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©  Series  resonant  power  converter  and  method  of  controlling  the  same. 

©  A  series  resonant  power  converter  in  which  a  resonant 
capacitor  is  commonly  used  in  a  series  resonant  circuit  and  a 
parallel  resonant  circuit,  whereby  a  capacitance  of  the  resonant 
capacitor  can  be  considerably  decreased  as  compared  with 
that  of  a  tank  circuit  according  to  a  prior  art,  so  that  an  energy 
handled  by  the  resonant  capacitor  can  be  decreased,  which 
results  in  decreasing  a  size  of  the  resonant  circuit  and  also 
decreasing  a  power  loss.  The  converter  includes  means  for 
detecting  and  computing  a  voltage  applied  across  a  main  switch 
means  in  its  OFF-state  and  a  control  circuit  for  driving  the  main 
switch  means  to  its  ON-state  when  the  detected  and  computed 
value  of  the  voltage  drops  to  a  minimum  voltage  required  to 
sustain  oscillation  of  the  series  resonant  circuit.  The  minimum 
voltage  is  computed  by  a  detecting  circuit  for  detecting  an  input 
voltage,  a  detecting  circuit  for  detecting  a  voltage  of  a  second 
resonant  circuit  and  a  detecting  circuit  for  detecting  a  DC 
output  voltage  conversed  to  a  primary  side  of  a  main 
transformer. 
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Description 

SERIES  RESONANT  POWER  CONVERTER 

Background  of  the  Invention: 

Field  of  the  Invention: 
The  present  invention  relates  to  a  series  resonant 

power  converter  for  producing  a  desired  DC  voltage 
for  a  load,  and  a  method  of  controlling  such  series 
resonant  converter. 

Description  of  the  Prior  Arts: 
In  general,  a  value  of  a  resonant  current  of  a  series 

resonant  converter  depends  on  values  of  an  induct- 
ance  of  a  resonant  reactor,  a  capacitance  of  a 
resonant  capacitor,  a  DC  input  voltage  and  a  DC 
output  voltage.  Accordingly,  many  researches  have 
been  made  on  a  relationship  between  these  values 
and  the  resonant  current.  As  the  result  of  these 
researches,  it  has  been  found  that  in  order  to  control 
the  output  voltage  of  the  series  resonant  power 
converter  at  a  constant  voltage,  without  controlling 
the  value  of  the  output  current,  it  is  necessary  to 
adjust  the  value  of  the  output  current  (average  value 
of  the  resonant  current)  by  control  of  OFF-periods  of 
a  main  switch  means  (that  is,  frequency  control). 
However,  in  the  case  where  the  constant  voltage 
control  of  the  power  converter  is  effected  by  the 
frequency  control  method,  such  problem  arises  that 
an  operating  frequency  of  the  converter,  which  is  in 
proportional  relation  to  the  output  current,  may  drop 
to  an  audible  range  under  a  light  load  condition  (in 
the  case  of  less  output  current),  with  the  result  that  a 
noise  is  produced. 

In  order  to  solve  such  problem,  it  has  been 
proposed  to  provide  a  series  resonant  converter,  as 
shown  in  Fig.  3,  in  which  a  tank  circuit  consisting  of 
parallel  resonant  circuits  having  an  infinite  imped- 
ance  at  its  resonant  frequency  is  inserted  in  the 
series  resonant  circuit  loop,  whereby  an  impedance 
of  the  resonant  circuit  is  increased  under  a  light  load 
condition  and  thus  the  load  dependent  characteris- 
tic  of  the  operating  frequency  is  minimized. 

Now,  the  series  resonant  power  converter  ac- 
cording  to  a  prior  art  will  be  explained,  with 
reference  to  Fig.  3.  The  series  resonant  converter 
shown  in  Fig.  3  includes  a  first  circuit  13  having 
switch  means  11  and  12,  such  as  bipolar  transistors, 
connected  together  in  series  in  forward  direction,  a 
second  circuit  16  having  diodes  14  and  15  con- 
nected  together  in  series  in  forward  direction,  a  third 
circuit  19  having  resonant  capacitors  17  and  18 
connected  together  in  series  and  a  DC  power 
source  21  connected  across  both  ends  of  these 
circuits.  The  switch  means  11  and  12  are  arranged  in 
forward  direction  relatively  to  the  DC  power  source 
21  but  the  diodes  14  and  15  are  arranged  to  have 
opposite  polarities.  A  juncture  of  the  diodes  14  and 
15  and  a  juncture  of  the  resonant  capacitors  17  and 
18  are  connected  with  each  other,  and  a  fourth 
circuit  24  is  connected  between  the  juncture  22  of 
the  resonant  capacitors  17  and  18  and  a  juncture  23 
of  the  switch  means  11  and  12.  The  fourth  circuit  24 

