in  the  reactor  2 
passes  through  the  diode  13  to  become  charging 
current  in  the  capacitor  9,  and  starts  to  decrease. 
Thereafter,  when  the  source  voltage  of  the  ac  pow- 
er  supply  1  is  in  the  vicinity  of  peak  voltage,  the 
diode  bridges  4,  7  (or  the  diode  bridges  5,  6) 
cause  the  charging  current  in  the  capacitor  9  to 
flow  through  the  reactor  2  and  the  diode  13. 

At  this  time,  there  are  provided  timing  charts 
shown  in  Fig.  36.  In  Fig.  36,  (a)  shows  a  source 
voltage  waveform,  (b)  shows  a  zero  cross  detecting 
signal,  (c)  shows  a  switching  start  time  output  sig- 
nal,  (d)  shows  the  ON  time,  and  (e)  shows  a 
current  waveform. 

Embodiment  14 

Fig.  37  is  a  circuit  diagram  showing  one  em- 
bodiment  according  to  the  sixth  aspect  of  the 
present  invention.  In  Fig.  37,  reference  numeral 
106  means  a  switch  controlling  circuit  (switch  con- 
trolling  means)  including  a  variable  ON  timing  gen- 
erating  circuit  94,  a  short-circuit  current  detecting 
circuit  83,  and  a  switch  driving  circuit  25,  and  107 
is  a  dc  power-supply  unit. 

A  description  will  now  be  given  of  the  opera- 
tion.  The  variable  ON  timing  generating  circuit  94 
outputs  an  ON  signal  through  the  switch  driving 
circuit  25  in  synchronization  with  the  source  volt- 
age  of  the  ac  power  supply  1  ,  and  according  to  the 
load  condition  detected  by  the  current  sensor  93. 
Subsequently,  the  switch  21  is  closed  so  that  the 
ac  power  supply  1  is  short-circuited  through  a 
reactor  2  and  diode  bridges  4  and  7  (or  diode 
bridges  5,  6)  to  conduct  current,  and  the  current 
gradually  increases.  When  the  short-circuit  current 
increases  and  reaches  a  preset  value,  the  short- 
circuit  current  detecting  circuit  83  outputs  an  OFF 
signal  for  the  switch  21  through  the  switch  driving 
circuit  25  to  open  the  switch  21.  Accordingly,  the 
short-circuit  current  which  has  been  flowing  in  the 

reactor  2  passes  through  a  diode  13  to  become 
charging  current  in  a  capacitor  9  of  a  smoothing 
circuit  8,  and  starts  to  decrease.  Thereafter,  when 
the  source  voltage  of  the  ac  power  supply  1  is  in 

5  the  vicinity  of  peak  voltage,  the  diode  bridges  4,  7 
(or  the  diode  bridges  5,  6)  cause  the  charging 
current  in  the  capacitor  9  to  flow  through  the  reac- 
tor  2  and  the  diode  13. 

At  this  time,  a  source  voltage  waveform  of  the 
io  ac  power  supply  1  ,  and  input  current  waveforms  of 

the  dc  power-supply  unit  107  under  a  light  load 
and  a  heavy  load  as  shown  in  Fig.  38.  As  seen 
from  Fig.  38,  the  operation  is  controlled  so  as  to 
have  a  later  ON  signal  output  timing  of  the  variable 

is  ON  timing  generating  circuit  94  under  a  light  load 
than  the  ON  signal  output  timing  under  a  heavy 
load. 

Fig.  39  is  a  diagram  showing  a  relation  be- 
tween  a  load,  and  the  ON  signal  output  timing 

20  serving  as  the  overall  optimal  operating  point  in 
view  of  a  power  factor  and  a  current  higher  har- 
monic  characteristic  in  case  a  short-circuit  level  to 
generate  the  OFF  signal  of  the  switch  21  is  set  to  a 
predetermined  value  (for  example,  four-fifths  of 

25  average  current  under  the  maximum  load).  In  Fig. 
39,  the  transverse  axis  represents  a  load  normal- 
ized  by  rated  load  Po,  and  the  ordinate  axis  repre- 
sents  the  ON  signal  output  timing  normalized  by 
the  power  supply  period  T0.  In  the  present  inven- 

30  tion,  the  output  timing  of  the  variable  ON  timing 
generating  circuit  94  can  be  controlled  according  to 
the  load  condition  based  upon  the  relation  shown  in 
Fig.  39.  Further,  as  in  the  embodiment  11,  it  must 
be  noted  that  the  output  timing  of  the  variable  ON 

35  timing  generating  circuit  94  may  be  controlled  ac- 
cording  to  the  purpose.  That  is,  while  a  particular 
weight  is  given  to  the  power  factor,  the  output 
timing  may  be  controlled  according  to  the  load 
condition.  Alternatively,  while  the  particular  weight 

40  is  given  to  the  current  higher  harmonic  characteris- 
tic,  the  output  timing  may  be  controlled  according 
to  the  load  condition. 

As  in  the  embodiment  1  1  ,  it  must  be  noted  that 
the  present  invention  should  not  be  limited  to  the 

45  load  current  detecting  means  as  means  for  detect- 
ing  the  magnitude  of  the  load  condition.  For  exam- 
ple,  it  is  also  possible  to  detect  the  magnitude  of 
the  load  condition  by  using  voltage  fluctuation  in 
the  capacitor  9  of  the  smoothing  circuit  8,  or  the 

50  input  current  of  the  dc  power-supply  unit  107. 
In  addition,  as  in  the  embodiment  1,  it  is  to  be 

understood  that  the  present  invention  should  not  be 
limited  to  the  means  on  the  basis  of  the  zero 
crossing  point  of  the  source  voltage  as  means  for 

55  obtaining  the  signal  in  synchronization  with  the 
source  voltage  of  the  ac  power  supply  1  . 

Besides,  as  in  the  embodiment  1,  it  must  be 
noted  that  the  present  invention  should  not  be 
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limited  to  the  arrangement  of  the  reactor  2  and  the 
switch  21  shown  in  Fig.  37.  The  reactor  2  may  be 
disposed  on  the  ac  side  as  shown  in  Fig.  14,  and 
both  of  the  reactor  2  and  the  switch  21  may  be 
arranged  on  the  ac  side  as  shown  in  Fig.  15. 
Alternatively,  a  voltage  doubler  rectifier  circuit  may 
be  formed  as  shown  in  Fig.  16.  Further,  the  plural- 
ity  of  reactors  2  may  be  provided  to  serve  as  an 
inductive  element. 

Embodiment  15 

Alternatively,  the  circuit  shown  in  Fig.  37  ac- 
cording  to  the  embodiment  14  may  be  constructed 
as  shown  in  Fig.  40.  In  Fig.  40,  reference  numeral 
108  means  an  overcurrent  detecting  circuit  to  de- 
cide  overcurrent  depending  upon  a  signal  from  a 
current  sensor  82. 

A  description  will  now  be  given  of  the  opera- 
tion.  Switching  start  time  setting  timers  100  and 
102  output  ON  signals  in  synchronization  with 
source  voltage  of  an  ac  power  supply  1  to  actuate 
ON  period  setting  timers  101  and  103  so  as  to 
output  the  ON  signals  to  a  timing  switching  circuit 
104.  The  magnitude  of  the  load  is  decided  in  a 
load  detecting  circuit  99  depending  upon  a  signal 
from  a  current  sensor  200  to  output  the  result  to 
the  timing  switching  circuit  104.  The  timing  switch- 
ing  circuit  104  is  switched  over  so  as  to  output  the 
signal  from  the  ON  period  setting  timer  101  to  a 
switch  keying  circuit  105  if  the  signal  from  the  load 
detecting  circuit  99  is  a  heavy  load  signal,  and 
output  the  signal  from  the  ON  period  setting  timer 
103  to  the  switch  keying  circuit  105  if  it  is  a  light 
load  signal.  The  switch  keying  circuit  105  receives 
the  ON  signal  from  the  timing  switching  circuit  104 
to  close  the  switch  21  . 

When  the  switch  21  is  closed,  the  ac  power 
supply  1  is  short-circuited  through  a  reactor  2  and 
diode  bridges  4  and  7  (or  diode  bridges  5,  6)  to 
conduct  current,  and  the  current  gradually  in- 
creases.  Subsequently,  the  ON  period  setting  tim- 
ers  101  and  103  output  an  OFF  signals  to  the 
timing  switching  circuit  104.  The  magnitude  of  the 
load  is  decided  in  the  load  detecting  circuit  99 
depending  upon  the  signal  from  the  current  sensor 
200  to  output  the  result  to  the  timing  switching 
circuit  104.  The  timing  switching  circuit  104  is 
switched  over  so  as  to  output  the  signal  from  the 
ON  period  setting  timer  101  to  the  switch  keying 
circuit  105  if  the  signal  from  the  load  detecting 
circuit  99  is  a  heavy  load  signal,  and  output  the 
signal  from  the  ON  period  setting  timer  103  to  the 
switch  keying  circuit  105  if  it  is  a  light  load  signal. 
The  switch  keying  circuit  105  receives  the  OFF 
signal  from  the  timing  switching  circuit  104  to  open 
the  switch  21  . 

When  the  switch  21  is  opened,  the  short-circuit 
current  which  has  been  flowing  in  the  reactor  2 
passes  through  a  diode  13  to  become  charging 
current  in  a  capacitor  9,  and  starts  to  decrease. 

5  Thereafter,  when  the  source  voltage  of  the  ac  pow- 
er  supply  1  is  in  the  vicinity  of  peak  voltage,  the 
diode  bridges  4,  7  (or  the  diode  bridges  5,  6) 
cause  the  charging  current  in  the  capacitor  9  to 
flow  through  the  reactor  2  and  the  diode  13.  In 

io  case  the  overcurrent  detecting  circuit  108  detects 
that  the  signal  from  the  current  sensor  82  is  the 
overcurrent  in  a  condition  where  the  switch  21  is 
closed,  the  overcurrent  detecting  circuit  108  out- 
puts  a  reset  signal  to  the  switching  start  time 

is  setting  timers  100  and  102,  and  to  the  ON  period 
setting  timers  101  and  103.  Consequently,  the  ON 
period  is  terminated  so  that  the  ON  period  setting 
timers  101  and  103  output  the  OFF  signals  through 
the  timing  switching  circuit  104  to  the  switch  key- 

20  ing  circuit  105,  resulting  in  opening  the  switch  21. 
At  this  time,  there  are  provided  timing  charts 

shown  in  Fig.  41.  In  Fig.  41,  (a)  shows  a  source 
voltage  waveform,  (b)  shows  a  zero  cross  detecting 
signal,  (c)  shows  a  switching  start  time  output  sig- 

25  nal,  (d)  shows  the  overcurrent,  (e)  shows  a  switch- 
ing  OFF  signal,  (f)  shows  the  ON  time,  and  (g) 
shows  a  current  waveform  of  the  power  supply. 
When  a  current  value  exceeds  a  given  value  in  Fig. 
41(d),  it  is  decided  that  the  current  is  the  overcur- 

30  rent,  and  therefore  the  OFF  signal  shown  in  Fig. 
41(e)  is  output. 

Embodiment  16 

35  Fig.  42  is  a  circuit  diagram  showing  one  em- 
bodiment  according  to  the  seventh  aspect  of  the 
present  invention.  In  Fig.  42,  reference  numeral 
109  means  a  variable  OFF  timing  generating  circuit 
to  generate  an  OFF  signal  for  a  switch  21  accord- 

40  ing  to  timing  in  synchronization  with  source  volt- 
age,  and  according  to  a  load  condition  detected  by 
a  current  sensor  93,  110  means  a  switch  controlling 
circuit  (switch  controlling  means)  including  a  vari- 
able  ON  timing  generating  circuit  23,  the  variable 

45  OFF  timing  generating  circuit  109,  and  a  switch 
driving  circuit  25,  and  111  is  a  dc  power-supply 
unit. 

A  description  will  now  be  given  of  the  opera- 
tion.  An  ON  timing  generating  circuit  23  outputs  an 

50  ON  signal  through  a  switch  driving  circuit  25  in 
synchronization  with  the  source  voltage  of  an  ac 
power  supply  1.  Accordingly,  the  switch  21  is 
closed  so  that  the  ac  power  supply  1  is  short- 
circuited  through  a  reactor  2  and  diode  bridges  4 

55  and  7  (or  diode  bridges  5,  6)  to  conduct  current, 
and  the  current  gradually  increases.  Subsequently, 
the  variable  OFF  timing  generating  circuit  109  out- 
puts  the  OFF  signal  through  the  switch  driving 
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circuit  25  in  synchronization  with  the  source  volt- 
age,  and  according  to  a  load  condition  detected  by 
the  current  sensor  93,  resulting  in  opening  the 
switch  21.  During  the  switch  21  is  opened,  the 
short-circuit  current  which  has  been  flowing  in  the 
reactor  2  passes  through  a  diode  13  to  become 
charging  current  in  a  capacitor  9  of  a  smoothing 
circuit  8,  and  starts  to  decrease.  Thereafter,  when 
the  source  voltage  of  the  ac  power  supply  1  is  in 
the  vicinity  of  peak  voltage,  the  diode  bridges  4,  7 
(or  the  diode  bridges  5,  6)  cause  the  charging 
current  in  the  capacitor  9  to  flow  through  the  reac- 
tor  2  and  the  diode  13. 

At  this  time,  there  are  provided  a  source  volt- 
age  waveform  of  the  ac  power  supply  1  ,  and  input 
current  waveforms  of  the  dc  power-supply  unit  1  1  1 
under  a  light  load  and  a  heavy  load  as  shown  in 
Fig.  43.  As  seen  from  Fig.  43,  the  operation  is 
controlled  so  as  to  have  an  earlier  OFF  signal 
output  timing  of  the  variable  OFF  timing  generating 
circuit  109  under  a  light  load  than  the  OFF  signal 
output  timing  under  a  heavy  load. 

Fig.  44  is  a  diagram  showing  a  relation  be- 
tween  a  load,  and  the  OFF  signal  output  timing 
serving  as  the  overall  optimal  operating  point  in 
view  of  a  power  factor  and  a  current  higher  har- 
monic  characteristic  in  case  the  ON  timing  generat- 
ing  circuit  23  generates  the  ON  signal  for  the 
switch  21  at  a  certain  time  point  (for  example,  a 
time  point  delayed  by  one-twentieth  of  power  sup- 
ply  period  from  a  zero  crossing  point  of  the  source 
voltage).  In  Fig.  44,  the  transverse  axis  represents 
a  load  normalized  by  rated  load  Po,  and  the  or- 
dinate  axis  represents  the  ON  signal  output  timing 
normalized  by  the  power  supply  period  T0.  In  the 
present  invention,  the  output  timing  of  the  variable 
OFF  timing  generating  circuit  109  can  be  controlled 
according  to  the  load  condition  based  upon  the 
relation  shown  in  Fig.  44.  Further,  it  must  be  noted 
that  the  output  timing  of  the  variable  OFF  timing 
generating  circuit  109  may  be  controlled  according 
to  the  purpose.  That  is,  while  a  particular  weight  is 
given  to  the  power  factor,  the  output  timing  may  be 
controlled  according  to  the  load  condition.  Alter- 
natively,  while  the  particular  weight  is  given  to  the 
current  higher  harmonic  characteristic,  the  output 
timing  may  be  controlled  according  to  the  load 
condition. 

As  in  the  embodiment  1  1  ,  it  must  be  noted  that 
the  present  invention  should  not  be  limited  to  the 
load  current  detecting  means  as  means  for  detect- 
ing  the  magnitude  of  the  load  condition.  For  exam- 
ple,  it  is  also  possible  to  detect  the  magnitude  of 
the  load  condition  by  using  voltage  fluctuation  in  a 
capacitor  9  of  a  smoothing  circuit  8,  or  the  input 
current  of  the  dc  power-supply  unit  111. 

In  addition,  as  in  the  embodiment  1,  it  is  to  be 
understood  that  the  present  invention  should  not  be 

limited  to  the  means  on  the  basis  of  the  zero 
crossing  point  of  the  source  voltage  as  means  for 
obtaining  the  signal  in  synchronization  with  the 
source  voltage  of  the  ac  power  supply  1  . 

5  Besides,  as  in  the  embodiment  1,  it  must  be 
noted  that  the  present  invention  should  not  be 
limited  to  the  arrangement  of  the  reactor  2  and  the 
switch  21  shown  in  Fig.  42.  The  reactor  2  may  be 
disposed  on  the  ac  side  as  shown  in  Fig.  14,  and 

io  both  of  the  reactor  2  and  the  switch  21  may  be 
arranged  on  the  ac  side  as  shown  in  Fig.  15. 
Alternatively,  a  voltage  doubler  rectifier  circuit  may 
be  formed  as  shown  in  Fig.  16.  Further,  the  plural- 
ity  of  reactors  2  may  be  provided  to  serve  as  an 

is  inductive  element. 

Embodiment  17 

The  switch  controlling  circuit  110  shown  in  Fig. 
20  42  may  be  constructed  as  shown  in  Fig.  45.  In  Fig. 

45,  reference  numeral  112  means  a  second  delay 
circuit,  113  means  a  second  transistor  ON/OFF 
circuit,  114  is  a  load  detector  to  convert  the  input 
current  into  electric  energy  consumed  by  a  load, 

25  115  is  a  switching  signal  generator  to  output  a 
switching  signal  in  response  to  a  signal  from  the 
load  detecting  detector  114,  and  116  is  a  signal 
switch. 

A  description  will  now  be  given  of  the  operation 
30  with  reference  to  Fig.  46.  The  delay  circuit  59 

provides  a  signal  Bi  which  is  delayed  by  a  time  ti  1 
from  a  signal  A,  and  the  transistor  ON/OFF  circuit 
61  provides  a  signal  Ci  to  turn  ON  a  switch  21  for 
a  time  interval  The  second  delay  circuit  112 

35  provides  a  signal  B2  which  is  delayed  by  a  time  ti2 
from  the  signal  A,  and  the  second  transistor 
ON/OFF  circuit  113  provides  a  signal  C  to  turn  ON 
the  switch  21  for  a  time  period  t22.  On  the  other 
hand,  the  load  detector  114  outputs  a  signal  P 

40  indicating  the  electric  energy  consumed  by  the 
load  depending  upon  the  input  current.  The  switch- 
ing  signal  generator  115  outputs  a  signal  "Hi"  in 
case  the  signal  P  exceeds  a  predetermined  refer- 
ence  value  Q.  The  signal  switch  116  is  switched 

45  over  to  receive  the  signal  Ci  from  the  transistor 
ON/OFF  circuit  61  when  an  output  signal  R  from 
the  switching  signal  generator  115  is  "Lo,"  or  to 
receive  the  signal  C2  from  the  second  transistor 
ON/OFF  circuit  113  when  the  output  signal  R  is 

50  "Hi."  Thereby,  it  is  possible  to  provide  the  optimal 
power  factor,  and  the  optimal  higher  harmonic  even 
if  the  load  fluctuates. 

Further,  it  is  also  possible  to  provide  third  and 
fourth  delay  circuits  and  transistor  ON/OFF  circuits 

55  so  as  to  perform  a  switching  operation. 
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Embodiment  18 

The  switch  controlling  circuit  110  shown  in  Fig. 
42  may  be  constructed  as  shown  in  Fig.  47.  In  Fig. 
47,  reference  numeral  141  means  a  frequency  de- 
tector  to  detect  frequency  of  a  power  supply  de- 
pending  upon  input  current. 

A  description  will  now  be  given  of  the  operation 
with  reference  to  Fig.  48.  In  Fig.  48,  signals  A,  Bi  , 
B2,  Ci  ,  and  C2  are  provided  by  detecting  a  zero 
point  of  the  input  current  in  the  same  process  as 
that  in  the  embodiment  17.  The  frequency  detector 
141  detects  whether  power  supply  frequency  is  50 
Hz  or  60  Hz,  and  outputs  "Lo"  if  50  Hz,  or  outputs 
"Hi"  if  60  Hz.  The  signal  switch  116  is  switched 
over  to  receive  the  signal  Ci  from  a  transistor 
ON/OFF  circuit  61  if  50  Hz,  and  receive  the  signal 
C2  from  a  second  transistor  ON/OFF  circuit  113  if 
60  Hz.  Thereby,  it  is  possible  to  provide  the  op- 
timal  power  factor,  and  the  optimal  higher  harmonic 
according  to  the  frequency. 

Embodiment  19 

Fig.  49  is  a  circuit  diagram  showing  one  em- 
bodiment  according  to  the  eighth  aspect  of  the 
present  invention.  In  Fig.  49,  reference  numeral 
117  means  a  variable  ON  period  setting  circuit  to 
use  an  output  signal  from  an  ON  timing  generating 
circuit  23  as  a  trigger  so  as  to  set  the  ON  period  of 
a  switch  21  according  to  a  load  condition  detected 
by  a  current  sensor  93,  118  means  a  switch  con- 
trolling  circuit  (switch  controlling  means)  including 
the  ON  timing  generating  circuit  23,  the  variable 
ON  period  setting  circuit  117,  and  the  switch  driv- 
ing  circuit  73,  and  119  is  a  dc  power-supply  unit. 

A  description  will  now  be  given  of  the  opera- 
tion.  The  ON  timing  generating  circuit  23  outputs 
the  ON  signal  in  synchronization  with  the  source 
voltage  of  the  ac  power  supply  1.  Consequently, 
the  variable  ON  period  setting  circuit  117  outputs  a 
signal  output  to  close  the  switch  21  only  for  a 
preset  period  according  to  the  load  condition  de- 
tected  by  the  current  sensor  93  through  the  switch 
driving  circuit  73  to  the  switch  21.  During  the 
switch  21  is  closed,  as  in  the  embodiment  1  de- 
scribed  before,  the  ac  power  supply  1  is  short- 
circuited  through  a  reactor  2  and  diode  bridges  4 
and  7  (or  diode  bridges  5,  6)  to  conduct  current, 
and  the  current  gradually  increases.  Subsequently, 
when  the  ON  period  of  the  switch  21  is  terminated 
to  open  the  switch  21,  the  short-circuit  current 
which  has  been  flowing  in  the  reactor  2  passes 
through  a  diode  13  to  become  charging  current  in 
a  capacitor  9  of  a  smoothing  circuit  8,  and  starts  to 
decrease.  Thereafter,  when  the  source  voltage  of 
the  ac  power  supply  1  is  in  the  vicinity  of  peak 
voltage,  the  diode  bridges  4,  7  (or  the  diode  brid- 

ges  5,  6)  cause  the  charging  current  in  the  capaci- 
tor  9  to  flow  through  the  reactor  2  and  the  diode 
13. 

At  this  time,  there  are  provided  a  source  volt- 
5  age  waveform  of  the  ac  power  supply  1  ,  and  input 

current  waveforms  of  the  dc  power-supply  unit  119 
under  a  light  load  and  a  heavy  load  as  shown  in 
Fig.  50.  As  seen  from  Fig.  50,  the  operation  is 
controlled  so  as  to  have  a  shorter  ON  signal  output 

io  period  of  the  variable  ON  period  setting  circuit  117 
under  a  light  load  than  the  ON  signal  output  period 
under  a  heavy  load. 

Fig.  51  is  a  diagram  showing  a  relation  be- 
tween  a  load,  and  the  ON  signal  output  timing 

is  serving  as  the  overall  optimal  operating  point  in 
view  of  a  power  factor  and  a  current  higher  har- 
monic  characteristic  in  case  the  ON  timing  generat- 
ing  circuit  23  generates  the  ON  signal  for  the 
switch  21  at  a  certain  time  point  (for  example,  a 

20  time  point  which  is  delayed  by  one-twentieth  of 
source  voltage  period  from  a  zero  crossing  point  of 
the  source  voltage).  In  Fig.  51,  the  transverse  axis 
represents  a  load  normalized  by  rated  load  Po,  and 
the  ordinate  axis  represents  the  ON  period  normal- 

25  ized  by  the  power  supply  period  T0.  In  the  present 
invention,  an  ON  signal  output  interval  of  the  vari- 
able  ON  period  setting  circuit  117  can  be  con- 
trolled  according  to  the  load  condition  based  upon 
the  relation  shown  in  Fig.  51.  Further,  it  must  be 

30  noted  that  the  ON  signal  output  interval  of  the 
variable  ON  period  setting  circuit  117  may  be  con- 
trolled  according  to  the  purpose.  That  is,  while  a 
particular  weight  is  given  to  the  power  factor,  the 
ON  signal  output  interval  may  be  controlled  ac- 

35  cording  to  the  load  condition.  Alternatively,  while 
the  particular  weight  is  given  to  the  current  higher 
harmonic,  the  ON  signal  output  interval  may  be 
controlled  according  to  the  load  condition. 