AND  METHOD  OF  CONTROLLING  THE  SAME 

includes  a  rectifying  circuit  25,  a  resonant  inductor 
26  and  a  tank  circuit  27,  which  are  connected  in 

5  series  with  each  other,  and  said  tank  circuit  27 
consists  of  a  parallel  circuit  including  a  resonant 
inductor  28  and  a  resonant  capacitor  29.  The 
rectifying  circuit  25  consists  of  a  bridge  circuit 
including  diodes  31  -  34.  An  output  capacitor  35  is 

10  connected  across  output  terminals  of  said  bridge 
circuit  and  a  load  36  is  connected  in  parallel  with  said 
output  capacitor  35. 

Now,  the  operation  of  the  above  series  resonant 
power  converter  will  be  explained. 

15  As  an  initial  condition,  it  is  assumed  that  the 
resonant  capacitor  17  has  been  charged  up  to  a 
voltage  of  the  DC  power  source  21  and  the  resonant 
capacitor  18  has  been  discharged  to  a  zero  voltage. 
Under  such  condition,  if  the  semiconductor  switch 

20  11  is  turned  ON,  a  current  H  flows  from  the  DC 
power  source  21  —  *  the  semiconductor  switch  1  1  —  ► 
the  diode  31  of  the  rectifying  circuit  25  —  >■  the  load  36 
(capacitor  35)  —  <-  the  diode  33  of  the  rectifying  circuit 
25  —  ►  the  resonant  inductor  26  —  >  the  tank  circuit  27 

25  to  the  resonant  capacitor  18.  At  the  same  time,  a 
discharging  current  \2  flows  from  the  switch  means 
11  —>-  the  diode  31  of  the  rectifying  circuit  25  —  »•  the 
load  36  (capacitor  35)  —  ►  the  diode  33  of  the 
rectifying  circuit  25  —  >  the  resonant  inductor  26  —  ► 

30  the  tank  circuit  27  to  the  resonant  capacitor  17.  This 
current  is  a  resonant  current  which  discharges  the 
resonant  capacitor  17  and  charges  the  resonant 
capacitor  18.  The  capacitance  CP  of  the  capacitor  29 
is  set  at  a  value  higher  than  the  capacitance  Cs  of  the 

35  resonant  capacitor  1  7  (or  the  resonant  capacitor  18), 
so  that  the  voltage  of  the  resonant  capacitor  17 
becomes  zero  and  the  voltage  of  the  resonant 
capacitor  18  becomes  equal  to  the  power  source 
voltage  Vi,  after  the  lapse  of  about  j/2  Ls  •  Cs  {n  -  cos-1 

40  (V0/(Vi-V0))}  sec,  where  V0  is  a  voltage  (output 
voltage)  of  the  output  capacitor  35,  Ls  is  an 
inductance  of  the  resonant  inductor  26  and  Vi  is  a 
voltage  of  the  DC  power  source  21  .  At  this  moment, 
the  diode  14  becomes  conductive  and  the  current 

45  which  has  passed  through  the  resonant  inductor  26, 
flows  as  the  current  \z  from  the  resonant  inductor  26 
—  >-  the  tank  circuit  27  the  diode  14  —-  the  switch 
means  11  ->  the  rectifying  circuit  25  —  >•  the  load  36 
(capacitor  35)  —  v  the  rectifying  circuit  25.  This 

50  current  \2  is  consumed  by  the  load  36,  until  it 
becomes  zero. 

Thus  a  half  cycle  of  the  operation  terminates. 
Then,  if  the  switch  means  12  is  turned  ON,  the 
resonant  capacitor  17  is  charged  while  the  resonant 

55  capacitor  18  is  discharged  and  the  similar  operation 
as  described  above  occurs.  Thus  the  next  half  cycle 
terminates. 

The  resonant  frequency  fi  of  the  parallel  resonant 
tank  circuit  27  consisting  of  the  capacitance  Cp  of 

60  the  capacitor  29  and  the  inductance  Lp  of  the 
inductor  28  is  expressed  by  the  following  equation: 
fi  =  (2ti  i/Lp̂ Cp")-i  (1), 
and  the  resonant  frequency  fo  of  the  series  resonant 
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circuit  consisting  of  the  capacitance  Cs  of  the 
resonant  capacitor  17  (or  the  capacitor  18)  and  the 
inductance  Ls  of  the  resonant  inductor  26  is 
expressed  by  the  following  equation: 
fo  =  (2ti  t/L^CD-i  (2). 