As  in  the  embodiment  1  1  ,  it  must  be  noted  that 
40  the  present  invention  should  not  be  limited  to  the 

load  current  detecting  means  as  means  for  detect- 
ing  the  magnitude  of  the  load  condition.  For  exam- 
ple,  it  is  also  possible  to  detect  the  magnitude  of 
the  load  condition  by  using  voltage  fluctuation  in  a 

45  capacitor  9  of  a  smoothing  circuit  8,  or  the  input 
current  of  the  dc  power-supply  unit  119. 

In  addition,  as  in  the  embodiment  1,  it  is  to  be 
understood  that  the  present  invention  should  not  be 
limited  to  the  means  on  the  basis  of  the  zero 

50  crossing  point  of  the  source  voltage  as  means  for 
obtaining  the  signal  in  synchronization  with  the 
source  voltage  of  the  ac  power  supply  1  . 

Besides,  as  in  the  embodiment  1,  it  must  be 
noted  that  the  present  invention  should  not  be 

55  limited  to  the  arrangement  of  the  reactor  2  and  the 
switch  21  shown  in  Fig.  49.  The  reactor  2  may  be 
disposed  on  the  ac  side  as  shown  in  Fig.  14,  and 
both  of  the  reactor  2  and  the  switch  21  may  be 

22 
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arranged  on  the  ac  side  as  shown  in  Fig.  15. 
Alternatively,  a  voltage  doubler  rectifier  circuit  may 
be  formed  as  shown  in  Fig.  16.  Further,  the  plural- 
ity  of  reactors  2  may  be  provided  to  serve  as  an 
inductive  element. 

Embodiment  20 

The  switch  controlling  circuit  118  shown  in  Fig. 
49  may  be  constructed  as  shown  in  Fig.  52.  A 
delay  circuit  59  to  determine  ti  and  a  transistor 
ON/OFF  circuit  61  to  determine  t2  can  linearly  vary 
ti  ,  t2  in  response  to  an  analog  signal  which  is 
externally  fed.  In  the  embodiment,  ti  ,  t2  are  varied 
by  a  signal  from  the  load  detector  114.  The  signal 
P  from  the  load  detector  114  increases  or  de- 
creases  according  to  electric  energy  consumed  in 
a  load  10  so  that  ti  ,  t2  of  a  delay  circuit  59  and  the 
transistor  ON/OFF  circuit  61  increase  or  decrease. 
That  is,  when  the  signal  P  is  varied  from  P1  to  P2 
as  shown  in  Fig.  51,  ti,  t2  are  similarly  varied  from 
ti  i  to  ti2  ,  and  from  t2i  to  t22.  Thereby,  there  are 
provided  operating  waveforms  as  shown  in  Fig.  53, 
and  it  is  possible  to  provide  the  optimal  power 
factor,  and  the  optimal  higher  harmonic  according 
to  the  electric  energy  consumed  in  the  load  10. 

Embodiment  21 

Fig.  54  is  a  circuit  diagram  showing  one  em- 
bodiment  according  to  the  ninth  aspect  of  the 
present  invention.  In  Fig.  54,  reference  numeral 
120  means  a  variable  short-circuit  current  detecting 
circuit  to  output  an  OFF  signal  for  the  switch  21 
when  an  output  from  a  current  sensor  82  reaches  a 
value  which  is  set  according  to  a  load  condition 
detected  by  a  current  sensor  93,  121  means  a 
switch  controlling  circuit  (switch  controlling  means) 
including  a  ON  timing  generating  circuit  23,  the 
variable  short-circuit  current  detecting  circuit  120, 
and  a  switch  driving  circuit  25,  and  122  is  a  dc 
power-supply  unit. 

A  description  will  now  be  given  of  the  opera- 
tion.  The  ON  timing  generating  circuit  23  outputs 
an  ON  timing  signal  through  the  switch  driving 
circuit  25  in  synchronization  with  the  source  volt- 
age  of  an  ac  power  supply  1.  Consequently,  the 
switch  21  is  closed  so  that  the  ac  power  supply  1 
is  short-circuited  through  a  reactor  2  and  diode 
bridges  4  and  7  (or  diode  bridges  5,  6)  to  conduct 
current,  and  the  current  gradually  increases.  When 
the  short-circuit  current  increases  and  reaches  the 
value  which  is  set  according  to  the  load  condition 
detected  by  the  current  sensor  93,  the  variable 
short-circuit  current  detecting  circuit  120  outputs 
the  OFF  signal  for  the  switch  21  through  the  switch 
driving  circuit  25  to  open  the  switch  21.  Accord- 
ingly,  the  short-circuit  current  which  has  been  flow- 

ing  in  the  reactor  2  passes  through  a  diode  13  to 
become  charging  current  in  a  capacitor  9  of  a 
smoothing  circuit  8,  and  starts  to  decrease.  There- 
after,  when  the  source  voltage  of  the  ac  power 

5  supply  1  is  in  the  vicinity  of  peak  voltage,  the  diode 
bridges  4,  7  (or  the  diode  bridges  5,  6)  cause  the 
charging  current  in  the  capacitor  9  to  flow  through 
the  reactor  2  and  the  diode  13. 

At  this  time,  there  are  provided  a  source  volt- 
io  age  waveform  of  the  ac  power  supply  1  ,  and  input 

current  waveforms  of  the  dc  power-supply  unit  122 
under  a  light  load  and  a  heavy  load  as  shown  in 
Fig.  55.  As  seen  from  Fig.  55,  the  operation  is 
controlled  so  as  to  have  a  lower  short-circuit  cur- 

15  rent  setting  level  of  the  variable  short-circuit  current 
detecting  circuit  102  under  a  light  load  than  the 
short-circuit  current  setting  level  under  a  heavy 
load. 

Fig.  56  is  a  diagram  showing  a  relation  be- 
20  tween  a  load,  and  a  short-circuit  current  level  serv- 

ing  as  the  overall  optimal  operating  point  in  view  of 
a  power  factor  and  a  higher  harmonic  characteristic 
in  case  the  ON  timing  generating  circuit  23  gen- 
erates  the  ON  signal  for  the  switch  21  at  a  certain 

25  time  point  in  synchronization  with  the  source  volt- 
age  of  the  ac  power  supply  1  (for  example,  a  time 
point  which  is  delayed  by  one-twentieth  of  source 
voltage  period  from  a  zero  crossing  point  of  the 
source  voltage).  In  Fig.  56,  the  transverse  axis 

30  represents  a  load  normalized  by  rated  load  Po,  and 
the  ordinate  axis  represents  the  short-circuit  current 
setting  level  normalized  by  average  current  IAvg 
under  the  maximum  load.  In  the  present  invention, 
the  short-circuit  current  setting  level  of  the  variable 

35  short-circuit  current  detecting  circuit  120  can  be 
controlled  according  to  the  load  condition  based 
upon  the  relation  shown  in  Fig.  56.  Further,  it  must 
be  noted  that  the  short-circuit  current  setting  level 
of  the  variable  short-circuit  current  detecting  circuit 

40  120  may  be  controlled  according  to  the  purpose. 
That  is,  while  a  particular  weight  is  given  to  the 
power  factor,  the  short-circuit  current  setting  level 
may  be  controlled  according  to  the  load  condition. 
Alternatively,  while  the  particular  weight  is  given  to 

45  the  current  higher  harmonic,  the  short-circuit  cur- 
rent  setting  level  may  be  controlled  according  to 
the  load  condition. 

As  in  the  embodiment  1  1  ,  it  must  be  noted  that 
the  present  invention  should  not  be  limited  to  the 

50  load  current  detecting  means  as  means  for  detect- 
ing  the  magnitude  of  the  load  condition.  For  exam- 
ple,  it  is  also  possible  to  detect  the  magnitude  of 
the  load  condition  by  using  voltage  fluctuation  in  a 
capacitor  9  of  a  smoothing  circuit  8,  or  the  input 

55  current  of  the  dc  power-supply  unit  122. 
In  addition,  as  in  the  embodiment  1,  it  is  to  be 

understood  that  the  present  invention  should  not  be 
limited  to  the  means  on  the  basis  of  the  zero 

23 
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crossing  point  of  the  source  voltage  as  means  for 
obtaining  the  signal  in  synchronization  with  the 
source  voltage  of  the  ac  power  supply  1  . 

Besides,  as  in  the  embodiment  1,  it  must  be 
noted  that  the  present  invention  should  not  be 
limited  to  the  arrangement  of  the  reactor  2  and  the 
switch  21  shown  in  Fig.  54.  The  reactor  2  may  be 
disposed  on  the  ac  side  as  shown  in  Fig.  14,  and 
both  of  the  reactor  2  and  the  switch  21  may  be 
arranged  on  the  ac  side  as  shown  in  Fig.  15. 
Alternatively,  a  voltage  doubler  rectifier  circuit  may 
be  formed  as  shown  in  Fig.  16.  Further,  the  plural- 
ity  of  reactors  2  may  be  provided  to  serve  as  an 
inductive  element. 

Embodiment  22 

Fig.  57  is  a  circuit  diagram  showing  one  em- 
bodiment  according  to  the  tenth  aspect  of  the 
present  invention.  In  Fig.  57,  reference  numeral 
123  means  a  switch  controlling  circuit  (switch  con- 
trolling  means)  including  a  variable  ON  timing  gen- 
erating  circuit  94,  a  variable  OFF  timing  generating 
circuit  109,  and  a  switch  driving  circuit  25,  and  124 
means  a  dc  power-supply  unit. 

A  description  will  now  be  given  of  the  opera- 
tion.  The  variable  ON  timing  generating  circuit  94 
outputs  an  ON  signal  through  the  switch  driving 
circuit  25  in  synchronization  with  source  voltage  of 
an  ac  power  supply  1,  and  according  to  a  load 
condition  detected  by  the  current  sensor  93.  Con- 
sequently,  the  switch  21  is  closed  so  that  the  ac 
power  supply  1  is  short-circuited  through  a  reactor 
2  and  diode  bridges  4  and  7  (or  diode  bridges  5,  6) 
to  conduct  current,  and  the  current  gradually  in- 
creases.  Subsequently,  the  variable  OFF  timing 
generating  circuit  109  outputs  a  OFF  signal  through 
the  switch  driving  circuit  25  in  synchronization  with 
the  source  voltage  and  according  to  the  load  con- 
dition  detected  by  the  current  sensor  93,  resulting 
in  opening  the  switch  21.  The  short-circuit  current 
which  has  been  flowing  in  the  reactor  2  passes 
through  a  diode  13  to  become  charging  current  in 
a  capacitor  9  of  a  smoothing  circuit  8,  and  starts  to 
decrease.  Thereafter,  when  the  source  voltage  of 
the  ac  power  supply  1  is  in  the  vicinity  of  peak 
voltage,  the  diode  bridges  4,  7  (or  the  diode  brid- 
ges  5,  6)  cause  the  charging  current  in  the  capaci- 
tor  9  to  flow  through  the  reactor  2  and  the  diode 
13. 

At  this  time,  there  are  provided  a  source  volt- 
age  waveform  of  the  ac  power  supply  1  ,  and  input 
current  waveforms  of  the  dc  power-supply  unit  124 
under  a  light  load  and  a  heavy  load  as  shown  in 
Fig.  58.  In  the  present  invention,  each  output  timing 
of  the  variable  ON  timing  generating  circuit  94  and 
the  variable  OFF  timing  generating  circuit  109  can 
be  controlled  according  to  the  load  condition  so  as 

to  provide  the  overall  optimal  operating  point  in 
view  of  a  power  factor  and  a  current  higher  har- 
monic  characteristic.  Further,  it  must  be  noted  that 
the  output  timing  of  the  variable  ON  timing  generat- 

5  ing  circuit  94  and  the  variable  OFF  timing  generat- 
ing  circuit  109  may  be  controlled  according  to  the 
purpose.  That  is,  while  a  particular  weight  is  given 
to  the  power  factor,  the  output  timing  may  be 
controlled  according  to  the  load  condition.  Alter- 

io  natively,  while  the  particular  weight  is  given  to  the 
current  higher  harmonic  characteristic,  the  output 
timing  may  be  controlled  according  to  the  load 
condition. 

As  in  the  embodiment  1  1  ,  it  must  be  noted  that 
is  the  present  invention  should  not  be  limited  to  the 

load  current  detecting  means  as  means  for  detect- 
ing  the  magnitude  of  the  load  condition.  For  exam- 
ple,  it  is  also  possible  to  detect  the  magnitude  of 
the  load  condition  by  using  voltage  fluctuation  in  a 

20  capacitor  9  of  a  smoothing  circuit  8,  or  the  input 
current  of  the  dc  power-supply  unit  124. 

In  addition,  as  in  the  embodiment  1,  it  is  to  be 
understood  that  the  present  invention  should  not  be 
limited  to  the  means  on  the  basis  of  the  zero 

25  crossing  point  of  the  source  voltage  as  means  for 
obtaining  the  signal  in  synchronization  with  the 
source  voltage  of  the  ac  power  supply  1  . 

Besides,  as  in  the  embodiment  1,  it  must  be 
noted  that  the  present  invention  should  not  be 

30  limited  to  the  arrangement  of  the  reactor  2  and  the 
switch  21  shown  in  Fig.  57.  The  reactor  2  may  be 
disposed  on  the  ac  side  as  shown  in  Fig.  14,  and 
both  of  the  reactor  2  and  the  switch  21  may  be 
arranged  on  the  ac  side  as  shown  in  Fig.  15. 

35  Alternatively,  a  voltage  doubler  rectifier  circuit  may 
be  formed  as  shown  in  Fig.  16.  Further,  the  plural- 
ity  of  reactors  2  may  be  provided  to  serve  as  an 
inductive  element. 

40  Embodiment  23 

Fig.  59  is  a  circuit  diagram  showing  one  em- 
bodiment  according  to  the  eleventh  aspect  of  the 
present  invention.  In  Fig.  59,  reference  numeral 

45  125  means  a  switch  controlling  circuit  (switch  con- 
trolling  means)  including  a  variable  ON  timing  gen- 
erating  circuit  94,  a  variable  ON  period  setting 
circuit  117,  and  a  switch  driving  circuit  73,  and  126 
means  a  dc  power-supply  unit. 

50  A  description  will  now  be  given  of  the  opera- 
tion.  The  variable  ON  timing  generating  circuit  94 
outputs  a  ON  signal  in  synchronization  with  the 
source  voltage  of  an  ac  power  supply  1,  and  ac- 
cording  to  a  load  condition  detected  by  the  current 

55  sensor  93.  Consequently,  the  variable  ON  period 
setting  circuit  117  outputs  a  signal  output  to  close 
a  switch  21  only  for  a  preset  period  which  is  set 
according  to  the  load  condition  detected  by  the 

24 
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current  sensor  93  through  the  switch  driving  circuit 
73  to  the  switch  21.  During  the  switch  21  is  closed, 
as  in  the  embodiment  1  described  before,  the  ac 
power  supply  1  is  short-circuited  through  a  reactor 
2  and  diode  bridges  4  and  7  (or  diode  bridges  5,  6) 
to  conduct  current,  and  the  current  gradually  in- 
creases.  Subsequently,  when  the  ON  period  of  the 
switch  21  is  terminated  to  open  the  switch  21,  the 
short-circuit  current  which  has  been  flowing  in  the 
reactor  2  passes  through  the  diode  13  to  become 
charging  current  in  a  capacitor  9  of  a  smoothing 
circuit  8,  and  starts  to  decrease.  Thereafter,  when 
the  source  voltage  of  the  ac  power  supply  1  is  in 
the  vicinity  of  peak  voltage,  the  diode  bridges  4,  7 
(or  the  diode  bridges  5,  6)  cause  the  charging 
current  in  the  capacitor  9  to  flow  through  the  reac- 
tor  2  and  the  diode  13. 

At  this  time,  as  in  the  embodiment  1  ,  there  are 
provided  a  source  voltage  waveform  of  the  ac 
power  supply  1  ,  and  input  current  waveforms  of  the 
dc  power-supply  unit  126  under  a  light  load  and  a 
heavy  load  as  shown  in  Fig.  58.  In  the  present 
invention,  each  output  timing  of  the  variable  ON 
timing  generating  circuit  94  and  the  variable  ON 
period  setting  circuit  117  can  be  controlled  accord- 
ing  to  the  load  condition  so  as  to  provide  the 
overall  optimal  operating  point  in  view  of  a  power 
factor  and  a  current  higher  harmonic  characteristic. 
Further,  it  must  be  noted  that  the  output  timing  of 
the  variable  ON  timing  generating  circuit  94  and 
the  variable  ON  period  setting  circuit  117  may  be 
controlled  according  to  the  purpose.  That  is,  while 
a  particular  weight  is  given  to  the  power  factor,  the 
output  timing  may  be  controlled  according  to  the 
load  condition.  Alternatively,  while  the  particular 
weight  is  given  to  the  current  higher  harmonic,  the 
output  timing  may  be  controlled  according  to  the 
load  condition. 

As  in  the  embodiment  1  1  ,  it  must  be  noted  that 
the  present  invention  should  not  be  limited  to  the 
load  current  detecting  means  as  means  for  detect- 
ing  the  magnitude  of  the  load  condition.  For  exam- 
ple,  it  is  also  possible  to  detect  the  magnitude  of 
the  load  condition  by  using  voltage  fluctuation  in 
the  capacitor  9  of  the  smoothing  circuit  8,  or  the 
input  current  of  the  dc  power-supply  unit  126. 

In  addition,  as  in  the  embodiment  1,  it  is  to  be 
understood  that  the  present  invention  should  not  be 
limited  to  the  means  on  the  basis  of  the  zero 
crossing  point  of  the  source  voltage  as  means  for 
obtaining  the  signal  in  synchronization  with  the 
source  voltage  of  the  ac  power  supply  1  . 

Besides,  as  in  the  embodiment  1,  it  must  be 
noted  that  the  present  invention  should  not  be 
limited  to  the  arrangement  of  the  reactor  2  and  the 
switch  21  shown  in  Fig.  59.  The  reactor  2  may  be 
disposed  on  the  ac  side  as  shown  in  Fig.  14,  and 
both  of  the  reactor  2  and  the  switch  21  may  be 

arranged  on  the  ac  side  as  shown  in  Fig.  15. 
Alternatively,  a  voltage  doubler  rectifier  circuit  may 
be  formed  as  shown  in  Fig.  16.  Further,  the  plural- 
ity  of  reactors  2  may  be  provided  to  serve  as  an 

5  inductive  element. 

Embodiment  24 

Fig.  60  is  a  circuit  diagram  showing  one  em- 
io  bodiment  according  to  the  twelfth  aspect  of  the 

present  invention.  In  Fig.  60,  reference  numeral 
127  means  a  switch  controlling  circuit  (switch  con- 
trolling  means)  including  a  variable  ON  timing  gen- 
erating  circuit  94,  a  variable  short-circuit  current 

is  detecting  circuit  120,  and  a  switch  driving  circuit 
25,  and  128  means  a  dc  power-supply  unit. 

A  description  will  now  be  given  of  the  opera- 
tion.  The  variable  ON  timing  generating  circuit  94 
outputs  a  ON  signal  through  the  switch  driving 

20  circuit  25  in  synchronization  with  the  source  volt- 
age  of  an  ac  power  supply  1,  and  according  to  a 
load  condition  detected  by  a  current  sensor  93. 
Consequently,  the  switch  21  is  closed  so  that  the 
ac  power  supply  1  is  short-circuited  through  a 

25  reactor  2  and  the  diode  bridges  4  and  7  (or  the 
diode  bridges  5,  6)  to  conduct  current,  and  the 
current  gradually  increases.  When  the  short-circuit 
current  increases  and  reaches  a  value  which  is  set 
according  to  the  load  condition  detected  by  the 

30  current  sensor  93,  the  variable  short-circuit  current 
detecting  circuit  120  outputs  a  OFF  signal  for  the 
switch  21  through  the  switch  driving  circuit  25  to 
open  the  switch  21.  Accordingly,  the  short-circuit 
current  which  has  been  flowing  in  the  reactor  2 

35  passes  through  a  diode  13  to  become  charging 
current  in  a  capacitor  9  of  a  smoothing  circuit  8, 
and  starts  to  decrease.  Thereafter,  when  the  source 
voltage  of  the  ac  power  supply  1  is  in  the  vicinity 
of  peak  voltage,  the  diode  bridges  4,  7  (or  the 

40  diode  bridges  5,  6)  cause  the  charging  current  in 
the  capacitor  9  to  flow  through  the  reactor  2  and 
the  diode  13. 

At  this  time,  as  in  the  embodiment  22,  there 
are  provided  a  source  voltage  waveform  of  the  ac 

45  power  supply  1  ,  and  input  current  waveforms  of  the 
dc  power-supply  unit  128  under  a  light  load  and  a 
heavy  load  as  shown  in  Fig.  52.  In  the  present 
invention,  each  output  timing  of  the  variable  ON 
timing  generating  circuit  94  and  a  short-circuit  cur- 

50  rent  setting  level  of  the  variable  short-circuit  current 
detecting  circuit  120  can  be  controlled  according  to 
the  load  condition  so  as  to  provide  the  overall 
optimal  operating  point  in  view  of  a  power  factor 
and  a  current  higher  harmonic  characteristic.  Fur- 

55  ther,  it  must  be  noted  that  the  output  timing  of  the 
variable  ON  timing  generating  circuit  94  and  the 
short-circuit  current  setting  level  of  the  variable 
short-circuit  current  detecting  circuit  120  may  be 

25 
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controlled  according  to  the  purpose.  That  is,  while 
a  particular  weight  is  given  to  the  power  factor,  the 
output  timing  and  the  short-circuit  current  setting 
level  may  be  controlled  according  to  the  load  con- 
dition.  Alternatively,  while  the  particular  weight  is 
given  to  the  current  higher  harmonic,  the  output 
timing  and  the  short-circuit  current  setting  level 
may  be  controlled  according  to  the  load  condition. 

As  in  the  embodiment  1  1  ,  it  must  be  noted  that 
the  present  invention  should  not  be  limited  to  the 
load  current  detecting  means  as  means  for  detect- 
ing  the  magnitude  of  the  load  condition.  For  exam- 
ple,  it  is  also  possible  to  detect  the  magnitude  of 
the  load  condition  by  using  voltage  fluctuation  in 
the  capacitor  9  of  the  smoothing  circuit  8,  or  the 
input  current  of  the  dc  power-supply  unit  128. 

In  addition,  as  in  the  embodiment  1,  it  is  to  be 
understood  that  the  present  invention  should  not  be 
limited  to  the  means  on  the  basis  of  the  zero 
crossing  point  of  the  source  voltage  as  means  for 
obtaining  the  signal  in  synchronization  with  the 
source  voltage  of  the  ac  power  supply  1  . 

Besides,  as  in  the  embodiment  1,  it  must  be 
noted  that  the  present  invention  should  not  be 
limited  to  the  arrangement  of  the  reactor  2  and  the 
switch  21  shown  in  Fig.  60.  The  reactor  2  may  be 
disposed  on  the  ac  side  as  shown  in  Fig.  14,  and 
both  of  the  reactor  2  and  the  switch  21  may  be 
arranged  on  the  ac  side  as  shown  in  Fig.  15. 
Alternatively,  a  voltage  doubler  rectifier  circuit  may 
be  formed  as  shown  in  Fig.  16.  Further,  the  plural- 
ity  of  reactors  2  may  be  provided  to  serve  as  an 
inductive  element. 

Embodiment  25 

The  above  embodiments  1  to  23  have  been 
described  with  reference  to  the  reactor  2  serving  as 
the  inductive  element  with  a  given  inductance. 
However,  the  reactor  2  may  be  provided  to  have  a 
plurality  of  variable  inductance. 

For  example,  as  shown  in  Fig.  61,  the  reactor  2 
may  be  provided  with  tap  terminals  127  and  128  so 
as  to  trigger  a  thyristor  129  such  that  the  reactor  2 
can  have  a  greater  inductance  under  a  light  load, 
and  trigger  a  thyristor  130  such  that  the  reactor  2 
can  have  a  less  inductance  under  a  heavy  load, 
resulting  in  the  variable  inductance. 

At  this  time,  there  are  provided  a  source  volt- 
age  waveform  of  the  ac  power  supply  1  ,  and  input 
current  waveforms  of  the  dc  power-supply  unit  131 
under  the  light  load  and  the  heavy  load  as  shown 
in,  for  example,  Fig.  62.  Hence,  it  is  possible  to 
reduce  a  delay  time  Td  froma  zero  crossing  point 
of  the  source  voltage  and  a  conducting  time  Ton  of 
the  switch  21,  or  variation  of  an  OFF  timing  t0ft 
even  if  the  load  fluctuates. 

Embodiment  26 

Fig.  63  is  a  circuit  diagram  showing  one  em- 
bodiment  according  to  the  thirteenth  and  fourteenth 

5  aspects  of  the  present  invention.  In  Fig.  63,  refer- 
ence  numeral  132  means  a  power  factor  detector 
(correcting  means)  to  calculate  a  power  factor  de- 
pending  upon  input  current  and  source  voltage, 
and  133  means  a  computing  element  (correcting 

io  means)  to  correct  a  delay  time  set  in  a  delay  circuit 
59  and  an  ON  signal  output  time  in  a  transistor 
ON/OFF  circuit  61  by  comparing  the  calculated 
power  factor  with  a  power  factor  command  value 
which  is  externally  fed. 

is  In  Fig.  64,  in  case  a  signal  COS0  from  the 
power  factor  detector  132  becomes  greater  or  less 
than  the  command  value  COS0*,  an  output  from  the 
computing  element  133  is  increased  or  decreased 
to  vary  values  of  ti  and  t2  in  order  to  correct  the 

20  power  factor  of  the  source  voltage  so  as  to  cor- 
respond  to  the  command  value.  Thereby,  it  is  pos- 
sible  to  continuously  provide  the  optimal  power 
factor  according  to  the  power  factor  command  val- 
ue. 

25 
Embodiment  27 

Fig.  65  is  a  circuit  diagram  showing  one  em- 
bodiment  according  to  the  fifteenth  and  sixteenth 

30  aspects  of  the  present  invention.  In  Fig.  65,  refer- 
ence  numeral  135  means  a  relative  harmonic  con- 
tent  detector  (correcting  means)  to  calculate  a  rela- 
tive  harmonic  content  depending  upon  input  cur- 
rent,  and  136  means  a  computing  element  (correct- 

35  ing  means)  to  correct  a  delay  time  set  in  a  delay 
circuit  59  and  an  ON  signal  output  time  in  a  tran- 
sistor  ON/OFF  circuit  61  by  comparing  the  cal- 
culated  relative  harmonic  content  with  a  relative 
harmonic  content  command  value  which  is  exter- 

40  nally  fed. 
In  Fig.  66,  in  case  a  signal  H  from  the  relative 

harmonic  content  detector  135  becomes  greater  or 
less  than  the  command  value  H*,  an  output  from 
the  computing  element  136  is  increased  or  de- 

45  creased  to  vary  values  of  ti  and  t2  in  order  to 
correct  the  relative  harmonic  content  of  the  source 
voltage  so  as  to  correspond  to  the  command  value. 
Thereby,  it  is  possible  to  continuously  provide  the 
optimal  relative  harmonic  content  according  to  the 

50  command  value  of  the  relative  harmonic  content. 

Embodiment  28 

Fig.  67  is  a  circuit  diagram  showing  one  em- 
55  bodiment  according  to  the  seventeenth  and  eigh- 

teenth  aspects  of  the  present  invention.  In  Fig.  67, 
reference  numeral  138  means  a  waveform  distor- 
tion  detector  (correcting  means)  to  calculate 

26 
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waveform  distortion  depending  upon  input  current, 
and  139  means  a  computing  element  (correcting  - 
means)  to  correct  a  delay  time  set  in  a  delay  circuit 
59  and  an  ON  signal  output  time  in  a  transistor 
ON/OFF  circuit  61  by  comparing  the  calculated 
waveform  distortion  with  a  waveform  distortion 
command  value  which  is  externally  fed. 

In  Fig.  68,  in  case  a  signal  W  from  the 
waveform  distortion  detector  138  becomes  greater 
or  less  than  the  command  value  W*,  an  output  from 
the  computing  element  139  is  increased  or  de- 
creased  to  vary  values  of  ti  and  t2  in  order  to 
correct  the  waveform  distortion  of  the  power  supply 
so  as  to  correspond  to  the  command  value.  There- 
by,  it  is  possible  to  continuously  provide  the  op- 
timal  waveform  distortion  according  to  the 
waveform  distortion  command  value. 

Embodiment  29 

Fig.  69  is  a  circuit  diagram  showing  one  em- 
bodiment  according  to  the  nineteenth  and  twentieth 
aspects  of  the  present  invention. 

As  in  the  embodiment  26,  a  time  ti  is  varied  to 
derive  the  optimal  power  factor  from  a  power  factor 
detector  132  and  a  computing  element  133.  As  in 
the  embodiment  27,  a  time  t2  is  varied  to  derive 
the  optimal  relative  harmonic  content  from  a  rela- 
tive  harmonic  content  detector  135  and  a  comput- 
ing  element  136.  Thereby,  it  is  possible  to  control 
so  as  to  provide  the  optimal  power  factor  and  the 
optimal  relative  harmonic  content.  Alternatively,  the 
time  t2  may  inversely  be  controlled  by  the  power 
factor,  and  the  time  ti  may  be  controlled  by  the 
relative  harmonic  content.  This  alternative  embodi- 
ment  is  shown  in  Fig.  70. 

Embodiment  30 

Fig.  71  is  a  circuit  diagram  showing  one  em- 
bodiment  according  to  the  twenty-first  aspect  of  the 
present  invention.  In  Fig.  71,  reference  numeral 
144  means  an  overvoltage  detector  (overvoltage 
detecting  means)  to  detect  overvoltage  from  dc 
output  voltage,  and  145  means  a  cutoff  circuit  to 
cut  off  a  driving  signal  for  a  transistor. 

A  description  will  now  be  given  of  the  operation 
with  reference  to  Fig.  72.  As  in  the  above  embodi- 
ment,  a  switch  21  is  turned  ON  according  to  timing 
delayed  by  ti  from  a  time  point  at  which  the  input 
current  becomes  zero.  On  the  other  hand,  the 
overvoltage  detector  1  44  detects  dc  output  voltage 
x.  When  the  dc  output  voltage  x  exceeds  a  thresh- 
old  y,  an  output  z  from  the  overvoltage  detector 
144  is  switched  over  from  "Lo"  to  "Hi."  The  cutoff 
circuit  145  outputs  an  output  signal  C  from  a  tran- 
sistor  ON/OFF  circuit  61  when  the  output  z  from 
the  overvoltage  detector  144  is  "Lo."  However, 

when  the  output  z  from  the  overvoltage  detector 
144  is  "Hi,"  the  cutoff  circuit  145  outputs  a  signal 
to  turn  OFF  a  transistor  even  if  the  output  C  from 
the  transistor  ON/OFF  circuit  61  takes  any  value.  It 

5  is  thereby  possible  to  avoid  destruction  of  a  load 
10  due  to  excessive  dc  output  voltage. 

Embodiment  31 

io  Fig.  73  is  a  circuit  diagram  showing  another 
embodiment  according  to  the  twenty-first  aspect  of 
the  present  invention. 

A  description  will  now  be  given  of  the  opera- 
tion.  Switching  start  time  setting  timers  100  and 

is  102  output  ON  signals  in  synchronization  with 
source  voltage  of  an  ac  power  supply  1  to  actuate 
ON  period  setting  timers  101  and  103  so  as  to 
output  the  ON  signals  to  a  timing  switching  circuit 
104.  The  magnitude  of  the  load  is  decided  in  a 

20  load  detecting  circuit  99  depending  upon  the  signal 
from  a  current  sensor  200  to  output  the  result  to 
the  timing  switching  circuit  104.  The  timing  switch- 
ing  circuit  104  is  switched  over  so  as  to  output  the 
signal  from  the  ON  period  setting  timer  101  to  the 

25  switch  keying  circuit  105  if  the  signal  from  the  load 
detecting  circuit  99  is  a  heavy  load  signal,  and 
output  the  signal  from  the  ON  period  setting  timer 
103  to  the  switch  keying  circuit  105  if  it  is  a  light 
load  signal.  The  switch  keying  circuit  105  receives 

30  the  ON  signal  from  the  timing  switching  circuit  104 
to  close  the  switch  21  . 

When  the  switch  21  is  closed,  the  ac  power 
supply  1  is  short-circuited  through  a  reactor  2  and 
diode  bridges  4  and  7  (or  diode  bridges  5,  6)  to 

35  conduct  current,  and  the  current  gradually  in- 
creases.  Subsequently,  the  ON  period  setting  tim- 
ers  101  and  103  output  the  OFF  signals  to  the 
timing  switching  circuit  104.  The  magnitude  of  the 
load  is  decided  in  the  load  detecting  circuit  99 

40  depending  upon  the  signal  from  the  current  sensor 
200  to  output  the  result  to  the  timing  switching 
circuit  104.  The  timing  switching  circuit  104  is 
switched  over  so  as  to  output  the  signal  from  the 
ON  period  setting  timer  101  to  the  switch  keying 

45  circuit  105  if  the  signal  from  the  load  detecting 
circuit  99  is  a  heavy  load  signal,  and  output  the 
signal  from  the  ON  period  setting  timer  103  to  the 
switch  keying  circuit  105  if  it  is  a  light  load  signal. 
The  switch  keying  circuit  105  receives  the  OFF 

50  signal  from  the  timing  switching  circuit  104  to  open 
the  switch  21  . 

When  the  switch  21  is  opened,  the  short-circuit 
current  which  has  been  flowing  in  the  reactor  2 
passes  through  a  diode  13  to  become  charging 

55  current  in  a  capacitor  9,  and  starts  to  decrease. 
Thereafter,  when  the  source  voltage  of  the  ac  pow- 
er  supply  1  is  in  the  vicinity  of  peak  voltage,  the 
diode  bridges  4,  7  (or  the  diode  bridges  5,  6) 

27 
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cause  the  charging  current  in  the  capacitor  9  to 
flow  through  the  reactor  2  and  the  diode  13.  In 
case  the  overvoltage  detecting  circuit  144  detects 
that  the  dc  voltage  across  the  capacitor  9  is  the 
overvoltage  in  a  condition  where  the  switch  21  is 
closed,  the  overvoltage  detecting  circuit  144  out- 
puts  a  reset  signal  to  the  switching  start  time 
setting  timers  100  and  102,  and  to  the  ON  period 
setting  timers  101  and  103.  Consequently,  the  ON 
period  is  terminated  so  that  the  ON  period  setting 
timers  101  and  103  output  the  OFF  signals  through 
the  timing  switching  circuit  104  to  the  switch  key- 
ing  circuit  105,  resulting  in  opening  the  switch  21. 

At  this  time,  there  are  provided  timing  charts 
shown  in  Fig.  74.  In  Fig.  74,  (a)  shows  a  source 
voltage  waveform,  (b)  shows  a  zero  cross  detecting 
signal,  (c)  shows  a  switching  start  time  output  sig- 
nal,  (d)  shows  the  overvoltage,  (e)  shows  a  switch- 
ing  OFF  signal,  (f)  shows  an  ON  time,  and  (g) 
shows  a  current  waveform  of  a  power  supply.  In 
Fig.  74(d),  in  case  the  dc  voltage  exceeds  a  given 
value,  it  is  decided  that  the  dc  voltage  is  the 
overvoltage,  and  the  OFF  signal  shown  in  Fig.  74- 
(e)  is  output. 

Embodiment  32 

Fig.  75  is  a  circuit  diagram  showing  one  em- 
bodiment  according  to  the  twenty-second  aspect  of 
the  present  invention.  In  Fig.  75,  reference  numeral 
147  means  a  PWM  signal  generating  circuit  to 
output  a  PWM  signal  having  a  constant  width,  148 
means  a  driving  time  deciding  circuit  to  output  a 
signal  C  to  set  "Lo"  only  for  a  time  period  t2  after  a 
time  when  a  signal  B  becomes  "Lo,"  and  149  is  a 
switch  controlling  circuit  (switch  controlling  means). 

A  description  will  now  be  given  of  the  operation 
with  reference  to  Fig.  76.  In  Fig.  76,  a  zero  point 
detected  by  the  zero  point  detecting  circuit  58  is  a 
signal  A.  The  signal  B  is  delayed  by  a  time  ti  from 
the  signal  A  to  become  "Lo."  The  signal  C  is  kept 
"Lo"  only  for  the  predetermined  time  t2  after  the 
signal  B  becomes  "Lo."  A  signal  D  is  a  continu- 
ously  generating  PWM  signal,  and  the  signal  D  is 
output  as  a  control  signal  E  for  the  switch  21  when 
the  signal  C  is  "Lo."  The  driving  signal  E  for  the 
switch  21  turns  ON  the  switch  21  when  "Hi,"  and 
turns  OFF  the  switch  21  when  "Lo." 

As  set  forth  above,  the  reactor  2  serves  as  a 
load  10  to  increase  input  current  when  the  switch 
21  is  ON,  and  accumulated  energy  in  the  reactor  2 
is  discharged  when  the  switch  21  is  OFF,  resulting 
in  damped  conduction.  Thereafter,  during  the 
switch  21  is  left  OFF,  current  is  fed  to  a  capacitor  9 
and  the  load  10  from  the  ac  power  supply  1  as  in 
the  conventional  rectifier  circuit  3.  Therefore,  in 
case  sufficient  current  can  not  be  fed  to  the  capaci- 
tor  9  and  the  load  10,  the  input  current  flows  from 

the  ac  power  supply  1  again.  As  a  result,  the  ac 
input  current  ls  shown  in  Fig.  76  flows  in  the  circuit 
shown  in  Fig.  75,  and  it  is  possible  to  avoid  dis- 
continuous  input  current,  improve  a  power  factor, 

5  and  reduce  higher  harmonic. 

Embodiment  33 

Fig.  77  is  a  circuit  diagram  showing  another 
io  embodiment  according  to  the  twenty-second  as- 

pect  of  the  present  invention.  In  Fig.  77,  reference 
numeral  150  means  a  variable  width  PWM  signal 
generating  circuit  to  output  PWM  signal  having  a 
variable  width,  and  151  means  a  switch  controlling 

15  circuit. 
A  description  will  now  be  given  of  the  operation 

with  reference  to  Fig.  78.  In  the  operation,  the 
variable  width  PWM  signal  generating  circuit  150 
outputs  the  PWM  signal  D  whose  pulse  width  be- 

20  comes  narrower  from  a  zero  point  signal  with  the 
passage  of  time  in  a  predetermined  way.  There- 
fore,  a  control  signal  for  the  switch  21  is  provided 
to  form  a  signal  E,  and  it  is  possible  to  provide 
more  effective  control  of  the  output  voltage,  and  of 

25  the  higher  harmonic  or  the  power  factor  than  that  in 
the  embodiment  32. 

Embodiment  34 

30  Fig.  79  is  a  circuit  diagram  showing  another 
embodiment  according  to  the  twenty-second  as- 
pect  of  the  present  invention.  In  Fig.  79,  reference 
numeral  152  means  a  triangular  carrier  generating 
circuit  to  generate  a  triangular  carrier,  153  means  a 

35  command  signal  generating  circuit  to  provide  a 
command  value  in  synchronization  with  the  source 
voltage,  154  is  a  comparator,  and  155  is  a  switch 
controlling  circuit. 

A  description  will  now  be  given  of  the  operation 
40  with  reference  to  Fig.  80.  In  Fig.  80,  the  command 

signal  generating  circuit  153  outputs  a  signal  hav- 
ing  sine-wave  shown  by  F  in  synchronization  with 
the  source  voltage.  A  signal  G  is  an  output  from 
the  triangular  carrier  generating  circuit  152,  and  is 

45  decided  in  the  comparator  154.  That  is,  the  com- 
parator  154  compares  the  signal  F  with  the  signal 
G  to  provide  the  PWM  signal  such  as  a  signal  D.  A 
later  process  is  the  same  as  that  in  the  embodi- 
ment  33.  It  is  thereby  possible  to  provide  the  same 

50  effect  as  that  in  the  embodiment  33.  Though  the 
output  from  the  command  signal  generating  circuit 
153  is  provided  in  a  sine-wave  form  in  the  embodi- 
ment,  it  must  be  noted  that  the  present  invention 
should  not  be  limited  to  the  sine-wave,  and  may  be 

55  a  triangular-wave  or  saw-tooth  wave  form. 
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Embodiment  35 

Fig.  81  is  a  circuit  diagram  showing  another 
embodiment  according  to  the  twenty-second  as- 
pect  of  the  present  invention.  In  Fig.  81,  reference 
numeral  156  means  a  hysteresis  comparator,  and 
157  means  a  switch  controlling  circuit. 

A  description  will  now  be  given  of  the  opera- 
tion.  A  command  signal  generating  circuit  153  gen- 
erates  an  output  signal  F  in  the  same  process  as 
that  in  the  embodiment  34.  A  signal  H  is  a  detected 
current  signal  which  is  detected  by  a  current  sen- 
sor  82,  and  is  decided  in  a  comparator  154.  The 
comparator  154  is  provided  with  a  hysteresis  op- 
eration  to  decide  by  using  an  upper  limit  a  and  a 
lower  limit  b  on  the  basis  of  the  signal  F  as  shown 
in  Fig.  82.  That  is,  the  comparator  154  outputs  a 
signal  I  of  "Lo"  when  the  detected  current  signal  H 
exceeds  the  upper  limit  a,  and  outputs  the  signal  I 
of  "Hi"  when  the  detected  current  signal  H  ex- 
ceeds  the  lower  limit  b.  The  same  operation  as  that 
in  the  embodiment  34  is  performed  using  the  sig- 
nal  I  as  the  PWM  signal.  It  is  thereby  possible  to 
perform  the  same  operation  as  that  in  the  embodi- 
ment  34,  resulting  in  the  same  effect. 

Embodiment  36 

Though  the  above  embodiments  have  been 
described  with  reference  to  the  dc  power-supply 
unit  employing  the  reactor  2  as  an  inductive  ele- 
ment,  the  inductive  element  may  be  a  dc  reactor 
158  as  shown  in  Fig.  83. 

A  description  will  now  be  given  of  the  opera- 
tion.  When  a  switch  21  is  in  a  conducting  (ON) 
state,  a  current  path  is  established  to  pass  through 
an  ac  power  supply  1,  the  diode  bridge  4,  the  dc 
reactor  158,  the  switch  21,  and  a  diode  bridge  7, 
and  return  to  the  ac  power  supply  1.  When  the 
switch  is  in  a  cutoff  (OFF)  state,  the  current  path  is 
established  to  pass  through  the  ac  power  supply  1  , 
the  diode  bridge  4,  the  dc  reactor  158,  a  diode  13, 
a  capacitor  9,  and  the  diode  bridge  7,  and  return  to 
the  ac  power  supply  1.  This  conducting  mode 
corresponds  to  a  case  where  polarity  of  voltage  of 
the  ac  power  supply  1  on  the  upper  side  in  Fig.  83 
is  positive.  The  switching  operation  of  the  transistor 
12  is  repeated  for  each  positive  or  negative  half- 
wave  of  the  voltage  of  the  ac  power-supply  1  .  The 
operation  of  the  switch  21  is  controlled  as  in  the 
embodiments.  Thereby,  it  is  possible  to  provide  the 
same  effect  as  that  in  the  embodiments. 

Embodiment  37 

Fig.  84  is  a  circuit  diagram  showing  one  em- 
bodiment  according  to  the  twenty-third  aspect  of 
the  present  invention.  In  Fig.  84,  reference  nu- 

merals  159,  160  mean  transistors  (switching 
means)  to  short-circuit  diode  bridges  4,  6  forming  a 
rectifier  circuit. 

A  description  will  now  be  given  of  the  opera- 
5  tion.  When  the  transistor  160  conducts  (ON)  and 

the  transistor  159  is  cutoff  (OFF)  in  case  polarity  of 
voltage  of  an  ac  power  supply  1  is  positive  on  the 
side  of  a  reactor  2,  a  current  path  is  established  to 
pass  through  the  ac  power  supply  1  ,  a  reactor  2,  a 

io  transistor  160,  and  a  diode  bridge  7,  and  return  to 
the  ac  power  supply  1.  When  the  transistor  159  is 
ON  and  the  transistor  160  is  OFF,  the  current  path 
is  established  to  pass  through  the  ac  power  supply 
1,  the  reactor  2,  the  transistor  159,  a  capacitor  9, 

is  and  a  diode  bridge  6,  and  return  to  the  ac  power 
supply  1.  When  the  transistor  159  is  ON  and  the 
transistor  160  is  OFF  in  case  the  polarity  of  the 
voltage  of  the  ac  power  supply  1  is  negative  on  the 
side  of  the  reactor  2,  a  current  path  is  established 

20  to  pass  through  the  ac  power  supply  1,  the  diode 
bridge  6,  the  transistor  160,  and  the  reactor  2,  and 
return  to  the  ac  power  supply  1  .  When  the  transis- 
tor  160  is  ON  and  the  transistor  159  is  OFF,  a 
current  path  is  established  to  pass  through  the  ac 

25  power  supply  1,  the  diode  bridge  6,  the  capacitor 
9,  the  transistor  160,  and  the  reactor  2,  and  return 
to  the  ac  power  supply  1.  The  switching  operation 
of  the  transistors  1  59  and  1  60  is  repeated  for  each 
positive  or  negative  half-wave  of  the  voltage  of  the 

30  ac  power-supply  1  . 

Embodiment  38 

Fig.  85  is  a  circuit  diagram  showing  another 
35  embodiment  according  to  the  twenty-third  aspect  of 

the  present  invention.  In  Fig.  85,  reference  nu- 
merals  162  means  a  transistor  (switching  means)  to 
short-circuit  a  diode  bridge  7  forming  a  rectifier 
circuit  3. 

40  A  description  will  now  be  given  of  the  opera- 
tion.  When  the  transistor  160  conducts  (ON)  and 
the  transistor  162  is  cutoff  (OFF)  in  case  polarity  of 
voltage  of  an  ac  power  supply  1  is  positive  on  the 
side  of  a  reactor  2,  a  current  path  is  established  to 

45  pass  through  the  ac  power  supply  1  ,  a  reactor  2,  a 
transistor  160,  and  a  diode  bridge  7,  and  return  to 
the  ac  power  supply  1.  When  the  transistors  160, 
162  are  OFF,  the  current  path  is  established  to 
pass  through  the  ac  power  supply  1  ,  the  reactor  2, 

50  a  diode  bridge  4,  a  capacitor  9,  and  the  diode 
bridge  7,  and  return  to  the  ac  power  supply  1. 
When  the  transistor  162  is  ON  and  the  transistor 
160  is  OFF  in  case  the  polarity  of  the  voltage  of  the 
ac  power  supply  1  is  negative  on  the  side  of  the 

55  reactor  2,  a  current  path  is  established  to  pass 
through  the  ac  power  supply  1,  the  transistor  162, 
a  diode  bridge  5,  and  the  reactor  2,  and  return  to 
the  ac  power  supply  1.  When  the  transistors  160 
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and  162  are  OFF,  the  current  path  is  established  to 
pass  through  the  ac  power  supply  1,  the  diode 
bridge  6,  the  capacitor  9,  the  diode  bridge  5,  and 
the  reactor  2,  and  return  to  the  ac  power  supply  1  . 
The  switching  operation  of  the  transistors  160  and 
162  is  repeated  for  each  positive  or  negative  half- 
wave  of  the  voltage  of  the  ac  power-supply  1  . 