With  regard  to  the  above  resonant  frequencies  fi 
and  fo,  it  is  required  for  them  to  satisfy  the  following 
relationship: 
fi  <  <  fo  (3) 

To  meet  such  requirement,  fo  is  set  at  a  value 
substantially  lower  than  f  -r  and  the  impedance  of  the 
tank  circuit  27  is  increased  at  around  fi,  so  that  the 
minimum  operating  frequency  of  the  converter  is 
clamped  at  fo.  That  is,  the  operating  frequency  of  the 
converter  should  be  controlled  to  be  increased  so 
that  it  becomes  higher  than  an  audible  range, 
thereby  preventing  noise  scattering. 

On  the  other  hand,  to  reduce  the  output  current, 
the  operating  frequency  of  the  converter  should  be 
controlled  to  be  decreased.  Under  such  circumstan- 
ces,  it  has  been  a  usual  practice  to  generate  parallel 
resonance  in  the  tank  circuit  27  so  that  the  converter 
can  operate  under  excessively  light  load  and  to 
restrict  the  input  current  of  the  converter  to  feed 
only  less  output  current.  By  using  such  additional 
parallel  resonant  tank  circuit,  it  is  possible  to  operate 
the  converter  with  good  result  even  under  light  load 
condition,  without  the  need  of  lowering  the  operating 
frequency  of  the  converter  to  the  audible  frequency 
range.  In  general,  in  order  to  hold  the  output  voltage 
or  the  output  current  at  constant,  it  is  usual  to  detect 
a  variation  thereof  thereby  automatically  controlling 
the  operating  frequency. 

The  converter  according  to  the  prior  art,  as 
described  above,  poses  some  problems  to  be 
solved. 

Firstly,  in  the  circuit  of  the  series  resonant 
converter  according  to  the  prior  art,  in  order  to 
simultaneously  satisfy  the  requirements  as  ex- 
pressed  by  (1),  (2)  and  (3),  the  capacitance  of  the 
resonant  capacitor  29  in  the  parallel  resonant  tank 
circuit  27  must  have  a  high  value,  at  least  four  to  five 
times  as  high  as  that  of  the  resonant  capacitor  17  or 
18.  Furthermore,  the  energy  handled  by  the  parallel 
resonant  circuit  27  must  have  a  value  corresponding 
to  Q  times  as  high  as  the  energy  transmitted  to  the 
output  side,  where  Q  is  the  Q  factor  of  the  parallel 
resonant  tank  circuit.  Accordingly,  the  resonant 
inductor  used  must  be  of  large  size,  with  the  result 
that  the  power  dissipation  is  increased.  Further- 
more,  it  is  necessary  to  separately  provide  a 
resonant  capacitor  having  a  large  capacitance,  for 
the  tank  circuit  27. 

Secondly,  in  the  control  method  for  controlling  the 
series  resonant  power  converter  according  to  the 
prior  art,  in  the  case  where  a  negative  feedback  is 
applied  to  the  series  resonant  converter  to  control 
its  output  power,  a  temporary  interruption  of  the 
wave  form  may  happen  at  a  transient  time  respon- 
sive  to  starting  of  operation,  variation  of  the  load 
condition,  variation  of  input  voltage  or  the  like  and 
the  operating  frequency  may  drop  below  the  parallel 
resonant  frequency  of  said  tank  circuit.  In  such 
cases,  the  impedance  of  the  series  resonant  circuit 
loop  drops  when  the  operating  frequency  varies 

beyond  the  parallel  resonant  frequency  of  said  tank 
circuit,  so  that  the  converter  is  operated  in  undesir- 
able  positive  feedback  operation  rather  than  nega- 
tive  feedback  operation  and  it  becomes  impossible 

5  to  effect  a  stable  control  of  the  converter. 

Summary  of  the  Invention: 
It  is  an  object  of  the  present  invention  to  eliminate 

the  disadvantages  of  the  circuit  of  the  series 
10  resonant  converter  according  to  the  prior  art. 

In  accordance  with  the  present  invention  there  is 
provided  a  series  resonant  circuit  which  comprises  a 
first  circuit  including  a  first  switch  means  and  a 
second  switch  means  connected  in  series  with  each 

15  other  in  a  forward  direction;  a  second  circuit 
including  a  first  diode  and  a  second  diode  connected 
in  series  with  each  other  in  a  forward  direction;  a 
third  circuit  including  a  first  resonant  capacitor  and  a 
second  resonant  capacitor  connected  in  series  with 

20  each  other;  a  DC  power  source  connected  across 
both  ends  of  said  first,  second  and  third  circuits;  a 
first  resonant  inductor  connected  in  a  path  of  a  main 
current  flowing  through  said  first  switch  means  or 
said  second  switch  means,  said  first  resonant 