Embodiment  39 

Fig.  86  is  a  circuit  diagram  showing  another 
embodiment  according  to  the  twenty-third  aspect  of 
the  present  invention.  In  Fig.  86,  reference  nu- 
merals  161  means  a  transistor  (switching  means)  to 
short-circuit  a  diode  bridge  6  forming  a  rectifier 
circuit  3. 

A  description  will  now  be  given  of  the  opera- 
tion.  When  the  transistors  160,  161  conduct  (ON) 
and  the  transistors  159,  162  are  cutoff  (OFF)  in 
case  polarity  of  voltage  of  an  ac  power  supply  1  is 
positive  on  the  side  of  a  reactor  2,  two  current 
paths  are  established  to  pass  through  the  ac  power 
supply  1,  a  reactor  2,  the  transistor  160,  and  a 
diode  bridge  7,  and  return  to  the  ac  power  supply 
1  ,  and  to  pass  through  the  ac  power  supply  1  ,  the 
reactor  2,  a  diode  bridge  4,  and  the  transistor  161, 
and  return  to  the  ac  power  supply  1.  When  the 
transistors  159  to  160  are  OFF,  the  current  path  is 
established  to  pass  through  the  ac  power  supply  1  , 
the  reactor  2,  the  diode  bridge  4,  a  capacitor  9,  and 
the  diode  bridge  7,  and  return  to  the  ac  power 
supply  1.  When  the  transistors  159  and  162  are  ON 
and  the  transistors  160  and  161  are  OFF  in  case 
the  polarity  of  the  voltage  of  the  ac  power  supply  1 
is  negative  on  the  side  of  the  reactor  2,  two  current 
paths  are  established  to  pass  through  the  ac  power 
supply  1,  the  transistor  162,  the  diode  bridge  5, 
and  the  reactor  2,  and  return  to  the  ac  power 
supply  1  ,  and  to  pass  through  the  ac  power  supply 
1,  the  diode  bridge  6,  the  transistor  159,  and  the 
reactor  2,  and  return  to  the  ac  power  supply  1. 
When  the  transistors  159  to  162  are  OFF,  the 
current  path  is  established  to  pass  through  the  ac 
power  supply  1,  the  diode  bridge  6,  the  capacitor 
9,  the  diode  bridge  5,  and  the  reactor  2,  and  return 
to  the  ac  power  supply  1.  The  switching  operation 
of  the  transistors  159  to  162  is  repeated  for  each 
positive  or  negative  half-wave  of  the  voltage  of  the 
ac  power-supply  1  . 

Embodiment  40 

Fig.  87  is  a  circuit  diagram  showing  another 
embodiment  according  to  the  twenty-third  aspect  of 
the  present  invention.  In  Fig.  87,  reference  numeral 
163  means  a  polarity  deciding  circuit  to  decide 
polarity  of  voltage  of  an  ac  power  supply  1,  164 
means  an  ON  timing  generating  circuit  to  output 

first  ON  timing  to  close  transistors  160  and  162  in 
synchronization  with  the  source  voltage  and  ac- 
cording  to  timing  which  is  delayed  by  a  preset  time 
Td  immediately  after  the  source  voltage  passes 

5  through  a  zero  point,  165  is  an  OFF  timing  generat- 
ing  circuit  to  generate  a  second  timing  to  open  the 
transistors  160  and  162  in  synchronization  with  the 
source  voltage,  and  166  is  a  switch  controlling 
circuit  including  the  polarity  deciding  circuit  163, 

io  the  ON  timing  generating  circuit  164,  the  OFF 
timing  generating  circuit  165,  and  a  switch  driving 
circuit  62. 

A  description  will  now  be  given  of  the  opera- 
tion.  The  polarity  deciding  circuit  163  is  operated  to 

is  decide  the  polarity  of  the  voltage  of  the  ac  power 
supply  1  so  as  to  drive  the  transistor  160  if  the 
polarity  of  the  voltage  is  positive,  or  drive  the 
transistor  162  if  the  polarity  of  the  voltage  is  nega- 
tive.  The  ON  timing  generating  circuit  164  outputs 

20  an  ON  signal  through  the  switch  driving  circuit  62 
in  synchronization  with  the  source  voltage  and  ac- 
cording  to  timing  which  is  delayed  by  the  preset 
time  Td  immediately  after  the  source  voltage 
passes  through  a  zero  point.  Accordingly,  the  tran- 

25  sistor  160  or  162  is  closed  so  that  the  ac  power 
supply  1  is  short-circuited  through  a  reactor  2  and 
a  diode  bridge  7  (or  a  diode  bridges  5)  to  conduct 
current,  and  the  current  gradually  increases.  Sub- 
sequently,  the  OFF  timing  generating  circuit  165 

30  outputs  an  OFF  signal  through  the  switch  driving 
circuit  62  in  synchronization  with  the  source  volt- 
age  open  the  transistor  160  or  162.  Consequently, 
short-circuit  current  which  has  been  flowing  in  a 
reactor  2  becomes  charging  current  in  a  capacitor 

35  9  of  a  smoothing  circuit  8,  and  starts  to  decrease. 
Thereafter,  when  the  source  voltage  of  the  ac  pow- 
er  supply  1  is  in  the  vicinity  of  peak  voltage,  the 
diode  bridges  4,  7  (or  the  diode  bridges  5,  6) 
cause  the  charging  current  in  the  capacitor  9  to 

40  flow  through  the  reactor  2. 
Each  operating  waveform  in  each  part  at  this 

time  is  shown  in  Fig.  88.  In  Fig.  88,  (a)  shows  a 
source  voltage  waveform  of  the  ac  power  supply  1  , 
(b)  shows  a  polarity  deciding  signal  of  the  voltage 

45  of  the  ac  power  supply  1,  (c)  shows  the  output 
signal  from  the  ON  timing  generating  circuit  164, 
(d)  shows  the  output  signal  from  the  OFF  timing 
generating  circuit  165,  (e)  shows  an  output  A  signal 
from  the  switch  driving  circuit  62  (in  case  the 

50  polarity  of  the  voltage  is  positive),  (f)  shows  an 
output  B  signal  from  the  switch  driving  circuit  62  (in 
case  the  polarity  of  the  voltage  is  negative),  and  (g) 
shows  the  input  current  for  the  dc  power-supply 
unit  of  the  present  invention. 

55  Fig.  89  is  a  diagram  showing  a  relation  be- 
tween  an  OFF  signal  output  timing  of  the  OFF 
timing  generating  circuit  165,  and  a  power  factor 
and  a  higher  harmonic  component  of  the  input 
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current  of  the  dc  power-supply  unit  in  case  the  ON 
timing  generating  circuit  164  outputs  the  ON  signal 
for  the  transistors  160  and  162  at  a  certain  time 
point  in  synchronization  with  the  source  voltage  of 
the  ac  power  supply  1  (for  example,  after  the  time 
Td  from  a  zero  crossing  point  of  the  source  volt- 
age)  under  a  constant  load.  In  Fig.  89,  the  trans- 
verse  axis  represents  a  ratio  of  the  OFF  signal 
output  timing  t0ft  to  a  power  supply  period  T0  on 
the  basis  of  the  zero  crossing  point  of  the  source 
voltage.  In  this  case,  as  seen  from  the  drawing,  it  is 
possible  to  provide  the  overall  optimal  operating 
point  in  view  of  a  power  factor  and  a  current  higher 
harmonic  characteristic  by  setting  the  OFF  signal 
output  timing  to  a  value  of  approximately  0.1.  Thus, 
if  the  ON  signal  output  timing  is  determined,  it  is 
possible  to  set  the  optimal  value  as  the  OFF  signal 
output  timing  depending  upon  the  overall  decision 
of  characteristics.  In  the  present  invention,  the  ON 
timing  generating  circuit  164  and  the  OFF  timing 
generating  circuit  165  are  preset  to  output  the 
optimal  timing  in  synchronization  with  the  source 
voltage  of  the  ac  power  supply  1  ,  respectively. 

It  must  be  understood  that  the  OFF  signal 
output  timing  may  be  determined  in  the  vicinity  of 
the  maximum  power  factor  point  with  respect  to  the 
set  ON  signal  output  timing  in  case  a  particular 
weight  is  given  to  the  power  factor.  Further,  it  must 
be  noted  that  the  OFF  signal  output  timing  may  be 
determined  so  as  to  minimize  the  higher  harmonic 
component  of  any  desired  specific  order  with  re- 
spect  to  the  set  ON  signal  output  timing  in  case  the 
higher  harmonic  component  of  a  specific  order  in 
the  input  current  should  be  particularly  reduced. 

In  case  the  particular  weight  is  given  to  the 
power  factor,  the  ON  signal  for  the  transistors  160 
and  162  output  from  the  ON  timing  generating 
circuit  164  may  be  set  depending  upon  a  power 
factor  characteristic  shown  in  Fig.  90  under  a  con- 
stant  load.  In  Fig.  90,  the  ordinate  axis  represents 
the  delay  time  Td  from  the  zero  crossing  point  of 
the  source  voltage,  and  the  transverse  axis  repre- 
sents  a  conducting  time  (ON  time)  Ton  of  the  tran- 
sistors  160  and  162,  that  is,  a  time  obtained  by 
subtracting  the  delay  time  Td  from  the  OFF  signal 
output  timing  t0ft  on  the  basis  of  the  zero  crossing 
point  of  the  source  voltage.  Fig.  90  is  a  contour 
map  showing  0.8%  or  more  power  factor.  As  seen 
from  the  illustration,  it  is  possible  to  increase  a 
power  factor  improvement  effect  when  the  delay 
time  Td  is  in  a  range  from  0.6  to  about  1  .3  [msec] 
greater  than  when  the  delay  time  is  fixed  to  the 
zero  crossing  point  of  the  source  voltage  (i.e.,  Td  = 
0  [msec])  as  in  the  conventional  dc  power-supply 
unit  having  an  enhanced  power  factor.  Therefore, 
the  ON  signal  output  timing  may  be  set  in  the 
range. 

The  embodiment  40  has  been  described  with 
reference  to  the  transistors  which  are  respectively 
connected  in  parallel  with  the  diode  bridges  5  and 
7  of  the  rectifying  means.  However,  it  is  to  be 

5  understood  that  the  positions  of  the  transistors 
should  not  be  limited,  and  the  transistors  159,  160 
may  be  respectively  connected  in  parallel  with  the 
diode  bridges  4,  5  of  a  rectifier  circuit  3  as  shown 
in  Fig.  91.  Further,  as  shown  in  Fig.  92,  capacitors 

io  56,  57  may  be  provided  to  form  a  voltage  doubler 
rectifier  circuit.  In  addition,  as  shown  in  Fig.  93,  the 
transistors  159  to  162  may  be  connected  in  parallel 
with  the  diode  bridges  4  to  7  of  the  rectifier  circuit 
3  as  shown  in  Fig.  93  to  form  a  full-bridge  configu- 

15  ration. 

Embodiment  41 

Fig.  94  is  a  circuit  diagram  showing  another 
20  embodiment  according  to  the  twenty-third  aspect  of 

the  present  invention.  In  Fig.  94,  reference  numeral 
167  means  a  variable  OFF  timing  generating  circuit 
to  generate  an  OFF  signal  for  transistors  160  and 
162  in  synchronization  with  source  voltage  and 

25  depending  upon  a  load  condition  detected  by  a 
current  sensor  93,  and  168  means  a  switch  control- 
ling  circuit  (switch  controlling  means)  including  a 
polarity  deciding  circuit  163,  an  ON  timing  generat- 
ing  circuit  164,  the  variable  OFF  timing  generating 

30  circuit  167,  and  a  switch  driving  circuit  62. 
A  description  will  now  be  given  of  the  opera- 

tion.  As  in  the  embodiment  40  described  before, 
the  polarity  deciding  circuit  163  decides  polarity  of 
the  voltage  of  an  ac  power  supply  1  ,  and  drives  the 

35  transistors  160  when  the  polarity  of  the  voltage  is 
positive  or  drives  the  transistor  162  when  the  polar- 
ity  of  the  voltage  is  negative.  The  ON  timing  gen- 
erating  circuit  64  outputs  the  ON  signal  through  the 
switch  driving  circuit  62  in  synchronization  with  the 

40  source  voltage  of  the  ac  power  supply  1  and  ac- 
cording  to  timing  which  is  delayed  by  a  preset  time 
Td  immediately  after  the  source  voltage  passes 
through  a  zero  point.  The  transistor  160  or  162  is 
closed  so  that  the  ac  power  supply  1  is  short- 

45  circuited  through  the  reactor  2  and  a  diode  bridge 
7  (or  a  diode  bridge  5)  to  conduct  current,  and  the 
current  gradually  increases. 

Subsequently,  when  the  variable  OFF  timing 
generating  circuit  167  outputs  an  OFF  signal 

50  through  the  switch  driving  circuit  62  in  synchroniza- 
tion  with  the  source  voltage  of  the  ac  power  supply 
1  and  depending  upon  a  load  condition  detected 
by  the  current  sensor  93,  resulting  in  opening  the 
transistor  160  or  162.  Accordingly,  the  short-circuit 

55  current  which  has  been  flowing  in  the  reactor  2 
passes  through  the  diode  13  to  become  charging 
current  in  a  capacitor  9  of  a  smoothing  circuit  8, 
and  starts  to  decrease.  Thereafter,  when  the  source 
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voltage  of  the  ac  power  supply  1  is  in  the  vicinity 
of  peak  voltage,  the  diode  bridges  4,  7  (or  the 
diode  bridges  5,  6)  cause  the  charging  current  in 
the  capacitor  9  to  flow  through  the  reactor  2. 

At  this  time,  there  are  provided  a  source  volt- 
age  waveform  of  the  ac  power  supply  1  ,  and  input 
current  waveforms  of  the  dc  power-supply  unit  in 
the  embodiment  under  a  light  load  and  a  heavy 
load  as  shown  in  Fig.  95.  As  seen  from  Fig.  95,  the 
operation  is  controlled  so  as  to  have  an  earlier  OFF 
signal  output  timing  of  the  variable  OFF  timing 
generating  circuit  167  under  a  light  load  than  the 
OFF  signal  output  timing  under  a  heavy  load. 

Fig.  96  is  a  diagram  showing  a  relation  be- 
tween  a  load,  and  the  OFF  signal  output  timing 
serving  as  the  overall  optimal  operating  point  in 
view  of  a  power  factor  and  a  current  higher  har- 
monic  characteristic  in  case  the  ON  timing  generat- 
ing  circuit  164  generates  the  ON  signal  for  the 
transistors  160  and  162  at  a  certain  time  point  in 
synchronization  with  the  source  voltage  of  the  ac 
power  supply  1  (for  example,  a  time  point  which  is 
delayed  by  one-twentieth  of  source  voltage  period 
from  the  zero  crossing  point  of  the  source  voltage). 
In  Fig.  96,  the  transverse  axis  represents  a  load 
normalized  by  rated  load  Po,  and  the  ordinate  axis 
represents  the  OFF  signal  output  timing  normalized 
by  the  power  supply  period  T0.  In  the  present 
invention,  the  output  timing  of  the  variable  OFF 
timing  generating  circuit  167  can  be  controlled 
according  to  the  load  condition  based  upon  the 
relation  shown  in  Fig.  96.  Further,  it  must  be  noted 
that  the  output  timing  of  the  variable  OFF  timing 
generating  circuit  167  may  be  controlled  according 
to  the  purpose.  That  is,  while  a  particular  weight  is 
given  to  the  power  factor,  the  output  timing  may  be 
controlled  according  to  the  load  condition.  Alter- 
natively,  while  the  particular  weight  is  given  to  the 
current  higher  harmonic  characteristic,  the  output 
timing  may  be  controlled  according  to  the  load 
condition. 

In  addition,  it  is  to  be  understood  that  the 
present  invention  should  not  be  limited  to  the  load 
current  detecting  means  as  means  for  detecting 
the  magnitude  of  the  load  condition.  For  example,  it 
is  also  possible  to  detect  the  magnitude  of  the  load 
condition  by  using  voltage  fluctuation  in  the  capaci- 
tor  9  of  the  smoothing  circuit  8,  or  the  input  current 
of  the  dc  power-supply  unit. 

Besides,  as  in  the  embodiment  40,  it  must  be 
noted  that  an  arrangement  of  the  transistors  should 
not  be  limited. 

Embodiment  42 

Fig.  97  is  a  circuit  diagram  showing  another 
embodiment  according  to  the  twenty-third  aspect  of 
the  present  invention.  In  Fig.  97,  reference  numeral 

169  means  an  ON  period  setting  circuit  to  use  an 
output  signal  from  an  ON  timing  generating  circuit 
164  as  a  trigger  so  as  to  set  an  ON  period  for 
transistors  160  and  162,  and  170  means  a  switch 

5  controlling  circuit  including  a  polarity  deciding  cir- 
cuit  163,  the  ON  timing  generating  circuit  164,  and 
the  ON  period  setting  circuit  169. 

A  description  will  now  be  given  of  the  opera- 
tion.  As  in  the  embodiment  40  described  before, 

io  the  polarity  deciding  circuit  163  decides  polarity  of 
the  voltage  of  the  ac  power  supply  1,  and  drives 
the  transistors  160  when  the  polarity  of  the  voltage 
is  positive  or  drives  the  transistor  162  when  the 
polarity  of  the  voltage  is  negative.  The  ON  timing 

is  generating  circuit  164  outputs  the  ON  signal  in 
synchronization  with  the  source  voltage  of  the  ac 
power  supply  1  and  according  to  timing  which  is 
delayed  by  a  preset  time  Td  immediately  after  the 
source  voltage  passes  through  a  zero  point.  The 

20  ON  period  setting  circuit  169  outputs  a  signal  out- 
put  to  close  the  transistors  160  and  162  only  for  a 
preset  period  through  the  switch  driving  circuit  62 
to  the  transistors  160  and  162.  During  the  transistor 
160  or  162  is  closed,  as  in  the  embodiment  40 

25  described  before,  the  ac  power  supply  1  is  short- 
circuited  through  a  reactor  2  and  a  diode  bridge  7 
(or  a  diode  bridge  5)  to  conduct  current,  and  the 
current  gradually  increases.  Subsequently,  when 
the  ON  period  of  the  transistor  160  or  162  is 

30  terminated  to  open  the  transistors  160  and  162,  the 
short-circuit  current  which  has  been  flowing  in  the 
reactor  2  becomes  charging  current  in  a  capacitor 
9  of  a  smoothing  circuit  8,  and  starts  to  decrease. 
Thereafter,  when  the  source  voltage  of  the  ac  pow- 

35  er  supply  1  is  in  the  vicinity  of  peak  voltage,  the 
diode  bridges  4,  7  (or  the  diode  bridges  5,  6) 
cause  the  charging  current  in  the  capacitor  9  to 
flow  through  the  reactor  2. 

At  this  time,  there  are  provided  a  source  volt- 
40  age  waveform  of  the  ac  power  supply  1  ,  and  input 

current  waveforms  of  the  dc  power-supply  unit  as 
in  the  embodiment  40  shown  in  Fig.  88. 

Fig.  98  is  a  diagram  showing  relations  between 
a  signal  output  period  of  the  ON  period  setting 

45  circuit  169,  and  a  power  factor  and  a  higher  har- 
monic  component  of  input  current  of  the  dc  power- 
supply  unit  in  case  the  ON  timing  generating  circuit 
164  outputs  an  ON  signal  for  the  transistors  160 
and  162  at  a  certain  time  point  in  synchronization 

50  with  the  source  voltage  of  the  ac  power  supply  1 
(for  example,  after  a  time  Td  from  a  zero  crossing 
point  of  the  source  voltage)  under  a  constant  load. 
In  Fig.  98,  the  transverse  axis  represents  a  ratio  of 
an  ON  signal  output  period  ton  to  a  power  supply 

55  period  T0.  As  in  the  case  of  the  embodiment  40 
described  above,  it  is  possible  to  provide  the  over- 
all  optimal  operating  point  in  view  of  a  power  factor 
and  a  current  higher  harmonic  characteristic  shown 
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in  Fig.  98.  In  the  embodiment,  the  ON  timing 
generating  circuit  164  and  the  ON  period  setting 
circuit  169  are  preset  to  output  the  optimal  timing 
and  the  optimal  ON  period,  respectively.  Further, 
as  in  the  embodiment  40,  it  must  be  noted  that  the 
ON  timing  and  the  ON  period  may  be  set  depend- 
ing  upon,  for  example,  an  operating  point  to  maxi- 
mize  the  power  factor,  or  another  operating  point  to 
minimize  a  specific  higher  harmonic  current  of  the 
input  current. 

In  addition,  as  in  the  embodiment  40,  it  is  to  be 
understood  that  an  arrangement  of  the  transistors 
should  not  be  limited. 

Embodiment  43 

Fig.  99  is  a  circuit  diagram  showing  another 
embodiment  according  to  the  twenty-third  aspect  of 
the  present  invention.  In  Fig.  99,  reference  numeral 
171  means  a  variable  ON  period  setting  circuit  to 
use  an  output  signal  from  an  ON  timing  generating 
circuit  164  as  a  trigger,  and  set  an  ON  period  for 
transistors  160  and  162  according  to  a  load  con- 
dition  detected  by  a  current  sensor  93,  and  172 
means  a  switch  controlling  circuit  including  a  polar- 
ity  deciding  circuit  163,  the  ON  timing  generating 
circuit  164,  the  variable  ON  period  setting  circuit 
171,  and  a  switch  driving  circuit  62. 

A  description  will  now  be  given  of  the  opera- 
tion.  As  in  the  embodiment  40  described  before, 
the  polarity  deciding  circuit  163  decides  polarity  of 
the  voltage  of  the  ac  power  supply  1,  and  drives 
the  transistors  160  when  the  polarity  of  the  voltage 
is  positive  or  drives  the  transistor  162  when  the 
polarity  of  the  voltage  is  negative.  The  ON  timing 
generating  circuit  164  outputs  an  ON  timing  signal 
in  synchronization  with  the  source  voltage  of  the  ac 
power  supply  1  and  according  to  timing  which  is 
delayed  by  a  preset  time  Td  immediately  after  the 
source  voltage  passes  through  a  zero  point.  Con- 
sequently,  the  variable  ON  period  setting  circuit 
171  outputs  a  signal  output  to  close  the  transistors 
160  and  162  only  for  a  period  set  according  to  the 
load  condition  detected  by  the  current  sensor  93 
through  the  switch  driving  circuit  62.  During  the 
transistor  160  or  162  is  closed,  as  in  the  embodi- 
ment  40  described  before,  the  ac  power  supply  1 
is  short-circuited  through  a  reactor  2  and  a  diode 
bridge  7  (or  a  diode  bridge  5)  to  conduct  current, 
and  the  current  gradually  increases.  Subsequently, 
when  the  ON  period  of  the  transistors  160  and  162 
is  terminated  to  open  the  transistor  160  or  162,  the 
short-circuit  current  which  has  been  flowing  in  the 
reactor  2  becomes  charging  current  in  a  capacitor 
9  of  a  smoothing  circuit  8,  and  starts  to  decrease. 
Thereafter,  when  the  source  voltage  of  the  ac  pow- 
er  supply  1  is  in  the  vicinity  of  peak  voltage,  the 
diode  bridges  4,  7  (or  the  diode  bridges  5,  6) 

cause  the  charging  current  in  the  capacitor  9  to 
flow  through  the  reactor  2. 

At  this  time,  there  are  provided  a  source  volt- 
age  waveform  of  the  ac  power  supply  1  ,  and  input 

5  current  waveforms  of  the  dc  power-supply  unit 
under  a  light  load  and  a  heavy  load  as  shown  in 
Fig.  100.  As  seen  from  Fig  100,  the  operation  is 
controlled  so  as  to  have  a  shorter  ON  signal  output 
period  of  the  variable  ON  period  setting  circuit  171 

io  under  a  light  load  than  the  ON  signal  output  period 
under  a  heavy  load. 

Fig.  101  is  a  diagram  showing  a  relation  be- 
tween  a  load,  and  the  ON  period  serving  as  the 
overall  optimal  operating  point  in  view  of  a  power 

is  factor  and  a  current  higher  harmonic  characteristic 
in  case  the  ON  timing  generating  circuit  164  gen- 
erates  the  ON  signal  for  the  transistor  160  or  162  at 
a  certain  time  point  in  synchronization  with  the 
source  voltage  of  the  ac  power  supply  1  (for  exam- 

20  pie,  a  time  point  which  is  delayed  by  one-twentieth 
of  source  voltage  period  from  the  zero  crossing 
point  of  the  source  voltage).  In  Fig.  101,  the  trans- 
verse  axis  represents  a  load  normalized  by  rated 
load  Po,  and  the  ordinate  axis  represents  the  ON 

25  period  T0n  normalized  by  a  power  supply  period 
T0.  In  the  embodiment,  an  ON  signal  output  inter- 
val  of  the  variable  ON  period  setting  circuit  171  can 
be  controlled  according  to  the  load  condition  based 
upon  the  relation  shown  in  Fig.  101.  Further,  it 

30  must  be  noted  that  the  ON  signal  output  interval  of 
the  variable  ON  period  setting  circuit  171  may  be 
controlled  according  to  the  purpose.  That  is,  while 
a  particular  weight  is  given  to  the  power  factor,  the 
ON  signal  output  interval  may  be  controlled  ac- 

35  cording  to  the  load  condition.  Alternatively,  while 
the  particular  weight  is  given  to  the  current  higher 
harmonic  characteristic,  the  ON  signal  output  inter- 
val  may  be  controlled  according  to  the  load  con- 
dition. 

40  In  addition,  as  in  the  embodiment  41,  it  is  to  be 
understood  that  the  present  invention  should  not  be 
limited  to  the  load  current  detecting  means  as 
means  for  detecting  the  magnitude  of  the  load 
condition.  For  example,  it  is  also  possible  to  detect 

45  the  magnitude  of  the  load  condition  by  using  volt- 
age  fluctuation  in  the  capacitor  9  of  the  smoothing 
circuit  8,  or  the  input  current  of  the  dc  power- 
supply  unit. 

Besides,  as  in  the  embodiment  40,  it  must  be 
50  noted  that  an  arrangement  of  the  transistors  should 

not  be  limited. 

Embodiment  44 

55  Fig.  102  is  a  circuit  diagram  showing  another 
embodiment  according  to  the  twenty-third  aspect  of 
the  present  invention.  In  Fig.  102,  reference  nu- 
meral  173  means  a  current  sensor  to  detect  short- 
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circuit  current  which  flows  in  a  reactor  2  when  a 
transistor  160  is  closed,  174  means  a  current  sen- 
sor  to  detect  short-circuit  current  which  flows  in  the 
reactor  2  when  a  transistor  162  is  closed,  175  is  a 
short-circuit  detecting  circuit  to  output  an  OFF  sig- 
nal  for  the  transistor  160  or  162  when  an  output 
from  the  current  sensors  173  and  174  reaches  a 
preset  value,  and  176  is  a  switch  controlling  circuit 
including  a  polarity  deciding  circuit  163,  an  ON 
timing  generating  circuit  164,  a  short-circuit  current 
detecting  circuit  175,  and  a  switch  driving  circuit 
62. 

A  description  will  now  be  given  of  the  opera- 
tion.  As  in  the  embodiment  40  described  before, 
the  polarity  deciding  circuit  163  decides  polarity  of 
the  voltage  of  an  ac  power  supply  1  ,  and  drives  the 
transistors  160  when  the  polarity  of  the  voltage  is 
positive  or  drives  the  transistor  162  when  the  polar- 
ity  of  the  voltage  is  negative.  The  ON  timing  gen- 
erating  circuit  164  outputs  an  ON  timing  signal  in 
synchronization  with  the  source  voltage  of  the  ac 
power  supply  1  and  according  to  timing  which  is 
delayed  by  a  preset  time  Td  immediately  after  the 
source  voltage  passes  through  a  zero  point.  The 
ON  timing  signal  is  output  through  the  switch  driv- 
ing  circuit  62  to  close  the  transistors  160  and  162. 
During  the  transistor  160  or  162  is  closed,  as  in  the 
embodiment  40  described  before,  the  ac  power 
supply  1  is  short-circuited  through  a  reactor  2  and 
a  diode  bridge  7  (or  a  diode  bridge  5)  to  conduct 
current,  and  the  current  gradually  increases.  When 
the  short-circuit  current  increases  and  reaches  the 
preset  value,  the  short-circuit  detecting  circuit  175 
outputs  the  OFF  signal  for  the  transistor  160  or  162 
through  the  switch  driving  circuit  62  to  open  the 
transistors  160  and  162.  Subsequently,  the  short- 
circuit  current  which  has  been  flowing  in  the  reac- 
tor  2  becomes  charging  current  in  a  capacitor  9  of 
a  smoothing  circuit  8,  and  starts  to  decrease. 
Thereafter,  when  the  source  voltage  of  the  ac  pow- 
er  supply  1  is  in  the  vicinity  of  peak  voltage,  the 
diode  bridges  4,  7  (or  the  diode  bridges  5,  6) 
cause  the  charging  current  in  the  capacitor  9  to 
flow  through  the  reactor  2. 

At  this  time,  there  are  provided  a  source  volt- 
age  waveform  of  the  ac  power  supply  1  ,  and  input 
current  waveforms  of  the  dc  power-supply  unit 
under  a  light  load  and  a  heavy  load  as  in  the 
embodiment  40  shown  in  Fig.  88. 

Fig.  103  is  a  diagram  showing  a  relation  be- 
tween  a  short-circuit  current  level  to  generate  the 
OFF  signal  for  the  transistor  160  or  162,  and  a 
power  factor  and  a  higher  harmonic  component  of 
input  current  of  the  dc  power-supply  unit  in  case 
the  ON  timing  generating  circuit  164  outputs  an  ON 
signal  for  the  transistors  160  and  162  at  a  certain 
time  point  in  synchronization  with  the  source  volt- 
age  of  the  ac  power  supply  1  (for  example,  after  a 

time  Td  from  a  zero  crossing  point  of  the  source 
voltage)  under  a  constant  load.  In  Fig.  103,  the 
transverse  axis  represents  a  rate  of  the  short-circuit 
current  level  ip  to  generate  the  OFF  signal  for  the 

5  transistor  160  or  162  to  average  output  current  IAvg 
of  the  dc  power-supply  unit  under  the  maximum 
load.  Thus,  it  is  possible  to  provide  the  overall 
optimal  operating  point  in  view  of  a  power  factor 
and  a  current  higher  harmonic  characteristic  shown 

io  in  Fig.  103.  In  the  invention,  the  ON  timing  generat- 
ing  circuit  164  and  the  short-circuit  current  detect- 
ing  circuit  175  are  preset  to  output  the  optimal 
timing  and  the  optimal  short-circuit  current  level, 
respectively.  Further,  it  must  be  noted  that  the  ON 

is  timing  and  the  short-circuit  current  level  may  be 
set  depending  upon,  for  example,  an  operating 
point  to  maximize  the  power  factor,  or  another 
operating  point  to  minimize  a  specific  higher  har- 
monic  current  of  the  input  current. 

20  In  addition,  as  in  the  embodiment  40,  it  is  to  be 
understood  that  an  arrangement  of  the  transistors 
should  not  be  limited. 

Embodiment  45 
25 

Fig.  104  is  a  circuit  diagram  showing  another 
embodiment  according  to  the  twenty-third  aspect  of 
the  present  invention.  In  Fig.  104,  reference  nu- 
meral  177  means  a  variable  short-circuit  current 

30  detecting  circuit  to  output  an  OFF  signal  for  transis- 
tors  160  and  162  when  an  output  from  current 
sensor  173  or  174  reaches  a  value  which  is  set 
according  to  a  load  condition  detected  by  a  current 
sensor  93,  and  178  means  a  switch  controlling 

35  circuit  including  a  polarity  deciding  circuit  163,  an 
ON  timing  generating  circuit  164,  the  variable 
short-circuit  current  detecting  circuit  177,  and  a 
switch  driving  circuit  62. 

A  description  will  now  be  given  of  the  opera- 
40  tion.  As  in  the  embodiment  40  described  before, 

the  polarity  deciding  circuit  163  decides  polarity  of 
the  voltage  of  the  ac  power  supply  1,  and  drives 
the  transistors  160  when  the  polarity  of  the  voltage 
is  positive  or  drives  the  transistor  162  when  the 

45  polarity  of  the  voltage  is  negative.  The  ON  timing 
generating  circuit  164  outputs  an  ON  signal  in 
synchronization  with  the  source  voltage  of  the  ac 
power  supply  1  and  according  to  timing  which  is 
delayed  by  a  preset  time  Td  immediately  after  the 

50  source  voltage  passes  through  a  zero  point.  The 
ON  signal  is  output  through  the  switch  driving 
circuit  62  to  close  the  transistors  160  and  162. 
During  the  transistor  160  or  162  is  closed,  as  in  the 
embodiment  40  described  before,  the  ac  power 

55  supply  1  is  short-circuited  through  a  reactor  2  and 
a  diode  bridge  7  (or  a  diode  bridge  5)  to  conduct 
current,  and  the  current  gradually  increases.  When 
the  short-circuit  current  increases  so  that  a  de- 
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tected  value  of  the  current  sensor  173  or  174 
reaches  a  value  which  is  set  according  to  the  load 
condition  detected  by  the  current  sensor  93,  the 
variable  short-circuit  detecting  circuit  177  outputs 
the  OFF  signal  for  the  transistor  160  or  162  through 
the  switch  driving  circuit  62  to  open  the  transistors 
160  and  162.  Subsequently,  the  short-circuit  cur- 
rent  which  has  been  flowing  in  the  reactor  2  be- 
comes  charging  current  in  a  capacitor  9  of  a 
smoothing  circuit  8,  and  starts  to  decrease.  There- 
after,  when  the  source  voltage  of  the  ac  power 
supply  1  is  in  the  vicinity  of  peak  voltage,  diode 
bridges  4,  7  (or  diode  bridges  5,  6)  cause  the 
charging  current  in  the  capacitor  9  to  flow  through 
the  reactor  2. 

At  this  time,  there  are  provided  a  source  volt- 
age  waveform  of  the  ac  power  supply  1  ,  and  input 
current  waveforms  of  the  dc  power-supply  unit 
under  a  light  load  and  a  heavy  load  as  shown  in 
Fig.  105.  As  seen  from  Fig.  105,  the  operation  is 
controlled  so  as  to  have  a  lower  short-circuit  cur- 
rent  setting  level  of  the  variable  short-circuit  current 
detecting  circuit  177  under  a  light  load  than  the 
short-circuit  current  setting  level  under  a  heavy 
load. 

Fig.  106  is  a  diagram  showing  a  relation  be- 
tween  a  load,  and  the  short-circuit  current  setting 
level  serving  as  the  overall  optimal  operating  point 
in  view  of  a  power  factor  and  a  current  higher 
harmonic  characteristic  in  case  the  ON  timing  gen- 
erating  circuit  164  generates  the  ON  signal  for  the 
transistor  160  or  162  at  a  certain  time  point  in 
synchronization  with  the  source  voltage  of  the  ac 
power  supply  1  (for  example,  a  time  point  which  is 
delayed  by  one-twentieth  of  source  voltage  period 
from  a  zero  crossing  point  of  the  source  voltage). 
In  Fig.  106,  the  transverse  axis  represents  a  load 
normalized  by  rated  load  Po,  and  the  ordinate  axis 
represents  the  short-circuit  setting  level  normalized 
by  average  current  IAvg  under  the  maximum  load. 
In  the  invention,  the  short-circuit  current  setting 
level  of  the  variable  short-circuit  current  setting 
circuit  177  can  be  controlled  according  to  the  load 
condition  based  upon  the  relation  shown  in  Fig. 
106.  Further,  it  must  be  noted  that  the  short-circuit 
current  setting  level  of  the  variable  short-circuit 
current  setting  circuit  177  may  be  controlled  ac- 
cording  to  the  purpose.  That  is,  while  a  particular 
weight  is  given  to  the  power  factor,  the  short-circuit 
current  setting  level  may  be  controlled  according  to 
the  load  condition.  Alternatively,  while  the  particular 
weight  is  given  to  the  current  higher  harmonic 
characteristic,  the  short-circuit  current  setting  level 
may  be  controlled  according  to  the  load  condition. 

In  addition,  as  in  the  embodiment  41,  it  is  to  be 
understood  that  the  present  invention  should  not  be 
limited  to  the  load  current  detecting  means  as 
means  for  detecting  the  magnitude  of  the  load 

condition.  For  example,  it  is  also  possible  to  detect 
the  magnitude  of  the  load  condition  by  using  volt- 
age  fluctuation  in  the  capacitor  9  of  the  smoothing 
circuit  8,  or  the  input  current  of  the  dc  power- 

5  supply  unit. 
Besides,  as  in  the  embodiment  40,  it  must  be 

noted  that  an  arrangement  of  the  transistors  should 
not  be  limited. 

io  Embodiment  46 

Fig.  107  is  a  circuit  diagram  showing  another 
embodiment  according  to  the  twenty-third  aspect  of 
the  present  invention.  In  Fig.  107,  reference  nu- 

15  meral  179  means  a  variable  ON  timing  generating 
circuit  to  generate  an  ON  signal  for  transistors  160 
and  162  in  synchronization  with  the  source  voltage 
and  according  to  timing  according  to  a  load  con- 
dition  detected  by  a  current  sensor  93,  and  180 

20  means  a  switch  controlling  circuit  including  a  polar- 
ity  deciding  circuit  163,  the  variable  ON  timing 
generating  circuit  179,  an  OFF  timing  generating 
circuit  165,  and  a  switch  driving  circuit  62. 

A  description  will  now  be  given  of  the  opera- 
25  tion.  As  in  the  embodiment  40  described  before, 

the  polarity  deciding  circuit  163  decides  polarity  of 
the  voltage  of  an  ac  power  supply  1  ,  and  drives  the 
transistors  160  when  the  polarity  of  the  voltage  is 
positive  or  drives  the  transistor  162  when  the  polar- 

30  ity  of  the  voltage  is  negative.  The  variable  ON 
timing  generating  circuit  179  outputs  an  ON  signal 
through  the  switch  driving  circuit  62  in  synchroniza- 
tion  with  the  source  voltage  of  the  ac  power  supply 
1  and  according  to  the  load  condition  detected  by 

35  the  current  sensor  93.  Accordingly,  the  transistor 
160  or  162  is  closed  so  that  the  ac  power  supply  1 
is  short-circuited  through  a  reactor  2  and  a  diode 
bridge  7  (or  a  diode  bridge  5)  to  conduct  current, 
and  the  current  gradually  increases.  Subsequently, 

40  the  OFF  timing  generating  circuit  165  outputs  the 
OFF  signal  through  the  switch  driving  circuit  62  in 
synchronization  with  the  source  voltage,  resulting  in 
opening  the  transistors  160  and  162.  Thus,  the 
short-circuit  current  which  has  been  flowing  in  the 

45  reactor  2  becomes  charging  current  in  a  capacitor 
9  of  a  smoothing  circuit  8,  and  starts  to  decrease. 
Thereafter,  when  the  source  voltage  of  the  ac  pow- 
er  supply  1  is  in  the  vicinity  of  peak  voltage,  the 
diode  bridges  4,  7  (or  the  diode  bridges  5,  6) 

50  cause  the  charging  current  in  the  capacitor  9  to 
flow  through  the  reactor  2. 

At  this  time,  there  are  provided  a  source  volt- 
age  waveform  of  the  ac  power  supply  1  ,  and  input 
current  waveforms  of  the  dc  power-supply  unit 

55  under  a  light  load  and  a  heavy  load  as  shown  in 
Fig.  108.  As  seen  from  Fig.  108,  the  operation  is 
controlled  so  as  to  have  a  later  ON  signal  output 
timing  of  the  variable  ON  timing  generating  circuit 
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179  under  a  light  load  than  the  ON  signal  output 
timing  the  under  a  heavy  load. 

Fig.  109  is  a  diagram  showing  a  relation  be- 
tween  a  load,  and  the  short-circuit  current  setting 
level  serving  as  the  overall  optimal  operating  point 
in  view  of  a  power  factor  and  a  current  higher 
harmonic  characteristic  in  case  the  OFF  timing 
generating  circuit  165  generates  an  OFF  signal  for 
the  transistor  160  or  162  at  a  certain  time  point  in 
synchronization  with  the  source  voltage  of  the  ac 
power  supply  1  (for  example,  a  time  point  which  is 
delayed  by  one-tenth  of  source  voltage  period  from 
a  zero  crossing  point  of  the  source  voltage).  In  Fig. 
109,  the  transverse  axis  represents  a  load  normal- 
ized  by  rated  load  Po,  and  the  ordinate  axis  repre- 
sents  ON  signal  output  timing  normalized  by  a 
power  supply  period  T0.  In  the  embodiment,  output 
timing  of  the  variable  ON  timing  generating  circuit 
179  can  be  controlled  according  to  the  load  con- 
dition  based  upon  the  relation  shown  in  Fig.  109. 
Further,  it  must  be  noted  that  the  output  timing  of 
the  variable  ON  timing  generating  circuit  179  may 
be  controlled  according  to  the  purpose.  That  is, 
while  a  particular  weight  is  given  to  the  power 
factor,  the  output  timing  may  be  controlled  accord- 
ing  to  the  load  condition.  Alternatively,  while  the 
particular  weight  is  given  to  the  current  higher 
harmonic  characteristic,  the  output  timing  may  be 
controlled  according  to  the  load  condition. 

In  addition,  as  in  the  embodiment  41,  it  is  to  be 
understood  that  the  present  invention  should  not  be 
limited  to  the  load  current  detecting  means  as 
means  for  detecting  the  magnitude  of  the  load 
condition.  For  example,  it  is  also  possible  to  detect 
the  magnitude  of  the  load  condition  by  using  volt- 
age  fluctuation  in  the  capacitor  9  of  the  smoothing 
circuit  8,  or  the  input  current  of  the  dc  power- 
supply  unit.  Besides,  as  in  the  embodiment  40,  it 
must  be  noted  that  an  arrangement  of  the  transis- 
tors  should  not  be  limited. 

Embodiment  47 

Fig.  110  is  a  circuit  diagram  showing  another 
embodiment  according  to  the  twenty-third  aspect  of 
the  present  invention.  In  Fig.  110,  reference  nu- 
meral  181  means  a  switch  controlling  circuit  includ- 
ing  a  polarity  deciding  circuit  163,  a  variable  ON 
timing  generating  circuit  179,  a  variable  OFF  timing 
generating  circuit  167,  and  a  switch  driving  circuit 
62. 

A  description  will  now  be  given  of  the  opera- 
tion.  As  in  the  embodiment  40  described  before, 
the  polarity  deciding  circuit  163  decides  polarity  of 
the  voltage  of  the  ac  power  supply  1  ,  and  drives  a 
transistor  160  when  the  polarity  of  the  voltage  is 
positive  or  drives  a  transistor  162  when  the  polarity 
of  the  voltage  is  negative.  The  variable  ON  timing 

generating  circuit  179  outputs  an  ON  signal 
through  the  switch  driving  circuit  62  in  synchroniza- 
tion  with  the  source  voltage  of  the  ac  power  supply 
1  and  according  to  the  load  condition  detected  by 

5  a  current  sensor  93.  Accordingly,  the  transistor  160 
or  162  is  closed  so  that  the  ac  power  supply  1  is 
short-circuited  through  a  reactor  2  and  a  diode 
bridge  7  (or  a  diode  bridge  5)  to  conduct  current, 
and  the  current  gradually  increases.  Subsequently, 

io  the  variable  OFF  timing  generating  circuit  167  out- 
puts  the  OFF  signal  through  the  switch  driving 
circuit  62  in  synchronization  with  the  source  volt- 
age  and  according  to  the  load  condition  detected 
by  a  current  sensor  93,  resulting  in  opening  the 

is  transistors  160  and  162.  Thus,  the  short-circuit 
current  which  has  been  flowing  in  the  reactor  2 
becomes  charging  current  in  a  capacitor  9  of  a 
smoothing  circuit  8,  and  starts  to  decrease.  There- 
after,  when  the  source  voltage  of  the  ac  power 

20  supply  1  is  in  the  vicinity  of  peak  voltage,  the  diode 
bridges  4,  7  (or  the  diode  bridges  5,  6)  cause  the 
charging  current  in  the  capacitor  9  to  flow  through 
the  reactor  2. 

At  this  time,  there  are  provided  a  source  volt- 
25  age  waveform  of  the  ac  power  supply  1  ,  and  input 

current  waveforms  of  the  dc  power-supply  unit 
under  a  light  load  and  a  heavy  load  as  shown  in 
Fig.  111.  In  the  embodiment,  each  output  timing  of 
the  variable  ON  timing  generating  circuit  179  and 

30  the  variable  OFF  timing  generating  circuit  167  can 
be  controlled  according  to  the  load  condition  so  as 
to  serve  as  the  overall  optimal  operating  point  in 
view  of  a  power  factor  and  a  current  higher  har- 
monic  characteristic.  Further,  it  must  be  noted  that 

35  the  output  timing  of  the  variable  ON  timing  generat- 
ing  circuit  179  and  the  variable  OFF  timing  gen- 
erating  circuit  167  may  be  controlled  according  to 
the  purpose.  That  is,  while  a  particular  weight  is 
given  to  the  power  factor,  the  output  timing  may  be 

40  controlled  according  to  the  load  condition.  Alter- 
natively,  while  the  particular  weight  is  given  to  the 
current  higher  harmonic  characteristic,  the  output 
timing  may  be  controlled  according  to  the  load 
condition. 

45  In  addition,  as  in  the  embodiment  41,  it  is  to  be 
understood  that  the  present  invention  should  not  be 
limited  to  the  load  current  detecting  means  as 
means  for  detecting  the  magnitude  of  the  load 
condition.  For  example,  it  is  also  possible  to  detect 

50  the  magnitude  of  the  load  condition  by  using  volt- 
age  fluctuation  in  the  capacitor  9  of  the  smoothing 
circuit  8,  or  the  input  current  of  the  dc  power- 
supply  unit.  Besides,  as  in  the  embodiment  40,  it 
must  be  noted  that  an  arrangement  of  the  transis- 

55  tors  should  not  be  limited. 
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Embodiment  48 

Fig.  112  is  a  circuit  diagram  showing  another 
embodiment  according  to  the  twenty-third  aspect  of 
the  present  invention.  In  Fig.  112,  reference  nu- 
meral  182  means  a  switch  controlling  circuit  includ- 
ing  a  polarity  deciding  circuit  163,  a  variable  ON 
timing  generating  circuit  179,  an  ON  period  setting 
circuit  169,  and  a  switch  driving  circuit  62. 