25  inductor  being  connected,  at  its  one  end,  to  a 
juncture  of  said  first  switch  means  with  said  second 
switch  means  and,  at  its  other  end,  to  a  juncture  of 
said  first  diode  and  said  second  diode  and  a  juncture 
of  said  first  resonant  capacitor  with  said  second 

30  resonant  capacitor;  and  a  second  resonant  inductor 
connected,  at  its  one  end,  to  the  juncture  of  said  first 
diode  with  said  second  diode  and  the  juncture  of 
said  first  resonant  capacitor  with  said  second 
capacitor  and,  at  its  other  end,  to  a  neutral  potential 

35  point  of  said  DC  power  source. 
According  to  this  invention,  the  resonant  capaci- 

tor  is  commonly  used  in  the  series  resonant  circuit 
and  the  parallel  resonant  circuit  and  the  capacitance 
of  the  resonant  capacitor  can  be  considerably 

40  decreased,  as  compared  with  the  one  used  in  the 
conventional  tank  circuit,  so  that  the  energy  handled 
by  the  resonant  capacitor  can  be  decreased. 
Accordingly,  the  size  of  the  resonant  inductor  can  be 
decreased  and  the  power  loss  can  be  minimized. 

45  Furthermore  in  accordance  with  the  present 
invention  there  is  provided  a  method  of  controlling  a 
series  resonant  converter  including  a  first  resonant 
circuit  consisting  of  one  of  a  first  main  switch  means 
and  a  second  main  switch  means  which  is  in 

50  ON-state  and  a  main  transformer,  and  a  second 
resonant  circuit,  in  which  ON-OFF  operation  of  the 
first  or  second  main  switch  means  is  controlled  by 
an  output  power  control  signal,  to  produce  a 
predetermined  DC  output  power,  said  method 

55  comprising:  a  step  of  causing  said  first  or  second 
main  switch  means  to  be  turned  ON  by  a  voltage 
state  detecting  signal,  thereby  avoiding  temporary 
interruption  of  wave  form  and  sustaining  oscillating 
operation,  when  a  value  conversed  to  a  primary  side 

60  from  a  value  of  a  voltage  applied  across  said  first  or 
second  main  switch  means  minus  an  output  voltage 
drops  below  a  reference  voltage  (K),  in  the  case 
where  the  above-mentioned  output  control  signal 
has  not  been  generated  at  a  transient  time  owing  to 

65  variation  of  the  load  condition,  variation  of  input 
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roltage  or  the  like. 
According  to  this  invention,  the  series  resonant 

converter  as  described  above  includes  means  for 
detecting  and  computing  a  voltage  applied  across 
:he  main  switch  means  when  it  is  in  OFF-state,  and  a 
sontrol  circuit  which  is  arranged  to  cause  the  main 
switch  means  to  be  driven  at  the  time  when  the 
/oltage  computed  as  above  becomes  a  minimum 
/oltage  required  to  sustain  the  oscillation  of  the 
series  resonant  converter.  This  minimum  voltage  can 
De  computed  by  a  detecting  circuit  for  detecting  the 
nput  voltage,  a  detecting  circuit  for  detecting  a 
/oltage  of  the  second  resonant  circuit  and  a 
detecting  circuit  for  detecting  a  DC  output  voltage 
conversed  to  a  primary  side  of  the  main  transformer. 

According  to  this  method  of  controlling  the  series 
■esonant  converter,  the  temporary  interruption  of 
:he  operating  wave  form  which  may  happen  at  a 
xansient  time  responsive  to  starting  of  operation, 
/ariation  of  the  load  condition,  variation  of  input 
/oltage  can  be  avoided,  and  the  stable  control  of  the 
converter  can  be  obtained. 

Now,  the  invention  will  be  explained  with  reference 
to  the  drawings. 

Brief  Description  of  the  Drawings: 

Fig.  1  illustrates  an  embodiment  of  the  series 
resonant  converter  according  to  the  present 
invention. 

Fig.  2  illustrates  another  embodiment  of  the 
series  resonant  circuit  according  to  the  present 
invention. 

Fig.  3  illustrates  a  series  resonant  converter 
according  to  a  prior  art. 

Figs.  4  and  5  illustrate  another  embodiment 
of  the  present  invention. 

Figs.  6-8  illustrate  further  embodiments  of 
the  present  invention,  respectively. 

Detailed  Description  of  the  Preferred  Embodiments: 
Firstly  a  description  will  be  given  to  the  embodi- 

ment  of  the  present  invention  as  illustrated  in  Fig.  1  . 
In  Fig.  1,  any  components  corresponding  to  those 

shown  in  Fig.  3,  which  illustrates  the  prior  art,  are 
indicated  by  same  numerals  as  used  in  Fig.  3. 