A  description  will  now  be  given  of  the  opera- 
tion.  As  in  the  embodiment  40  described  before, 
the  polarity  deciding  circuit  163  decides  polarity  of 
the  voltage  of  an  ac  power  supply  1,  and  drives  a 
transistor  160  when  the  polarity  of  the  voltage  is 
positive  or  drives  a  transistor  162  when  the  polarity 
of  the  voltage  is  negative.  The  variable  ON  timing 
generating  circuit  179  outputs  an  ON  signal 
through  the  switch  driving  circuit  62  in  synchroniza- 
tion  with  the  source  voltage  of  the  ac  power  supply 
1  and  according  to  the  load  condition  detected  by 
the  current  sensor  93.  Accordingly,  the  transistor 
160  or  162  is  closed  so  that  short-circuit  current 
starts  to  flow  from  the  ac  power  supply  1  through  a 
reactor  2  and  a  diode  bridge  7  (or  a  diode  bridge 
5)  only  for  a  period  which  is  preset  by  the  ON 
period  setting  circuit  169,  and  the  short-circuit  cur- 
rent  gradually  increases.  Subsequently,  when  the 
ON  period  is  terminated,  the  transistors  160  and 
162  are  opened  so  that  the  short-circuit  current 
which  has  been  flowing  in  the  reactor  2  becomes 
charging  current  in  a  capacitor  9  of  a  smoothing 
circuit  8,  and  starts  to  decrease.  Thereafter,  when 
the  source  voltage  of  the  ac  power  supply  1  is  in 
the  vicinity  of  peak  voltage,  the  diode  bridges  4,  7 
(or  the  diode  bridges  5,  6)  cause  the  charging 
current  in  the  capacitor  9  to  flow  through  the  reac- 
tor  2. 

At  this  time,  there  are  provided  a  source  volt- 
age  waveform  of  the  ac  power  supply  1  ,  and  input 
current  waveforms  of  the  dc  power-supply  unit 
under  a  light  load  and  a  heavy  load  as  shown  in 
Fig.  113.  As  seen  from  Fig.  113,  the  operation  is 
controlled  so  as  to  have  an  earlier  ON  signal  output 
timing  of  the  variable  ON  timing  generating  circuit 
179  under  a  light  load  than  the  ON  signal  output 
timing  the  under  a  heavy  load. 

Fig.  114  is  a  diagram  showing  a  relation  be- 
tween  a  load,  and  the  ON  signal  output  timing 
serving  as  the  overall  optimal  operating  point  in 
view  of  a  power  factor  and  a  current  higher  har- 
monic  characteristic,  that  is,  a  delay  time  Td  from  a 
zero  crossing  point  of  the  source  voltage  in  case 
an  ON  signal  output  period  of  the  ON  period  set- 
ting  circuit  169  is  set  to  a  certain  period  (for 
example,  one-twentieth  of  source  voltage  period). 
In  Fig.  114,  the  transverse  axis  represents  a  load 
normalized  by  rated  load  Po,  and  the  ordinate  axis 
represents  an  ON  signal  output  timing  normalized 

by  a  power  supply  period  T0.  In  the  embodiment, 
output  timing  of  the  variable  ON  timing  generating 
circuit  179  can  be  controlled  according  to  the  load 
condition  based  upon  the  relation  shown  in  Fig. 

5  114.  Further,  it  must  be  noted  that  the  output 
timing  of  the  variable  ON  timing  generating  circuit 
179  may  be  controlled  according  to  the  purpose. 
That  is,  while  a  particular  weight  is  given  to  the 
power  factor,  the  output  timing  may  be  controlled 

io  according  to  the  load  condition.  Alternatively,  while 
the  particular  weight  is  given  to  the  current  higher 
harmonic  characteristic,  the  output  timing  may  be 
controlled  according  to  the  load  condition. 

In  addition,  as  in  the  embodiment  41,  it  is  to  be 
is  understood  that  the  present  invention  should  not  be 

limited  to  the  load  current  detecting  means  as 
means  for  detecting  the  magnitude  of  the  load 
condition.  For  example,  it  is  also  possible  to  detect 
the  magnitude  of  the  load  condition  by  using  volt- 

20  age  fluctuation  in  the  capacitor  9  of  the  smoothing 
circuit  8,  or  the  input  current  of  the  dc  power- 
supply  unit.  Besides,  as  in  the  embodiment  40,  it 
must  be  noted  that  an  arrangement  of  the  transis- 
tors  should  not  be  limited. 

25 
Embodiment  49 

Fig.  115  is  a  circuit  diagram  showing  another 
embodiment  according  to  the  twenty-third  aspect  of 

30  the  present  invention.  In  Fig.  115,  reference  nu- 
meral  183  means  a  switch  controlling  circuit  includ- 
ing  a  polarity  deciding  circuit  163,  a  variable  ON 
timing  generating  circuit  179,  an  ON  period  setting 
circuit  171,  and  a  switch  driving  circuit  62. 

35  A  description  will  now  be  given  of  the  opera- 
tion.  As  in  the  embodiment  40  described  before, 
the  polarity  deciding  circuit  163  decides  polarity  of 
the  voltage  of  an  ac  power  supply  1,  and  drives  a 
transistor  160  when  the  polarity  of  the  voltage  is 

40  positive  or  drives  a  transistor  162  when  the  polarity 
of  the  voltage  is  negative.  The  variable  ON  timing 
generating  circuit  179  outputs  an  ON  signal 
through  the  switch  driving  circuit  62  in  synchroniza- 
tion  with  the  source  voltage  of  the  ac  power  supply 

45  1  and  according  to  the  load  condition  detected  by 
the  current  sensor  93.  Accordingly,  the  transistor 
160  or  162  is  closed  so  that  short-circuit  current 
starts  to  flow  from  the  ac  power  supply  1  through  a 
reactor  2  and  a  diode  bridge  7  (or  a  diode  bridge 

50  5)  only  for  a  period  which  is  output  by  the  variable 
ON  period  setting  circuit  171  according  to  a  load 
condition  detected  by  a  current  sensor  93,  and  the 
short-circuit  current  gradually  increases.  Subse- 
quently,  when  the  ON  period  is  terminated,  the 

55  transistors  160  and  162  are  opened  so  that  the 
short-circuit  current  which  has  been  flowing  in  the 
reactor  2  becomes  charging  current  in  a  capacitor 
9  of  a  smoothing  circuit  8,  and  starts  to  decrease. 
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Thereafter,  when  the  source  voltage  of  the  ac  pow- 
er  supply  1  is  in  the  vicinity  of  peak  voltage,  the 
diode  bridges  4,  7  (or  the  diode  bridges  5,  6) 
cause  the  charging  current  in  the  capacitor  9  to 
flow  through  the  reactor  2. 

At  this  time,  there  are  provided  a  source  volt- 
age  waveform  of  the  ac  power  supply  1  ,  and  input 
current  waveforms  of  the  dc  power-supply  unit 
under  a  light  load  and  a  heavy  load  as  in  the 
embodiment  47  shown  in  Fig.  111.  In  the  invention, 
each  output  timing  of  the  variable  ON  timing  gen- 
erating  circuit  179  and  the  variable  ON  period 
setting  circuit  171  can  be  controlled  according  to 
the  load  condition  so  as  to  provide  the  overall 
optimal  operating  point  in  view  of  a  power  factor 
and  a  current  higher  harmonic  characteristic.  Fur- 
ther,  it  must  be  noted  that  the  output  timing  of  the 
variable  ON  timing  generating  circuit  179  and  the 
variable  ON  period  setting  circuit  171  may  be  con- 
trolled  according  to  the  purpose.  That  is,  while  a 
particular  weight  is  given  to  the  power  factor,  the 
output  timing  may  be  controlled  according  to  the 
load  condition.  Alternatively,  while  the  particular 
weight  is  given  to  the  current  higher  harmonic 
characteristic,  the  output  timing  may  be  controlled 
according  to  the  load  condition. 

In  addition,  as  in  the  embodiment  41,  it  is  to  be 
understood  that  the  present  invention  should  not  be 
limited  to  the  load  current  detecting  means  as 
means  for  detecting  the  magnitude  of  the  load 
condition.  For  example,  it  is  also  possible  to  detect 
the  magnitude  of  the  load  condition  by  using  volt- 
age  fluctuation  in  a  capacitor  9  of  a  smoothing 
circuit  8,  or  the  input  current  of  the  dc  power- 
supply  unit.  Besides,  as  in  the  embodiment  40,  it 
must  be  noted  that  an  arrangement  of  the  transis- 
tors  should  not  be  limited. 

Embodiment  50 

Fig.  116  is  a  circuit  diagram  showing  another 
embodiment  according  to  the  twenty-third  aspect  of 
the  present  invention.  In  Fig.  116,  reference  nu- 
meral  184  means  a  switch  controlling  circuit  includ- 
ing  a  variable  ON  timing  generating  circuit  179,  a 
short-circuit  current  detecting  circuit  175,  and  a 
switch  driving  circuit  62. 

A  description  will  now  be  given  of  the  opera- 
tion.  As  in  the  embodiment  40  described  before, 
the  polarity  deciding  circuit  163  decides  polarity  of 
the  voltage  of  an  ac  power  supply  1,  and  drives  a 
transistor  160  when  the  polarity  of  the  voltage  is 
positive  or  drives  a  transistor  162  when  the  polarity 
of  the  voltage  is  negative.  The  variable  ON  timing 
generating  circuit  179  outputs  an  ON  signal 
through  the  switch  driving  circuit  62  in  synchroniza- 
tion  with  the  source  voltage  of  the  ac  power  supply 
1  and  according  to  the  load  condition  detected  by 

a  current  sensor  93.  Accordingly,  the  transistor  160 
or  162  is  closed  so  that  short-circuit  current  starts 
to  flow  from  the  ac  power  supply  1  through  a 
reactor  2  and  a  diode  bridge  7  (or  a  diode  bridge 

5  5),  and  the  short-circuit  current  gradually  increases. 
When  the  short-circuit  current  increases  and 
reaches  a  preset  value,  the  short-circuit  detecting 
circuit  175  outputs  the  OFF  signal  for  the  transistor 
160  or  162  through  the  switch  driving  circuit  62  to 

io  open  the  transistors  160  and  162.  Subsequently, 
the  short-circuit  current  which  has  been  flowing  in 
the  reactor  2  becomes  charging  current  in  a  ca- 
pacitor  9  of  a  smoothing  circuit  8,  and  starts  to 
decrease.  Thereafter,  when  the  source  voltage  of 

is  the  ac  power  supply  1  is  in  the  vicinity  of  peak 
voltage,  the  diode  bridges  4,  7  (or  the  diode  brid- 
ges  5,  6)  cause  the  charging  current  in  the  capaci- 
tor  9  to  flow  through  the  reactor  2. 

At  this  time,  there  are  provided  a  source  volt- 
20  age  waveform  of  the  ac  power  supply  1  ,  and  input 

current  waveforms  of  the  dc  power-supply  unit 
under  a  light  load  and  a  heavy  load  as  shown  in 
Fig.  117.  As  seen  from  Fig.  117,  the  operation  is 
controlled  so  as  to  have  a  later  ON  signal  output 

25  timing  of  the  variable  ON  timing  generating  circuit 
179  under  a  light  load  than  the  ON  signal  output 
timing  the  under  a  heavy  load. 

Fig.  118  is  a  diagram  showing  a  relation  be- 
tween  a  load,  and  the  ON  signal  output  timing 

30  serving  as  the  overall  optimal  operating  point  in 
view  of  a  power  factor  and  a  current  higher  har- 
monic  characteristic,  that  is,  a  delay  time  Td  from  a 
zero  crossing  point  of  the  source  voltage  in  case  a 
short-circuit  current  level  to  generate  the  OFF  sig- 

35  nal  for  the  transistors  160  and  162  is  set  to  a 
certain  period  (for  example,  four-fifths  of  average 
current  under  the  maximum  load).  In  Fig.  118,  the 
transverse  axis  represents  a  load  normalized  by 
rated  load  Po,  and  the  ordinate  axis  represents  an 

40  ON  signal  output  timing  normalized  by  a  power 
supply  period  T0.  In  the  embodiment,  output  timing 
of  the  variable  ON  timing  generating  circuit  179 
can  be  controlled  according  to  the  load  condition 
based  upon  the  relation  shown  in  Fig.  118.  Further, 

45  it  must  be  noted  that  the  output  timing  of  the 
variable  ON  timing  generating  circuit  179  may  be 
controlled  according  to  the  purpose.  That  is,  while 
a  particular  weight  is  given  to  the  power  factor,  the 
output  timing  may  be  controlled  according  to  the 

50  load  condition.  Alternatively,  while  the  particular 
weight  is  given  to  the  current  higher  harmonic 
characteristic,  the  output  timing  may  be  controlled 
according  to  the  load  condition. 

In  addition,  as  in  the  embodiment  41,  it  is  to  be 
55  understood  that  the  present  invention  should  not  be 

limited  to  the  load  current  detecting  means  as 
means  for  detecting  the  magnitude  of  the  load 
condition.  For  example,  it  is  also  possible  to  detect 
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the  magnitude  of  the  load  condition  by  using  volt- 
age  fluctuation  in  a  capacitor  9  of  a  smoothing 
circuit  8,  or  input  current  of  the  dc  power-supply 
unit.  Besides,  as  in  the  embodiment  40,  it  must  be 
noted  that  an  arrangement  of  the  transistors  should 
not  be  limited. 

Embodiment  51 

Fig.  119  is  a  circuit  diagram  showing  another 
embodiment  according  to  the  twenty-third  aspect  of 
the  present  invention.  In  Fig.  119,  reference  nu- 
meral  185  means  a  switch  controlling  circuit  includ- 
ing  a  polarity  deciding  circuit  163,  a  variable  ON 
timing  generating  circuit  179,  a  variable  short-cir- 
cuit  current  detecting  circuit  177,  and  a  switch 
driving  circuit  62. 

A  description  will  now  be  given  of  the  opera- 
tion.  As  in  the  embodiment  40  described  before, 
the  polarity  deciding  circuit  163  decides  polarity  of 
the  voltage  of  an  ac  power  supply  1,  and  drives  a 
transistor  160  when  the  polarity  of  the  voltage  is 
positive  or  drives  a  transistor  162  when  the  polarity 
of  the  voltage  is  negative.  The  variable  ON  timing 
generating  circuit  179  outputs  an  ON  signal 
through  the  switch  driving  circuit  62  in  synchroniza- 
tion  with  the  source  voltage  of  the  ac  power  supply 
1  and  according  to  the  load  condition  detected  by 
a  current  sensor  93.  Accordingly,  the  transistor  160 
or  162  is  closed  so  that  short-circuit  current  starts 
to  flow  from  the  ac  power  supply  1  through  a 
reactor  2  and  a  diode  bridge  7  (or  a  diode  bridge 
5),  and  the  short-circuit  current  gradually  increases. 
When  the  short-circuit  current  increases  so  that  a 
detected  value  of  a  current  sensor  173  or  174 
reaches  a  value  which  is  set  according  to  the  load 
condition  detected  by  the  current  sensor  93,  the 
variable  short-circuit  detecting  circuit  177  outputs 
the  OFF  signal  for  the  transistor  160  or  162  through 
the  switch  driving  circuit  62  to  open  the  transistors 
160  and  162.  Subsequently,  the  short-circuit  cur- 
rent  which  has  been  flowing  in  the  reactor  2  be- 
comes  charging  current  in  a  capacitor  9  of  a 
smoothing  circuit  8,  and  starts  to  decrease.  There- 
after,  when  the  source  voltage  of  the  ac  power 
supply  1  is  in  the  vicinity  of  peak  voltage,  the  diode 
bridges  4,  7  (or  the  diode  bridges  5,  6)  cause  the 
charging  current  in  the  capacitor  9  to  flow  through 
the  reactor  2. 

At  this  time,  there  are  provided  the  same 
source  voltage  waveform  of  the  ac  power  supply  1  , 
and  the  same  input  current  waveforms  of  the  dc 
power-supply  unit  under  a  light  load  and  a  heavy 
load  as  in  the  embodiment  47  shown  in  Fig.  111.  In 
the  embodiment,  the  output  timing  of  the  variable 
ON  timing  generating  circuit  179  and  the  short- 
circuit  current  setting  level  of  the  variable  short- 
circuit  current  detecting  circuit  177  can  be  con- 

trolled  according  to  the  load  condition  so  as  to 
provide  the  overall  optimal  operating  point  in  view 
of  a  power  factor  and  a  current  higher  harmonic 
characteristic.  Further,  it  must  be  noted  that  the 

5  output  timing  of  the  variable  ON  timing  generating 
circuit  179  and  the  short-circuit  current  setting  level 
of  the  variable  short-circuit  current  detecting  circuit 
177  may  be  controlled  according  to  the  purpose. 
That  is,  while  a  particular  weight  is  given  to  the 

io  power  factor,  the  output  timing  and  the  short-circuit 
current  setting  level  may  be  controlled  according  to 
the  load  condition.  Alternatively,  while  the  particular 
weight  is  given  to  the  current  higher  harmonic 
characteristic,  the  output  timing  and  the  short-cir- 

15  cuit  current  detecting  level  may  be  controlled  ac- 
cording  to  the  load  condition. 

In  addition,  as  in  the  embodiment  41,  it  is  to  be 
understood  that  the  present  invention  should  not  be 
limited  to  the  load  current  detecting  means  as 

20  means  for  detecting  the  magnitude  of  the  load 
condition.  For  example,  it  is  also  possible  to  detect 
the  magnitude  of  the  load  condition  by  using  volt- 
age  fluctuation  in  the  capacitor  9  of  the  smoothing 
circuit  8,  or  input  current  of  the  dc  power-supply 

25  unit.  Besides,  as  in  the  embodiment  40,  it  must  be 
noted  that  an  arrangement  of  the  transistors  should 
not  be  limited. 

Embodiment  52 
30 

The  embodiments  37  to  51  have  been  de- 
scribed  with  reference  to  a  dc  power-supply  unit  in 
which  at  least  two  or  more  transistors  159  to  162 
are  connected  to  diode  bridges  4  to  7.  However,  in 

35  case  a  field-effect  transistor  (MOSFET)  is  em- 
ployed  as  switching  means,  diodes  connected  in 
parallel  with  the  switching  means  may  be  a  para- 
sitic  diode  of  the  switching  means. 

40  Embodiment  53 

All  the  switch  driving  circuits  in  the  embodi- 
ments  1  to  53  may  be  provided  by  employing  a 
microprocessor.  Fig.  120  is  a  circuit  diagram  show- 

45  ing  one  embodiment  in  case  the  microprocessor  is 
employed.  In  Fig.  120,  reference  numeral  186 
means  a  microprocessor  to  operate  to  find  ON 
timing  and  OFF  timing  depending  upon  source 
voltage  of  an  ac  power  supply  1,  and  information 

50  from  current  sensors  200  and  82. 
A  description  will  now  be  give  of  the  operation. 

The  microprocessor  186  decides  a  zero-cross  in 
synchronization  with  the  source  voltage  of  the  ac 
power  supply  1,  and  subsequently  decides  mag- 

55  nitude  of  a  load  depending  upon  a  signal  from  the 
current  sensor  200.  The  microprocessor  186  out- 
puts  an  ON  signal  to  a  switch  driving  circuit  62  at  a 
switching  start  time  which  is  set  for  a  heavy  load  if 

39 
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the  load  is  heavy,  or  outputs  the  ON  signal  to  the 
switch  driving  circuit  62  at  a  switching  start  time 
which  is  set  for  a  light  load  if  the  load  is  light. 
When  a  switch  21  is  closed  in  response  to  the  ON 
signal  output  to  the  switch  driving  circuit  62,  the  ac 
power  supply  1  is  short-circuited  through  a  reactor 
2  and  a  diode  bridge  7  (or  a  diode  bridge  5)  to 
conduct  current,  and  the  current  gradually  in- 
creases.  In  the  microprocessor  186,  an  ON  time 
according  to  a  load  10  is  set  when  the  switching 
start  time  is  set  according  to  the  load  10.  After  the 
elapse  of  the  ON  time  from  the  switching  start 
time,  an  OFF  signal  is  output  to  a  switch  21 
through  the  switch  driving  circuit  62  to  open  the 
switch  21.  Then,  short-circuit  current  which  has 
been  flowing  in  a  reactor  2  passes  through  a  diode 
13  to  become  charging  current  in  a  capacitor  9  of  a 
smoothing  circuit  8,  and  starts  to  decrease.  There- 
after,  when  the  source  voltage  of  the  ac  power 
supply  1  is  in  the  vicinity  of  peak  voltage,  the  diode 
bridges  4,  7  (or  the  diode  bridges  5,  6)  cause  the 
charging  current  in  the  capacitor  9  to  flow  through 
the  reactor  2  and  the  diode  13.  If  the  current 
sensor  82  detects  overcurrent  before  the  elapse  of 
the  ON  time  or  detects  dc  overvoltage  across  the 
capacitor  9,  the  OFF  signal  is  immediately  output 
to  the  switch  21  through  the  switch  driving  circuit 
62,  resulting  in  opening  the  switch  21. 

A  description  will  now  be  given  of  the  operation 
in  the  microprocessor  with  reference  to  a  flowchart. 
Fig.  121  is  a  flowchart  of  a  program  operating  in 
the  microprocessor.  Information  to  be  input  in  Step 
ST20  are  the  zero-cross  of  the  source  voltage  of 
the  ac  power  supply  1,  load  current  detected  by 
the  current  sensor  200,  the  overcurrent  detected  by 
the  current  sensor  82,  and  the  dc  overvoltage 
across  the  capacitor  9.  In  Step  ST21  ,  it  is  decided 
whether  or  not  the  source  voltage  of  the  ac  power 
supply  1  becomes  the  zero-cross  depending  upon 
these  information.  The  process  returns  to  Step 
ST20  if  the  source  voltage  is  not  the  zero-cross,  or 
the  process  proceeds  to  Step  ST22  if  it  is  the  zero- 
cross.  In  Step  ST22,  the  magnitude  of  the  load  10 
is  decided  depending  upon  the  load  current  value 
detected  by  the  current  sensor  200.  The  process 
proceeds  to  Step  ST23  if  the  load  10  is  heavy,  or 
proceeds  to  Step  ST31  if  the  load  10  is  light.  In 
Step  ST23,  the  switching  start  time  tsw1  used  for  a 
heavy  load  is  set.  In  Step  ST24,  an  ON  time  toni 
used  for  the  heavy  load  is  set.  In  Step  ST25,  it  is 
decided  whether  or  not  a  time  counted  from  the 
zero-cross  reaches  the  switching  start  time  tsw1.  If 
the  counted  time  does  not  reach  the  switching  start 
time,  the  process  waits  until  it  reaches  the  switch- 
ing  start  time.  The  process  proceeds  to  Step  ST26 
if  the  counted  time  reaches  the  switching  start 
time.  In  Step  ST26,  the  ON  signal  is  output  to  the 
switch  driving  circuit  62.  In  Step  ST27,  it  is  decided 

whether  or  not  the  overcurrent  is  detected  by  the 
current  sensor  82.  The  process  proceeds  to  Step 
ST30  if  the  overcurrent  is  detected,  and  otherwise 
proceeds  to  Step  ST28.  In  Step  ST28,  it  is  decided 

5  whether  or  not  the  dc  voltage  across  the  capacitor 
9  is  the  overvoltage.  The  process  proceeds  to  Step 
ST30  if  the  dc  voltage  is  the  overvoltage,  and 
otherwise  proceeds  to  Step  ST29.  In  Step  ST29,  it 
is  decided  whether  or  not  a  time  counted  from  the 

io  switching  start  time  reaches  the  ON  time  toni-  The 
process  returns  to  Step  ST30  if  the  counted  time 
reaches  the  ON  time,  and  otherwise  returns  to  Step 
ST25.  In  Step  ST30,  the  OFF  signal  is  output  to  the 
switch  driving  circuit  62,  and  the  process  returns  to 

is  Step  ST20.  If  the  load  is  light,  the  same  operation 
is  performed  in  Steps  ST31  to  ST38  as  those  in 
Steps  ST23  to  ST30. 

Embodiment  54 
20 

Fig.  122  is  a  circuit  diagram  showing  another 
embodiment  in  case  the  microprocessor  is  em- 
ployed.  In  Fig.  122,  reference  numeral  187  means 
a  microprocessor. 

25  A  description  will  now  be  give  of  the  operation. 
Fig.  123  is  a  flowchart  showing  the  operation. 

First,  a  zero-cross  is  detected  in  Step  ST101.  Step 
ST101  is  repeated  until  the  zero-cross  is  detected. 
In  Step  ST102,  a  delay  time  is  set  to  a  timer  A1 

30  after  the  zero-cross  is  detected,  and  the  delay  time 
is  counted  in  Step  ST103.  After  completion  of 
count  of  the  time  set  to  the  timer  A1  ,  a  time  period 
for  which  ON/OFF  states  of  a  switch  21  are  re- 
peated  is  set  to  a  timer  A2,  an  ON  time  of  the 

35  switch  21  is  set  to  a  timer  B1  ,  and  an  OFF  time  of 
the  switch  21  is  set  to  a  timer  B2  in  Steps  ST104 
to  ST106.  In  this  case,  the  timer  A2  starts  imme- 
diately  after  the  time  is  set  to  the  timer  A2,  and 
continues  counting  irrespective  of  running  of  other 

40  programs.  At  this  time,  the  timers  B1  and  B2  have 
not  started  yet.  In  Step  ST107,  a  flag(1)  is  set  to 
indicate  that  the  switch  21  is  ON,  and  the  switch  21 
is  turned  ON.  Step  ST108  is  a  subroutine  to  call  a 
program  to  determine  the  ON/OFF  states  of  the 

45  switch  21,  and  a  flowchart  thereof  is  shown  in 
Steps  ST201  to  ST210.  Subsequently,  the  process 
proceeds  to  Step  ST10  if  the  count  of  the  timer  A2 
is  completed  in  Step  ST109,  and  otherwise  returns 
to  Step  ST108.  Steps  ST108  to  ST109  are  re- 

50  peated  until  the  count  of  the  timer  A2  is  completed. 
In  Step  ST110,  the  switch  21  is  turned  OFF,  and 
the  process  returns  to  Step  ST101. 

A  description  will  now  be  given  of  a  PWM 
signal  generating  routine  (in  Steps  ST201  to 

55  ST210).  The  process  proceeds  to  Step  ST202  or 
Step  ST206  from  Step  ST201  according  to  the 
flag(1)  set  in  Step  ST107.  When  the  flag(1)  is  set, 
the  process  proceeds  to  Step  ST202  to  start  the 

40 
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timer  B1  .  However,  Step  ST202  is  bypassed  if  the 
timer  B1  has  started  to  count.  In  Step  ST203,  it  is 
checked  whether  or  not  the  count  of  the  timer  B1 
has  been  completed,  and  the  process  exits  from 
the  program  in  Step  ST210  if  the  count  has  not 
been  completed.  In  case  the  count  is  completed, 
the  flag(1)  is  reset  and  the  switch  21  is  turned  OFF 
in  Step  ST204.  Subsequently,  the  timer  B1  is  stop- 
ped  in  Step  ST205,  and  the  ON  time  is  set  again. 
Then,  the  process  proceeds  to  Step  ST210  to  exit 
the  program. 

Similarly,  in  Step  ST206,  the  timer  B2  is  start- 
ed.  However,  Step  ST206  is  bypassed  if  the  timer 
B1  has  started  to  count.  In  Step  ST207,  it  is 
checked  whether  or  not  the  count  of  the  timer  B2 
has  been  completed,  and  the  process  exits  from 
the  program  in  Step  ST210  if  the  count  has  not 
been  completed.  In  case  the  count  is  completed, 
the  flag(1)  is  reset  and  the  switch  21  is  turned  ON 
in  Step  ST208.  Subsequently,  the  timer  B2  is  stop- 
ped  in  Step  ST209,  and  the  OFF  time  is  set  again. 
Then,  the  process  proceeds  to  Step  ST210  to  exit 
the  program. 

Thereby,  it  is  possible  to  switch  the  switch  21 
for  a  certain  time  period  after  elapse  of  a  predeter- 
mined  time  from  the  zero-cross  point  of  the  volt- 
age. 

As  set  forth  above,  according  to  the  first  aspect 
of  the  present  invention,  the  dc  power-supply  unit 
is  provided  to,  when  the  ac  voltage  of  the  ac  power 
supply  passes  through  the  zero  point,  close  the 
switching  means  after  the  preset  first  delay  time 
from  the  passing  through  time,  and  open  the 
switching  means  after  the  preset  second  delay  time 
from  the  passing  through  time.  Therefore,  the 
charging  current  can  flow  even  if  the  voltage  of  the 
ac  power-supply  is  lower  than  capacitor  voltage  of 
smoothing  means.  As  a  result,  there  are  some 
effects  such  as  the  optimal  improvement  of  the 
power  factor  because  the  higher  harmonic  compo- 
nent  of  the  input  current  is  reduced. 

According  to  the  second  aspect  of  the  present 
invention,  the  dc  power-supply  unit  is  provided  to, 
when  the  ac  voltage  of  the  ac  power  supply  passes 
through  the  zero  point,  close  the  switching  means 
after  the  preset  delay  time  from  the  passing 
through  time,  and  open  the  switching  means  after 
the  preset  time  period  from  the  closing  time. 
Therefore,  the  charging  current  can  flow  even  if  the 
voltage  of  the  ac  power-supply  is  lower  than  ca- 
pacitor  voltage  of  smoothing  means.  As  a  result, 
there  are  some  effects  such  as  the  optimal  im- 
provement  of  the  power  factor  because  the  higher 
harmonic  component  of  the  input  current  is  re- 
duced. 

According  to  the  third  aspect  of  the  present 
invention,  the  dc  power-supply  unit  is  provided  to, 
when  the  ac  voltage  of  the  ac  power  supply  passes 

through  the  zero  point,  close  the  switching  means 
after  the  preset  delay  time  from  the  passing 
through  time,  and  open  the  switching  means  when 
the  value  of  the  short-circuit  current  becomes  the 

5  predetermined  value  after  the  closing  operation. 
Therefore,  the  charging  current  can  flow  even  if  the 
voltage  of  the  ac  power-supply  is  lower  than  ca- 
pacitor  voltage  of  smoothing  means.  As  a  result, 
there  are  some  effects  such  as  the  optimal  im- 

io  provement  of  the  power  factor  because  the  higher 
harmonic  component  of  the  input  current  is  re- 
duced. 

According  to  the  fourth  aspect  of  the  present 
invention,  the  dc  power-supply  unit  is  provided  to, 

is  when  the  ac  voltage  of  the  ac  power  supply  passes 
through  the  zero  point,  select  the  first  delay  time  or 
the  second  delay  time  depending  upon  the  results 
of  detection  of  the  load  condition  detecting  means 
so  as  to  close  the  switching  means  after  the  se- 

20  lected  delay  time  from  the  passing  through  time, 
and  open  the  switching  means  after  the  third  delay 
time  from  the  passing  through  time.  Therefore,  the 
charging  current  can  flow  according  to  magnitude 
of  the  load  even  if  the  voltage  of  the  ac  power- 

25  supply  is  lower  than  capacitor  voltage  of  smoothing 
means.  As  a  result,  there  are  some  effects  such  as 
the  optimal  improvement  of  the  power  factor  be- 
cause  the  higher  harmonic  component  of  the  input 
current  is  reduced  even  if  the  magnitude  of  the 

30  load  fluctuates. 
According  to  the  fifth  aspect  of  the  present 

invention,  the  dc  power-supply  unit  is  provided  to, 
when  the  ac  voltage  of  the  ac  power  supply  passes 
through  the  zero  point,  select  the  first  delay  time  or 

35  the  second  delay  time  depending  upon  the  results 
of  detection  of  the  load  condition  detecting  means 
so  as  to  close  the  switching  means  after  the  se- 
lected  delay  time  from  the  passing  through  time, 
and  open  the  switching  means  after  the  predeter- 

40  mined  time  from  the  closing  time.  Therefore,  the 
charging  current  can  flow  according  to  magnitude 
of  the  load  even  if  the  voltage  of  the  ac  power- 
supply  is  lower  than  capacitor  voltage  of  smoothing 
means.  As  a  result,  there  are  some  effects  such  as 

45  the  optimal  improvement  of  the  power  factor  be- 
cause  the  higher  harmonic  component  of  the  input 
current  is  reduced  even  if  the  magnitude  of  the 
load  fluctuates. 

According  to  the  sixth  aspect  of  the  present 
50  invention,  the  dc  power-supply  unit  is  provided  to, 

when  the  ac  voltage  of  the  ac  power  supply  passes 
through  the  zero  point,  select  the  first  delay  time  or 
the  second  delay  time  depending  upon  the  results 
of  detection  of  the  load  condition  detecting  means 

55  so  as  to  close  the  switching  means  after  the  se- 
lected  delay  time  from  the  passing  through  time, 
and  open  the  switching  means  when  the  value  of 
short-circuit  current  becomes  the  predetermined 

41 
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value  after  the  closing  operation.  Therefore,  the 
charging  current  can  flow  according  to  magnitude 
of  the  load  even  if  the  voltage  of  the  ac  power- 
supply  is  lower  than  capacitor  voltage  of  smoothing 
means.  As  a  result,  there  are  some  effects  such  as 
the  optimal  improvement  of  the  power  factor  be- 
cause  the  higher  harmonic  component  of  the  input 
current  is  reduced  even  if  the  magnitude  of  the 
load  fluctuates. 

According  to  the  seventh  aspect  of  the  present 
invention,  the  dc  power-supply  unit  is  provided  to, 
when  the  ac  voltage  of  the  ac  power  supply  passes 
through  the  zero  point,  close  the  switching  means 
after  the  first  delay  time  from  the  passing  through 
time,  and  select  the  second  delay  time  or  the  third 
delay  time  depending  upon  the  results  of  detection 
of  the  load  condition  detecting  means  so  as  to 
open  the  switching  means  after  the  selected  delay 
time  from  the  passing  through  time.  Therefore,  the 
charging  current  can  flow  according  to  magnitude 
of  the  load  even  if  the  voltage  of  the  ac  power- 
supply  is  lower  than  capacitor  voltage  of  smoothing 
means.  As  a  result,  there  are  some  effects  such  as 
the  optimal  improvement  of  the  power  factor  be- 
cause  the  higher  harmonic  component  of  the  input 
current  is  reduced  even  if  the  magnitude  of  the 
load  fluctuates. 

According  to  the  eighth  aspect  of  the  present 
invention,  the  dc  power-supply  unit  is  provided  to, 
when  the  ac  voltage  of  the  ac  power  supply  passes 
through  the  zero  point,  close  the  switching  means 
after  the  first  delay  time  from  the  passing  through 
time,  and  select  the  second  delay  time  or  the  third 
delay  time  depending  upon  the  results  of  detection 
of  the  load  condition  detecting  means  so  as  to 
open  the  switching  means  after  the  selected  delay 
time  from  the  closing  time.  Therefore,  the  charging 
current  can  flow  according  to  magnitude  of  the  load 
even  if  the  voltage  of  the  ac  power-supply  is  lower 
than  capacitor  voltage  of  smoothing  means.  As  a 
result,  there  are  some  effects  such  as  the  optimal 
improvement  of  the  power  factor  because  the  high- 
er  harmonic  component  of  the  input  current  is 
reduced  even  if  the  magnitude  of  the  load  fluc- 
tuates. 

According  to  the  ninth  aspect  of  the  present 
invention,  the  dc  power-supply  unit  is  provided  to, 
when  the  ac  voltage  of  the  ac  power  supply  passes 
through  the  zero  point,  close  the  switching  means 
after  the  preset  delay  time  from  the  passing 
through  time,  and  decide  whether  or  not  the  value 
of  the  short-circuit  current  becomes  the  predeter- 
mined  value  preset  according  to  the  magnitude  of 
load  after  the  closing  operation  depending  upon  the 
load  condition  detecting  means  so  as  to  open  the 
switching  means  in  case  the  decision  is  made  that 
the  short-circuit  current  becomes  the  predeter- 
mined  value.  Therefore,  the  charging  current  can 

flow  according  to  the  magnitude  of  the  load  even  if 
the  voltage  of  the  ac  power-supply  is  lower  than 
capacitor  voltage  of  smoothing  means.  As  a  result, 
there  are  some  effects  such  as  the  optimal  im- 

5  provement  of  the  power  factor  because  the  higher 
harmonic  component  of  the  input  current  is  re- 
duced  even  if  the  magnitude  of  the  load  fluctuates. 

According  to  the  tenth  aspect  of  the  present 
invention,  the  dc  power-supply  is  provided  to,  when 

io  the  ac  voltage  of  the  ac  power  supply  passes 
through  the  zero  point,  select  the  first  delay  time  or 
the  second  delay  time  depending  upon  the  results 
of  detection  of  the  load  condition  detecting  means 
so  as  to  close  the  switching  means  after  the  se- 

15  lected  delay  time  from  the  passing  through  time, 
and  select  the  third  delay  time  or  the  fourth  delay 
time  depending  upon  the  results  of  detection  of  the 
load  condition  detecting  means  so  as  to  open  the 
switching  means  after  the  selected  delay  time  from 

20  the  passing  through  time.  Therefore,  the  charging 
current  can  flow  according  to  magnitude  of  the  load 
even  if  the  voltage  of  the  ac  power-supply  is  lower 
than  capacitor  voltage  of  smoothing  means.  As  a 
result,  there  are  some  effects  such  as  the  optimal 

25  improvement  of  the  power  factor  because  the  high- 
er  harmonic  component  of  the  input  current  is 
reduced  even  if  the  magnitude  of  the  load  fluc- 
tuates. 

According  to  the  eleventh  aspect  of  the  present 
30  invention,  the  dc  power-supply  is  provided  to,  when 

the  ac  voltage  of  the  ac  power  supply  passes 
through  the  zero  point,  select  the  first  delay  time  or 
the  second  delay  time  depending  upon  the  results 
of  detection  of  the  load  condition  detecting  means 

35  so  as  to  close  the  switching  means  after  the  se- 
lected  delay  time  from  the  passing  through  time, 
and  select  the  third  delay  time  or  the  fourth  delay 
time  depending  upon  the  results  of  detection  of  the 
load  condition  detecting  means  so  as  to  open  the 

40  switching  means  after  the  selected  delay  time  from 
the  closing  operation.  Therefore,  the  charging  cur- 
rent  can  flow  according  to  magnitude  of  the  load 
even  if  the  voltage  of  the  ac  power-supply  is  lower 
than  capacitor  voltage  of  smoothing  means.  As  a 

45  result,  there  are  some  effects  such  as  the  optimal 
improvement  of  the  power  factor  because  the  high- 
er  harmonic  component  of  the  input  current  is 
reduced  even  if  the  magnitude  of  the  load  fluc- 
tuates. 

50  According  to  the  twelfth  aspect  of  the  present 
invention,  the  dc  power-supply  unit  is  provided  to, 
when  the  ac  voltage  of  the  ac  power  supply  passes 
through  the  zero  point,  select  the  first  delay  time  or 
the  second  delay  time  depending  upon  the  results 

55  of  detection  of  the  load  condition  detecting  means 
so  as  to  close  the  switching  means  after  the  se- 
lected  delay  time  from  the  passing  through  time, 
and  decide  whether  or  not  the  value  of  the  short- 

42 
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circuit  current  becomes  the  predetermined  value 
preset  according  to  the  magnitude  of  load  after  the 
closing  operation  depending  upon  the  load  con- 
dition  detecting  means  so  as  to  open  the  switching 
means  in  case  the  decision  is  made  that  the  short- 
circuit  current  becomes  the  predetermined  value. 
Therefore,  the  charging  current  can  flow  according 
to  the  magnitude  of  the  load  even  if  the  voltage  of 
the  ac  power-supply  is  lower  than  capacitor  voltage 
of  smoothing  means.  As  a  result,  there  are  some 
effects  such  as  the  optimal  improvement  of  the 
power  factor  because  the  higher  harmonic  compo- 
nent  of  the  input  current  is  reduced  even  if  the 
magnitude  of  the  load  fluctuates. 

According  to  the  thirteenth  aspect  of  the 
present  invention,  the  dc  power-supply  unit  is  pro- 
vided  to  detect  the  power  factor  of  the  ac  power 
output  from  the  ac  power  supply,  and  compare  the 
power  factor  with  the  predetermined  value  so  as  to 
correct  the  delay  time  which  is  set  in  the  switch 
controlling  means  to  close  the  switching  means 
depending  upon  results  of  the  comparison.  There- 
fore,  the  power  factor  of  the  ac  power  corresponds 
to  the  predetermined  value.  As  a  result,  there  are 
some  effects  such  as  more  accurate  improvement 
of  the  power  factor. 

According  to  the  fourteenth  aspect  of  the 
present  invention,  the  dc  power-supply  unit  is  pro- 
vided  to  detect  the  power  factor  of  the  ac  power 
output  from  the  ac  power  supply,  and  compare  the 
power  factor  with  the  predetermined  value  so  as  to 
correct  the  second  delay  time  which  is  set  in  the 
switch  controlling  means  to  open  the  switching 
means  depending  upon  results  of  the  comparison. 
Therefore,  the  power  factor  of  the  ac  power  cor- 
responds  to  the  predetermined  value.  As  a  result, 
there  are  some  effects  such  as  more  accurate 
improvement  of  the  power  factor. 

According  to  the  fifteenth  aspect  of  the  present 
invention,  the  dc  power-supply  unit  is  provided  to 
detect  the  relative  harmonic  content  in  the  ac  pow- 
er  output  from  the  ac  power  supply,  and  compare 
the  relative  harmonic  content  with  the  predeter- 
mined  value  so  as  to  correct  the  delay  time  which 
is  set  in  the  switch  controlling  means  to  close  the 
switching  means  depending  upon  results  of  the 
comparison.  Therefore,  the  relative  harmonic  con- 
tent  in  the  ac  power  corresponds  to  the  predeter- 
mined  value.  As  a  result,  there  are  some  effects 
such  as  more  accurate  improvement  of  the  power 
factor. 

According  to  the  sixteenth  aspect  of  the 
present  invention,  the  dc  power-supply  unit  is  pro- 
vided  to  detect  the  relative  harmonic  content  in  the 
ac  power  output  from  the  ac  power  supply,  and 
compare  the  relative  harmonic  content  with  the 
predetermined  value  so  as  to  correct  the  second 
delay  time  which  is  set  in  the  switch  controlling 

means  to  open  the  switching  means  depending 
upon  results  of  the  comparison.  Therefore,  the  rela- 
tive  harmonic  content  in  the  ac  power  corresponds 
to  the  predetermined  value.  As  a  result,  there  are 

5  some  effects  such  as  more  accurate  improvement 
of  the  power  factor. 

According  to  the  seventeenth  aspect  of  the 
present  invention,  the  dc  power-supply  unit  is  pro- 
vided  to  detect  the  distortion  in  the  waveform  of  the 

io  ac  power  supply,  and  compare  the  distortion  in  the 
waveform  with  the  predetermined  value  so  as  to 
correct  the  delay  time  which  is  set  in  the  switch 
controlling  means  to  close  the  switching  means 
depending  upon  results  of  the  comparison.  There- 

15  fore,  the  distortion  in  the  waveform  of  the  ac  power 
corresponds  to  the  predetermined  value.  As  a  re- 
sult,  there  are  some  effects  such  as  more  accurate 
improvement  of  the  power  factor. 

According  to  the  eighteenth  aspect  of  the 
20  present  invention,  the  dc  power-supply  unit  is  pro- 

vided  to  detect  the  distortion  in  the  waveform  of  the 
ac  power  supply,  and  compare  the  distortion  in  the 
waveform  with  the  predetermined  value  so  as  to 
correct  the  second  delay  time  which  is  set  in  the 

25  switch  controlling  means  to  open  the  switching 
means  depending  upon  results  of  the  comparison. 
Therefore,  the  distortion  in  the  waveform  of  the  ac 
power  corresponds  to  the  predetermined  value.  As 
a  result,  there  are  some  effects  such  as  more 

30  accurate  improvement  of  the  power  factor. 
According  to  the  nineteenth  aspect  of  the 

present  invention,  the  dc  power-supply  unit  is  pro- 
vided  to  detect  the  power  factor  and  the  relative 
harmonic  content  in  the  ac  power  output  from  the 

35  ac  power  supply,  and  compare  the  power  factor 
with  the  predetermined  value  so  as  to  correct  the 
first  delay  time  which  is  set  in  the  switch  controlling 
means  to  close  the  switching  means  depending 
upon  results  of  the  comparison,  and  so  as  to  cor- 

40  rect  the  second  delay  time  which  is  set  in  the 
switch  controlling  means  to  open  the  switching 
means  depending  upon  results  of  the  comparison. 
Therefore,  the  power  factor  and  the  relative  har- 
monic  content  in  the  ac  power  correspond  to  the 

45  respective  predetermined  values.  As  a  result,  there 
are  some  effects  such  as  more  accurate  improve- 
ment  of  the  power  factor. 

According  to  the  twentieth  aspect  of  the 
present  invention,  the  dc  power-supply  unit  is  pro- 

50  vided  to  detect  the  power  factor  and  the  relative 
harmonic  content  in  the  ac  power  output  from  the 
ac  power  supply,  and  compare  the  relative  har- 
monic  content  with  the  predetermined  value  so  as 
to  correct  the  first  delay  time  which  is  set  in  the 

55  switch  controlling  means  to  close  the  switching 
means  depending  upon  results  of  the  comparison, 
and  so  as  to  correct  the  second  delay  time  which 
is  set  in  the  switch  controlling  means  to  open  the 
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switching  means  depending  upon  results  of  the 
comparison.  Therefore,  the  power  factor  and  the 
relative  harmonic  content  in  the  ac  power  cor- 
respond  to  the  respective  predetermined  values.  As 
a  result,  there  are  some  effects  such  as  more 
accurate  improvement  of  the  power  factor. 

According  to  the  twenty-first  aspect  of  the 
present  invention,  the  dc  power-supply  unit  is  pro- 
vided  to  open  the  switching  means  when  the  over- 
voltage  is  detected  by  the  overvoltage  detecting 
means  after  the  switching  means  is  closed.  There- 
fore,  the  charging  current  can  flow  even  if  the 
voltage  of  an  ac  power  supply  is  lower  than  capaci- 
tor  voltage  of  smoothing  means.  As  a  result,  there 
are  some  effects  such  as  the  optimal  improvement 
of  the  power  factor  because  the  higher  harmonic 
component  of  the  input  current  is  reduced. 

According  to  the  twenty-second  aspect  of  the 
present  invention,  the  dc  power-supply  unit  is  pro- 
vided  to  repeatedly  open  and  close  the  switching 
means  at  predetermined  intervals  until  the  switch- 
ing  means  is  opened  after  the  switching  means  is 
closed.  Therefore,  in  case  the  voltage  of  the  ac 
power  supply  is  lower  than  capacitor  voltage  of 
smoothing  means,  it  is  possible  to  feed  charging 
current  while  preventing  excessive  short-circuit  cur- 
rent  from  flowing.  As  a  result,  there  are  some 
effects  such  as  the  optimal  improvement  of  the 
power  factor  because  the  higher  harmonic  compo- 
nent  of  the  input  current  is  reduced. 

According  to  the  twenty-third  aspect  of  the 
present  invention,  the  dc  power-supply  unit  is  pro- 
vided  to  short-circuit  at  least  one  of  the  plurality  of 
rectifying  devices  forming  the  rectifying  means. 
Therefore,  the  charging  current  can  flow  even  if  the 
voltage  of  an  ac  power  supply  is  lower  than  capaci- 
tor  voltage  of  smoothing  means.  As  a  result,  there 
are  some  effects  such  as  the  optimal  improvement 
of  the  power  factor  because  the  higher  harmonic 
component  of  the  input  current  is  reduced. 