In  Fig.  1,11  and  12  indicate  main  switch  means;  13 
indicates  a  first  circuit;  14  and  15  indicate  diodes;  16 
indicates  a  second  circuit;  17  and  18  indicate 
resonant  capacitors;  19  indicates  a  third  circuit;  21 
indicates  a  DC  power  source;  26  and  28  indicate 
resonant  inductors;  and  40  indicates  a  transformer. 

In  the  series  resonant  power  converter  as  shown 
in  Fig.  1  ,  the  resonant  inductor  28  is  connected,  at  its 
one  end,  to  a  point  A,  which  forms  a  juncture 
between  the  diodes  14  and  15  of  the  second  circuit 
16  and  a  juncture  between  the  resonant  capacitors 
17  and  18  of  the  third  circuit  19  and,  at  its  other  end, 
to  a  neutral  voltage  point  B  of  the  DC  power  source 
21.  The  resonant  capacitors  17  and  18  produces  a 
parallel  resonance  with  the  resonant  inductor  18, 
and  these  resonant  capacitor  produce  series  reson- 
ance  with  the  resonant  inductor  26,  respectively. 
Thus  the  main  current  flowing  through  the  first 
circuit  13  flows  through  the  third  circuit  19. 

The  operation  ot  tne  above  circuit  is  suDstanuauy 
same  as  that  of  the  circuit  according  to  the  prior  art 
as  described  above.  Now,  it  is  assumed  that  the 
switch  means  11  is  turned  ON.  Then,  a  charging 

5  circuit  from  the  DC  power  source  21  through  the 
switch  means  11  —  ►  a  primary  winding  of  the 
transformer  40  —  >-  the  resonant  inductor  26  —  >-  the 
juncture  A  to  the  resonant  capacitor  18  is  formed.  At 
the  same  time,  a  discharging  circuit  from  the  switch 

10  means  11  through  the  primary  winding  of  the 
transformer  40  —  ►  the  resonant  inductor  26  to  the 
resonant  capacitor  17  is  formed.  The  charging 
current  serves  to  charge  the  resonant  capacitor  18 
up  to  substantially  the  source  voltage,  and  after  the 

15  resonant  capacitor  17  has  discharged  to  substan- 
tially  zero  voltage,  the  diode  14  of  the  second  circuit 
16  becomes  conductive  and  the  energy  accumu- 
lated  at  the  resonant  inductor  16  is  transferred 
through  the  diode  14  —  ►  switch  means  11  -* 

20  transformer  40  to  the  output  side.  After  the  OFF 
period  of  the  switch  means  11  and  12,  the  switch 
means  12  is  turned  ON.  The  ON  operation  of  the 
switch  means  12  is  same  as  that  of  the  switch  means 
11  and  so  the  detailed  description  thereof  is  omitted. 

25  The  diodes  14  and  15  are  connected  in  parallel 
with  the  resonant  capacitors  17  and  18  of  the  third 
circuit  19,  respectively,  and  consequently  they  are 
not  adversely  affected  by  the  recovery  of  the  diodes 
14  and  15. 

30  Even  during  the  period  when  both  of  the  switch 
means  11  and  12  are  in  OFF-state,  the  resonant 
capacitors  17  and  18  together  with  the  resonant 
inductor  28  generate  oscillation  at  a  natural  fre- 
quency,  thereby  oscillating  the  voltage  at  the 

35  juncture  A.  Under  light  load  condition,  the  switch 
means  1  1  or  12  is  turned  ON  under  a  state  of  voltage 
at  the  juncture  A  where  a  voltage  across  the  switch 
means  1  1  or  12  is  of  a  lower  voltage  (a  voltage  having 
small  amplitude  corresponding  to  the  voltage  of  the 

40  DC  power  source  21  A  or  21  B  minus  the  voltage  of 
the  juncture  A),  and  the  amplitude  of  the  voltage 
applied  to  the  primary  winding  of  the  transformer  40 
is  decreased.  As  the  switching  frequency  of  the 
switch  means  1  1  and  12  comes  closer  to  the  parallel 

45  resonant  frequency  of  the  resonant  capacitor  17  or 
1  8  and  the  resonant  inductor  28,  the  amplitude  of  the 
voltage  oscillation  becomes  larger.  Accordingly, 
under  light  load  condition,  the  switch  means  1  1  or  12 
is  switched  at  a  frequency  near  the  above-men- 

50  tioned  parallel  resonant  frequency. 
Under  a  rated  load  condition,  the  switch  means  1  1 

and  12  are  subjected  to  switch  operation  at  a 
considerably  higher  frequency  than  the  above-men- 
tioned  parallel  resonant  frequency,  so  that  the 

55  amplitude  of  the  oscillation  of  voltage  at  the  juncture 
A  is  small.  Accordingly  the  amplitude  of  the  value  of 
the  voltage  corresponding  to  the  voltage  of  the  DC 
power  source  21  A  or  21  B  minus  the  voltage  at  the 
juncture  A  is  high  and  the  voltage  applied  to  the 

60  primary  winding  of  the  transformer  40  is  high. 
As  explained  above,  according  to  the  embodiment 

of  the  present  invention,  the  resonant  capacitor  is 
commonly  used  in  the  parallel  resonant  circuit  and 
the  series  resonant  circuit  and  the  capacitance  of 

65  said  resonant  capacitor  can  be  considerably  small, 
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as  compared  to  the  resonant  capacitor  used  in  the 
tank  circuit  according  to  the  prior  art.  Accordingly 
the  energy  dissipated  by  the  resonant  capacitor  can 
be  substantially  decreased,  so  that  it  is  unnecessary 
to  provide  a  separate  resonant  capacitor  for  the 
parallel  resonant  circuit,  while  the  size  of  the 
resonant  inductor  can  be  decreased  and  the  power 
loss  can  be  decreased. 

Fig.  2  illustrates  a  modified  embodiment  of  the 
present  invention.  According  to  the  embodiment  as 
shown  in  Fig.  2,  the  power  source  21'  consists  of  a 
three-phase  full  wave  rectifier  21',  a  choke  43  and 
capacitors  41  and  42.  The  capacitors  41  and  42  with 
the  choke  43  constitute  a  filter  circuit  and  substan- 
tially  half  of  the  DC  source  voltage  is  applied  to  a 
neutral  potential  point  B.  In  usual,  the  capacitors  41 
and  42  are  designed  to  have  a  large  capacitance 
ralue,  which  is  larger  than  10  times  as  large  as  that  of 
the  resonant  capacitor  41  or  42. 

Figs.  4  and  5  illustrate  another  embodiment  of  the 
present  invention.  Figs.  6  -  8  illustrate  further  em- 
bodiments  of  the  present  invention,  respectively.  In 
these  figures,  1  indicates  a  main  switch  means;  2 
indicates  a  second  switch  means;  3,  4,  13,  14,  33  and 
34  indicate  diodes;  5,  6  and  9  indicate  resonant 
capacitors;  7  indicates  a  DC  input  power  source;  8 
and  12  indicate  resonant  reactors;  10  indicates  a 
tank  circuit;  11  indicates  a  main  transformer;  15 
indicates  an  output  capacitor;  16  indicates  a  load; 
17,  18  and  19  indicate  a  voltage  detector;  20 
indicates  a  control  circuit;  21  indicates  a  current 
detector;  22  indicates  a  driving  circuit;  23-26 
indicate  a  transformer;  27  -  30  indicate  a  switch 
means;  and  31  and  32  indicate  an  input  capacitor. 

The  series  resonant  power  converter  shown  in 
Fig.  4  includes  a  first  circuit  in  which  the  first  main 
switch  means  1  and  the  second  main  switch  means 
each  consisting  of  FET  are  connected  in  series  with 
each  other  in  a  forward  direction,  a  second  circuit  in 
which  the  diodes  3  and  4  are  connected  in  series 
with  each  other  in  a  forward  direction  and  a  third 
circuit  in  which  the  resonant  capacitors  5  and  6  are 
connected  in  series  with  each  other,  and  the  DC 
input  power  source  7  is  connected  across  these 
circuits.  The  main  switch  means  1  and  2  are  arranged 
in  the  forward  direction  relatively  to  the  DC  input 
power  source  7,  while  the  diodes  3  and  4  have  an 
opposite  polarity  to  that  of  the  DC  power  source.  A 
juncture  of  the  diodes  3  and  4  and  a  juncture  of  the 
resonant  capacitors  5  and  6  are  connected  together. 
The  tank  circuit  10  consists  of  a  parallel  circuit 
including  the  resonant  reactor  8  and  the  resonant 
capacitor  9,  and  a  series  circuit  including  said  tank 
circuit  10,  the  primary  winding  of  the  main  transfor- 
mer  11,  and  the  resonant  reactor  12  is  connected 
between  said  juncture  of  the  diodes  3,  4  and  the 
resonant  capacitors  5,  6  and  the  juncture  of  the 
switch  means  1  and  2.  The  output  capacitor  15  and 
the  load  16  are  connected  through  the  diodes  13  and 
14  to  the  secondary  winding  of  the  main  transformer 
11.  A  detecting  point  a  for  detecting  the  DC  input 
voltage  Va  with  reference  to  the  negative  terminal  of 
the  DC  input  power  source  7,  a  detecting  point  b  for 
detecting  the  resonant  voltage  Vb,  that  is,  the  voltage 
at  the  juncture  of  the  tank  circuit  10  and  the  primary 

winding  of  the  main  transformer  11  ,  and  a  detecting 
point  c  for  detecting  the  DC  output  voltage  V0,  that 
is,  the  voltage  across  the  load  16,  are  connected  to 
the  control  circuit  20,  through  the  voltage  detectors 

5  17,  18  and  19,  respectively.  The  current  detector  21  , 
which  is  arranged  in  a  current  path  of  the  resonant 
reactor  8  and  serves  to  detect  the  current  through 
said  resonant  reactor  8  in  the  direction  as  indicated 
by  an  arrow,  is  connected  to  the  control  circuit  20. 