In  the  dc  power-supply  unit  according  to  the 
twenty-fourth  aspect  of  the  present  invention,  the 
inductive  element  is  connected  between  the  one 
terminal  on  the  ac  side  of  the  rectifying  means  and 
the  ac  power  supply.  Therefore,  the  charging  cur- 
rent  can  flow  even  if  the  voltage  of  the  ac  power 
supply  is  lower  than  capacitor  voltage  of  smoothing 
means  as  in  the  case  of  the  first  aspect  of  the 
present  invention.  As  a  result,  there  are  some  ef- 
fects  such  as  the  optimal  improvement  of  the  pow- 
er  factor  because  the  higher  harmonic  component 
of  the  input  current  is  reduced. 

While  preferred  embodiments  of  the  invention 
have  been  described  using  specific  terms,  such 
description  is  for  illustrative  purposes  only,  and  it  is 
to  be  understood  that  changes  and  variations  may 
be  made  without  departing  from  the  spirit  or  scope 
of  the  following  claims. 

A  dc  power-supply  unit  converting  ac  power 
into  dc  power  is  provided  to,  when  ac  voltage 
and/or  ac  current  of  an  ac  power  supply  passes 
through  a  zero  point,  close  a  switch  after  a  preset 

5  first  delay  time  from  a  passing  through  time,  and 
open  the  switch  after  a  preset  second  delay  time 
from  the  passing  through  time. 

Claims 
10 

1.  A  dc  power-supply  unit  comprising: 
rectifying  means  for  converting  ac  power 

output  from  an  ac  power  supply  into  dc  power 
so  as  to  feed  to  a  load; 

is  an  inductive  element  whose  one  end  is 
connected  to  one  terminal  on  the  dc  side  of 
said  rectifying  means; 

switching  means  connected  between  the 
other  end  of  said  inductive  element  and  the 

20  other  terminal  on  the  dc  side  of  said  rectifying 
means  to  perform  a  switching  operation;  and 

smoothing  means  connected  in  parallel 
with  said  switching  means,  and  said  dc  power- 
supply  unit  further  comprising: 

25  switch  controlling  means  in  which  first  and 
second  delay  times  are  preset  so  as  to,  when 
ac  voltage  and/or  ac  current  of  said  ac  power 
supply  passes  through  a  zero  point,  close  said 
switching  means  after  said  preset  first  delay 

30  time  from  a  passing  through  time,  and  open 
said  switching  means  after  said  second  delay 
time  from  said  passing  through  time. 

2.  A  dc  power-supply  unit  comprising: 
35  rectifying  means  for  converting  ac  power 

output  from  an  ac  power  supply  into  dc  power 
so  as  to  feed  to  a  load; 

an  inductive  element  whose  one  end  is 
connected  to  one  terminal  on  the  dc  side  of 

40  said  rectifying  means; 
switching  means  connected  between  the 

other  end  of  said  inductive  element  and  the 
other  terminal  on  the  dc  side  of  said  rectifying 
means  to  perform  a  switching  operation;  and 

45  smoothing  means  connected  in  parallel 
with  said  switching  means,  and  said  dc  power- 
supply  unit  further  comprising: 

switch  controlling  means  in  which  a  delay 
time  is  preset  so  as  to,  when  ac  voltage  and/or 

50  ac  current  of  said  ac  power  supply  passes 
through  a  zero  point,  close  said  switching 
means  after  said  delay  time  from  a  passing 
through  time,  and  open  said  switching  means 
after  a  predetermined  time  period  from  a  clos- 

55  ing  time. 

3.  A  dc  power-supply  unit  comprising: 
rectifying  means  for  converting  ac  power 
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output  from  an  ac  power  supply  into  dc  power 
so  as  to  feed  to  a  load; 

an  inductive  element  whose  one  end  is 
connected  to  one  terminal  on  the  dc  side  of 
said  rectifying  means;  5 

switching  means  connected  between  the 
other  end  of  said  inductive  element  and  the 
other  terminal  on  the  dc  side  of  said  rectifying 
means  to  perform  a  switching  operation;  and 

smoothing  means  connected  in  parallel  10 
with  said  switching  means,  and  said  dc  power- 
supply  unit  further  comprising: 

short-circuit  current  detecting  means  for 
detecting  short-circuit  current  flowing  in  said 
inductive  element;  and  is 

switch  controlling  means  in  which  a  delay 
time  is  preset  so  as  to,  when  ac  voltage  and/or 
ac  current  of  said  ac  power  supply  passes 
through  a  zero  point,  close  said  switching 
means  after  said  delay  time  from  a  passing  20 
through  time,  and  open  said  switching  means 
when  a  value  of  said  short-circuit  current  be- 
comes  a  predetermined  value  after  a  closing 
operation. 

25 
A  dc  power-supply  unit  comprising: 

rectifying  means  for  converting  ac  power 
output  from  an  ac  power  supply  into  dc  power 
so  as  to  feed  to  a  load; 

an  inductive  element  whose  one  end  is  30 
connected  to  one  terminal  on  the  dc  side  of 
said  rectifying  means; 

switching  means  connected  between  the 
other  end  of  said  inductive  element  and  the 
other  terminal  on  the  dc  side  of  said  rectifying  35 
means  to  perform  a  switching  operation;  and 

smoothing  means  connected  in  parallel 
with  said  switching  means,  and  said  dc  power- 
supply  unit  further  comprising: 

load  condition  detecting  means  for  detect-  40 
ing  magnitude  of  said  load;  and 

switch  controlling  means  in  which  a  first 
delay  time  under  a  light  load  is  preset  to  be 
shorter  than  a  second  delay  time  under  a 
heavy  load,  and  a  third  delay  time  is  preset  to,  45 
when  ac  voltage  and/or  ac  current  of  said  ac 
power  supply  passes  through  a  zero  point, 
select  said  first  delay  time  or  said  second 
delay  time  depending  upon  results  of  detection 
of  said  load  condition  detecting  means  so  as  to  50 
close  said  switching  means  after  a  selected 
delay  time  from  a  passing  through  time,  and 
so  as  to  open  said  switching  means  after  said 
third  delay  time  from  said  passing  through 
time.  55 

A  dc  power-supply  unit  comprising: 
rectifying  means  for  converting  ac  power 

output  from  an  ac  power  supply  into  dc  power 
so  as  to  feed  to  a  load; 

an  inductive  element  whose  one  end  is 
connected  to  one  terminal  on  the  dc  side  of 
said  rectifying  means; 

switching  means  connected  between  the 
other  end  of  said  inductive  element  and  the 
other  terminal  on  the  dc  side  of  said  rectifying 
means  to  perform  a  switching  operation;  and 

smoothing  means  connected  in  parallel 
with  said  switching  means,  and  said  dc  power- 
supply  unit  further  comprising: 

load  condition  detecting  means  for  detect- 
ing  magnitude  of  said  load;  and 

switch  controlling  means  in  which  a  first 
delay  under  a  light  load  is  preset,  and  a  sec- 
ond  delay  time  under  a  heavy  load  is  preset  to 
be  shorter  than  said  first  delay  time  under  said 
light  load  to,  when  ac  voltage  and/or  ac  current 
of  said  ac  power  supply  passes  through  a  zero 
point,  select  said  first  delay  time  or  said  sec- 
ond  delay  time  depending  upon  results  of  de- 
tection  of  said  load  condition  detecting  means 
so  as  to  close  said  switching  means  after  a 
selected  delay  time  from  a  passing  through 
time,  and  so  as  to  open  said  switching  means 
after  a  predetermined  time  period  from  a  clos- 
ing  time. 

6.  A  dc  power-supply  unit  comprising: 
rectifying  means  for  converting  ac  power 

output  from  an  ac  power  supply  into  dc  power 
so  as  to  feed  to  a  load; 

an  inductive  element  whose  one  end  is 
connected  to  one  terminal  on  the  dc  side  of 
said  rectifying  means; 

switching  means  connected  between  the 
other  end  of  said  inductive  element  and  the 
other  terminal  on  the  dc  side  of  said  rectifying 
means  to  perform  a  switching  operation;  and 

smoothing  means  connected  in  parallel 
with  said  switching  means,  and  said  dc  power- 
supply  unit  further  comprising: 

short-circuit  current  detecting  means  for 
detecting  short-circuit  current  flowing  in  said 
inductive  element; 

load  condition  detecting  means  for  detect- 
ing  magnitude  of  said  load;  and 

switch  controlling  means  in  which  a  first 
delay  time  under  a  light  load  is  preset,  and  a 
second  delay  time  under  a  heavy  load  is 
preset  to  be  shorter  than  said  first  delay  time 
under  said  light  load  to,  when  ac  voltage 
and/or  ac  current  of  said  ac  power  supply 
passes  through  a  zero  point,  select  said  first 
delay  time  or  said  second  delay  time  depend- 
ing  upon  results  of  detection  of  said  load  con- 
dition  detecting  means  so  as  to  close  said 
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switching  means  after  a  selected  delay  time 
from  a  passing  through  time,  and  so  as  to 
open  said  switching  means  when  a  value  of 
said  short-circuit  current  becomes  a  predeter- 
mined  value  after  a  closing  operation.  5 

A  dc  power-supply  unit  comprising: 
rectifying  means  for  converting  ac  power 

output  from  an  ac  power  supply  into  dc  power 
so  as  to  feed  to  a  load;  10 

an  inductive  element  whose  one  end  is 
connected  to  one  terminal  on  the  dc  side  of 
said  rectifying  means; 

switching  means  connected  between  the 
other  end  of  said  inductive  element  and  the  is 
other  terminal  on  the  dc  side  of  said  rectifying 
means  to  perform  a  switching  operation;  and 

smoothing  means  connected  in  parallel 
with  said  switching  means,  and  said  dc  power- 
supply  unit  further  comprising:  20 

load  condition  detecting  means  for  detect- 
ing  magnitude  of  said  load;  and 

switch  controlling  means  in  which  a  first 
delay  time  and  a  second  delay  time  under  a 
light  load  are  preset,  and  a  third  delay  time  25 
under  a  heavy  load  is  preset  to  be  longer  than 
said  second  delay  time  under  said  light  load 
to,  when  ac  voltage  and/or  ac  current  of  said 
ac  power  supply  passes  through  a  zero  point, 
close  said  switching  means  after  said  first  de-  30 
lay  time  from  a  passing  through  time,  and 
select  said  second  delay  time  or  said  third 
delay  time  depending  upon  results  of  detection 
of  said  load  condition  detecting  means  so  as  to 
open  said  switching  means  after  a  selected  35 
delay  time  from  said  passing  through  time. 

A  dc  power-supply  unit  comprising: 
rectifying  means  for  converting  ac  power 

output  from  an  ac  power  supply  into  dc  power  40 
so  as  to  feed  to  a  load; 

an  inductive  element  whose  one  end  is 
connected  to  one  terminal  on  the  dc  side  of 
said  rectifying  means; 

switching  means  connected  between  the  45 
other  end  of  said  inductive  element  and  the 
other  terminal  on  the  dc  side  of  said  rectifying 
means  to  perform  a  switching  operation;  and 

smoothing  means  connected  in  parallel 
with  said  switching  means,  and  said  dc  power-  so 
supply  unit  further  comprising: 

load  condition  detecting  means  for  detect- 
ing  magnitude  of  said  load;  and 

switch  controlling  means  in  which  a  first 
delay  time  and  a  second  delay  time  under  a  55 
light  load  are  preset,  and  a  third  delay  time 
under  a  heavy  load  is  preset  to  be  longer  than 
said  second  delay  time  under  said  light  load 

to,  when  ac  voltage  and/or  ac  current  of  said 
ac  power  supply  passes  through  a  zero  point, 
close  said  switching  means  after  said  first  de- 
lay  time  from  a  passing  through  time,  and 
select  said  second  delay  time  or  said  third 
delay  time  depending  upon  results  of  detection 
of  said  load  condition  detecting  means  so  as  to 
open  said  switching  means  after  a  selected 
delay  time  from  a  closing  operation. 

9.  A  dc  power-supply  unit  comprising: 
rectifying  means  for  converting  ac  power 

output  from  an  ac  power  supply  into  dc  power 
so  as  to  feed  to  a  load; 

an  inductive  element  whose  one  end  is 
connected  to  one  terminal  on  the  dc  side  of 
said  rectifying  means; 

switching  means  connected  between  the 
other  end  of  said  inductive  element  and  the 
other  terminal  on  the  dc  side  of  said  rectifying 
means  to  perform  a  switching  operation;  and 

smoothing  means  connected  in  parallel 
with  said  switching  means,  and  said  dc  power- 
supply  unit  further  comprising: 

short-circuit  current  detecting  means  for 
detecting  short-circuit  current  flowing  in  said 
inductive  element; 

load  condition  detecting  means  for  detect- 
ing  magnitude  of  said  load;  and 

switch  controlling  means  in  which  a  delay 
time  is  preset  to,  when  ac  voltage  and/or  ac 
current  of  said  ac  power  supply  passes 
through  a  zero  point,  close  said  switching 
means  after  said  delay  time  from  a  passing 
through  time,  and  detect  depending  upon  said 
load  condition  detecting  means  whether  or  not 
a  value  of  said  short-circuit  current  becomes  a 
value  preset  according  to  said  magnitude  of 
said  load  after  a  closing  operation  so  as  to 
open  said  switch  means  when  a  decision  is 
made  that  said  short-circuit  current  becomes 
said  predetermined  value. 

10.  A  dc  power-supply  unit  comprising: 
rectifying  means  for  converting  ac  power 

output  from  an  ac  power  supply  into  dc  power 
so  as  to  feed  to  a  load; 

an  inductive  element  whose  one  end  is 
connected  to  one  terminal  on  the  dc  side  of 
said  rectifying  means; 

switching  means  connected  between  the 
other  end  of  said  inductive  element  and  the 
other  terminal  on  the  dc  side  of  said  rectifying 
means  to  perform  a  switching  operation;  and 

smoothing  means  connected  in  parallel 
with  said  switching  means,  and  said  dc  power- 
supply  unit  further  comprising: 

load  condition  detecting  means  for  detect- 
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ing  magnitude  of  said  load;  and 
switch  controlling  means  in  which  a  first 

delay  time  under  a  light  load  and  a  second 
delay  time  under  a  heavy  load  are  preset  such 
that  said  second  delay  time  under  said  heavy  5 
load  is  shorter  than  said  first  delay  time  under 
said  light  load,  and  a  third  delay  time  under  a 
light  load  and  a  fourth  delay  time  under  a 
heavy  load  are  preset  such  that  said  fourth 
delay  time  under  said  heavy  load  is  longer  10 
than  said  third  delay  time  under  said  light  load 
to,  when  ac  voltage  and/or  ac  current  of  said 
ac  power  supply  passes  through  a  zero  point, 
select  said  first  delay  time  or  said  second 
delay  time  depending  upon  results  of  detection  is 
of  said  load  condition  detecting  means  so  as  to 
close  said  switching  means  after  a  selected 
delay  time  from  a  passing  through  time,  and  to 
select  said  third  delay  time  or  said  fourth  delay 
time  depending  upon  results  of  said  detection  20 
of  said  load  condition  detecting  means  so  as  to 
open  said  switching  means  after  a  selected 
delay  time  from  said  passing  through  time. 

11.  A  dc  power-supply  unit  comprising:  25 
rectifying  means  for  converting  ac  power 

output  from  an  ac  power  supply  into  dc  power 
so  as  to  feed  to  a  load; 

an  inductive  element  whose  one  end  is 
connected  to  one  terminal  on  the  dc  side  of  30 
said  rectifying  means; 

switching  means  connected  between  the 
other  end  of  said  inductive  element  and  the 
other  terminal  on  the  dc  side  of  said  rectifying 
means  to  perform  a  switching  operation;  and  35 

smoothing  means  connected  in  parallel 
with  said  switching  means,  and  said  dc  power- 
supply  unit  further  comprising: 

load  condition  detecting  means  for  detect- 
ing  magnitude  of  said  load;  and  40 

switch  controlling  means  in  which  a  first 
delay  time  under  a  light  load  and  a  second 
delay  time  under  a  heavy  load  are  preset  such 
that  said  second  delay  time  under  said  heavy 
load  is  shorter  than  said  first  delay  time  under  45 
said  light  load,  and  a  third  delay  time  under  a 
light  load  and  a  fourth  delay  time  under  a 
heavy  load  are  preset  such  that  said  fourth 
delay  time  under  said  heavy  load  is  longer 
than  said  third  delay  time  under  said  light  load  so 
to,  when  ac  voltage  and/or  ac  current  of  said 
ac  power  supply  passes  through  a  zero  point, 
select  said  first  delay  time  or  said  second 
delay  time  depending  upon  results  of  detection 
of  said  load  condition  detecting  means  so  as  to  55 
close  said  switching  means  after  a  selected 
delay  time  from  a  passing  through  time,  and  to 
select  said  third  delay  time  or  said  fourth  delay 

time  depending  upon  results  of  said  detection 
of  said  load  condition  detecting  means  so  as  to 
open  said  switching  means  after  a  selected 
delay  time  from  a  closing  time. 

12.  A  dc  power-supply  unit  comprising: 
rectifying  means  for  converting  ac  power 

output  from  an  ac  power  supply  into  dc  power 
so  as  to  feed  to  a  load; 

an  inductive  element  whose  one  end  is 
connected  to  one  terminal  on  the  dc  side  of 
said  rectifying  means; 

switching  means  connected  between  the 
other  end  of  said  inductive  element  and  the 
other  terminal  on  the  dc  side  of  said  rectifying 
means  to  perform  a  switching  operation;  and 

smoothing  means  connected  in  parallel 
with  said  switching  means,  and  said  dc  power- 
supply  unit  further  comprising: 

short-circuit  current  detecting  means  for 
detecting  short-circuit  current  flowing  in  said 
inductive  element; 

load  condition  detecting  means  for  detect- 
ing  magnitude  of  said  load;  and 

switch  controlling  means  in  which  a  first 
delay  time  under  a  light  load  and  a  second 
delay  time  under  a  heavy  load  are  preset  such 
that  said  second  delay  time  under  said  heavy 
load  is  shorter  than  said  first  delay  time  under 
said  light  load  to,  when  ac  voltage  and/or  ac 
current  of  said  ac  power  supply  passes 
through  a  zero  point,  select  said  first  delay 
time  or  said  second  delay  time  depending 
upon  results  of  detection  of  said  load  condition 
detecting  means  so  as  to  close  said  switching 
means  after  a  selected  delay  time  from  a  pass- 
ing  through  time,  and  to  detect  depending 
upon  said  load  condition  detecting  means 
whether  or  not  a  value  of  said  short-circuit 
current  becomes  a  predetermined  value  preset 
according  to  said  magnitude  of  said  load  after 
a  closing  operation  so  as  to  open  said  switch- 
ing  means  when  a  decision  is  made  that  said 
short-circuit  current  becomes  said  predeter- 
mined  value. 

13.  A  dc  power-supply  unit  according  to  any  one 
of  claims  1  to  12,  further  comprising  correcting 
means  for  detecting  a  power  factor  of  ac  pow- 
er  output  from  said  ac  power  supply,  and  com- 
paring  said  power  factor  with  a  predetermined 
value  so  as  to  correct  a  delay  time  which  is  set 
in  said  switch  controlling  means  to  close  said 
switching  means  depending  upon  results  of  a 
comparison. 

14.  A  dc  power-supply  unit  according  to  claim  1, 
further  comprising  correcting  means  for  detect- 
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ing  a  power  factor  of  ac  power  output  from 
said  ac  power  supply,  and  comparing  said 
power  factor  with  a  predetermined  value  so  as 
to  correct  a  second  delay  time  which  is  set  in 
said  switch  controlling  means  to  open  said 
switching  means  depending  upon  results  of  a 
comparison. 

15.  A  dc  power-supply  unit  according  to  any  one 
of  claims  1  to  12,  further  comprising  correcting 
means  for  detecting  a  relative  harmonic  con- 
tent  in  ac  power  output  from  said  ac  power 
supply,  and  comparing  said  relative  harmonic 
content  with  a  predetermined  value  so  as  to 
correct  a  delay  time  which  is  set  in  said  switch 
controlling  means  to  close  said  switching 
means  depending  upon  results  of  a  compari- 
son. 

16.  A  dc  power-supply  unit  according  to  claim  1, 
further  comprising  correcting  means  for  detect- 
ing  a  relative  harmonic  content  in  ac  power 
output  from  said  ac  power  supply,  and  com- 
paring  said  relative  harmonic  content  with  a 
predetermined  value  so  as  to  correct  a  second 
delay  time  which  is  set  in  said  switch  control- 
ling  means  to  open  said  switching  means  de- 
pending  upon  results  of  a  comparison. 

17.  A  dc  power-supply  unit  according  to  any  one 
of  claims  1  to  12,  further  comprising  correcting 
means  for  detecting  distortion  in  a  waveform  of 
said  ac  power  supply,  and  comparing  said 
distortion  in  said  waveform  with  a  predeter- 
mined  value  so  as  to  correct  a  delay  time 
which  is  set  in  said  switch  controlling  means  to 
close  said  switching  means  depending  upon 
results  of  a  comparison. 

comparing  said  relative  harmonic  content  with 
a  predetermined  value  so  as  to  correct  a  sec- 
ond  delay  time  which  is  set  in  said  switch 
controlling  means  to  open  said  switching 

5  means  depending  upon  results  of  a  compari- 
son. 

20.  A  dc  power-supply  unit  according  to  claim  1, 
further  comprising  correcting  means  for  detect- 

io  ing  a  power  factor  and  a  relative  harmonic 
content  of  ac  power  output  from  said  ac  power 
supply,  and  comparing  said  relative  harmonic 
content  with  a  predetermined  value  so  as  to 
correct  a  first  delay  time  which  is  set  in  said 

is  switch  controlling  means  to  close  said  switch- 
ing  means  depending  upon  results  of  a  com- 
parison,  and  comparing  said  power  factor  with 
a  predetermined  value  so  as  to  correct  a  sec- 
ond  delay  time  which  is  set  in  said  switch 

20  controlling  means  to  open  said  switching 
means  depending  upon  results  of  a  compari- 
son. 

21.  A  dc  power-supply  unit  according  to  any  one 
25  of  claims  3,  6,  and  9,  wherein  overvoltage 

detecting  means  is  provided  instead  of  said 
short-circuit  current  detecting  means  to  detect 
overvoltage  across  said  smoothing  means;  and 
said  switch  controlling  means  opening  said 

30  switching  means  when  said  overvoltage  is  de- 
tected  by  said  overvoltage  detecting  means. 

22.  A  dc  power-supply  unit  according  to  any  one 
of  claims  1  to  12,  wherein  said  switch  control- 

35  ling  means  repeatedly  opens  and  closes  said 
switching  means  at  predetermined  intervals  un- 
til  said  switching  means  is  opened  after  said 
switching  means  is  closed. 

18.  A  dc  power-supply  unit  according  to  claim  1, 
further  comprising  correcting  means  for  detect- 
ing  distortion  in  a  waveform  of  said  ac  power 
supply,  and  comparing  said  distortion  in  said 
waveform  with  a  predetermined  value  so  as  to 
correct  a  second  delay  time  which  is  set  in 
said  switch  controlling  means  to  open  said 
switching  means  depending  upon  results  of  a 
comparison. 

19.  A  dc  power-supply  unit  according  to  claim  1, 
further  comprising  correcting  means  for  detect- 
ing  a  power  factor  and  a  relative  harmonic 
content  of  ac  power  output  from  said  ac  power 
supply,  and  comparing  said  power  factor  with 
a  predetermined  value  so  as  to  correct  a  first 
delay  time  which  is  set  in  said  switch  control- 
ling  means  to  close  said  switching  means  de- 
pending  upon  results  of  a  comparison,  and 

40  23.  A  dc  power-supply  unit  according  to  any  one 
of  claims  1  to  12,  further  comprising: 

switching  means  for  short-circuiting  at 
least  one  of  a  plurality  of  rectifying  devices 
forming  said  rectifying  means  instead  of  said 

45  switching  means. 

24.  A  dc  power-supply  unit  according  to  any  one 
of  claims  1  to  12,  wherein  said  inductive  ele- 
ment  is  connected  between  one  terminal  on 

50  the  ac  side  of  said  rectifying  means  and  said 
ac  power  supply. 
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