10  The  driving  circuit  22  is  connected  with  the  control 
circuit  20  to  receive  a  signal  therefrom.  This  driving 
circuit  22  is  so  arranged  that  it  feeds  ON  and  OFF 
signals  to  the  main  switch  means  1  through  the 
transformers  23  and  24,  respectively,  while  it  feeds 

15  ON  and  OFF  signals  to  the  main  switch  means  2 
through  the  transformers  25  and  26,  respectively. 
The  switch  means  27  -  30  consisting  of  transistors, 
diodes  or  the  like  are  arranged  to  turn  ON  only  when 
the  signals  are  fed  thereto,  synchronous  with  the 

20  signals  fed  from  the  transformers  23  -  30. 
The  control  circuit  20  is  arranged  to  feed  control 

signals  to  the  driving  circuit  22  and  drives  the  main 
switch  means  1  or  2  in  the  manner  as  hereinafter 
described.  That  is,  the  control  circuit  20  is  con- 

25  stituted  to  generate  an  ON  signal  (output  power 
control  signal  Si,  Si')  which  acts  to  produce  a 
required  output  power,  a  signal  which  acts  to  turn 
ON  the  main  switch  means  at  the  time  when  the 
voltage  computed  by  the  means  for  detecting  and 

30  computing  the  voltage  applied  across  the  main 
switch  means  drops  to  a  minimum  voltage  required 
to  sustain  the  oscillation  of  the  converter,  and  a 
signal  (current  state  control  signal  $4,  S4')  which 
acts  to  turn  OFF  the  main  switch  means  at  the  time 

35  when  the  current  through  the  parallel  resonant  tank 
circuit  is  detected  to  be  zero.  These  signals  operate 
in  such  manner  that  a  signal  fed  at  a  former  time  acts 
with  priority  to  a  signal  fed  at  a  later  time  in  the  same 
period,  and  within  the  same  period  a  plurality  of  ON 

40  driving  operations  of  the  same  main  switch  means  1 
or  2  are  inhibited.  Also,  the  control  circuit  feeds  an 
OFF  signal  (S3,  S3')  which  acts  to  turn  OFF  the  main 
switch  means  1  or  2.  The  OFF  signal  S3,  S3'  is 
produced  when  the  current  through  the  main  switch 

45  means  1  or  2  is  detected  to  drop  to  a  zero  value.  The 
measure  of  producing  the  OFF  signal  S3,  S3'  has 
been  well  known  in  the  art  and,  therefore,  a  detailed 
description  thereof  is  omitted. 

Now  the  operation  of  the  power  converter  as 
50  shown  in  Fig.  4  will  be  described.  As  an  initial 

condition,  it  is  assumed  that  the  resonant  capaci- 
tor  5  has  been  charged  up  to  the  voltage  of  the  DC 
input  power  source  7  and  the  resonant  capacitor  6 
has  been  discharged  to  the  zero  voltage  and  the 

55  operation  will  be  explained  with  reference  to  Fig.  5. 
Under  this  condition  and  when  the  output  power 
control  signal  Si  as  shown  in  Fig.  5(a)  is  applied  to 
the  main  switch  means  1  at  the  time  ti,  the  main 
switch  means  1  is  turned  ON,  so  that  the  charging 

60  current  flows  from  the  DC  input  power  source  7 
through  the  main  switch  means  1  —  >■  the  resonant 
reactor  12  —  »-  the  primary  winding  of  the  main 
transformer  11—  >-  the  tank  circuit  10  to  the  resonant 
capacitor  6  and  at  the  same  time  the  discharging 

65  current  flows  through  the  main  switch  means  1  —  +■ 
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ie  resonant  reactor  1  2  —  >-  the  primary  winding  of  tne 
lain  transformer  11  —  >-  the  tank  circuit  10  to  the 
jsonant  capacitor  5.  This  current  is  a  resonant 
urrent  li  which  serves  to  discharge  the  resonant 
apacitor  5  and  to  charge  the  resonant  capacitor  6.  If 
ie  direction  indicated  by  an  arrow  in  Fig.  4  is 
ssumed  to  be  positive,  the  current  is  as  shown  in 
ig.  5(c).  Referring  to  Fig.  5,  the  drain-source 
oltage  of  the  main  switch  means  is  shown  in 
ig.  5(d),  the  anode  voltage  of  the  diode  14  (cathode 
s  grounded)  is  shown  in  Fig.  5(e),  the  voltage  Vc 
/hich  is  conversed  to  a  value  of  electromotive  force 
t  the  primary  winding  of  the  main  transformer  from 
he  detected  voltage  Va  at  the  detecting  point  a,  the 
letected  voltage  Vb  at  the  detecting  point  b  and  the 
letected  voltage  V0  at  the  detecting  point  c  is  shown 
i  Fig.  5(f),  and  the  detected  current  II  of  the  current 
letector  21  is  shown  in  Fig.  5(g).  The  values  of  these 
oltages  will  be  hereinafter  described.  A  predeter- 
nined  voltage  K  and  wave  forms  of  voltages 
epresenting  results  of  computation  of  (Va  -  Vb  -  V0) 
md  (Vb  -  Vc)  are  shown  in  Fig.  5(h).  When  the  voltage 
Va  -  Vb  -  Vc)  drops  to  the  predetermined  voltage  K  at 
he  time  t2,  the  voltage  state  control  signal  S2,  which 
icts  to  turn  ON  the  main  switch  means  1,  is 
lenerated,  but  this  signal  is  neglected  under  the 
unction  of  inhibiting  a  plurality  of  ON-operations  of 
he  same  main  switch  means  within  the  same  time 
jeriod.  When  the  voltage  of  the  resonant  capacitor  5 
>ecomes  zero  and  the  voltage  of  the  resonant 
;apacitor  6  becomes  the  voltage  of  the  DC  input 
jower  source  7,  at  the  time  t.3,  the  diode  3  becomes 
;onductive  at  once,  and  the  current  h  flowing 
hrough  the  resonant  reactor  12  flows  from  the 
esonant  reactor  12  through  the  primary  winding  of 
he  main  transformer  1  1  -*  the  tank  circuit  10  the 
jiode  3  —  >-  the  main  switch  means  1  .  This  current  H  is 
consumed  by  the  load  16  through  the  diode  14  and  it 
Decomes  zero  at  the  time  t4.  At  the  time  t.4  when  the 
current  I1  becomes  zero,  the  OFF  signal  S3  is 
applied  to  the  main  switch  means  1.  At  the  time  ts, 
the  value  of  the  current  detected  by  the  current 
detector  21  becomes  zero,  at  which  the  current 
changes  from  negative  value  to  a  positive  value.  At 
this  time  ts,  the  current  state  detecting  signal  S4, 
which  acts  to  turn  ON  the  main  switch  means  1,  is 
generated,  but  it  is  neglected  under  the  function  of 
inhibiting  a  plurality  of  ON-operations  of  the  same 
main  switch  means  within  the  same  period.  Thus,  a 
half  cycle  of  operation  terminates.  At  the  time  t6,  the 
output  power  control  signal  Si'  as  shown  in  Fig.  5(b) 
is  applied  to  the  main  switch  means  2.  Then  the  main 
switch  means  2  is  turned  ON,  so  that  the  resonant 
capacitor  5  is  charged  and  the  resonant  capacitor  6 
is  discharged.  The  same  operation  as  described  with 
reference  to  the  first  half  cycle  is  performed  and  the 
second  half  cycle  terminates.  In  the  second  half 
cycle,  when  the  voltage  (Vb-Vc)  drops  to  the 
above-mentioned  predetermined  voltage  K  at  the 
time  t7,  the  voltage  state  control  signal  S2',  which 
acts  to  turn  ON  the  main  switch  means  2,  is 
produced,  but  this  signal  is  neglected  under  the 
function  of  inhibiting  a  plurality  of  operations  of  the 
same  main  switch  means  within  the  same  period. 
Under  such  steady-state  operating  condition,  the 

operation  ot  aeiecung  me  uui(jui  vuuaye 
applying  the  detected  voltage  to  the  main  switch 
means  1  or  2  is  repeated,  whereby  the  operating 
frequency  is  automatically  controlled  to  maintain  the 

5  constant  output  voltage. 
Under  the  above-mentioned  steady-state  opera- 

ting  conditiing  if  a  variation  of  the  load  arises  to 
change  light  (the  output  current  is  decreased),  for 
example,  it  becomes  necessary  to  lower  the  opera- 

0  ting  frequency  and  the  output  power  control  signals 
Si  and  Si'  is  temporarily  stopped.  However,  in  the 
embodiment  as  described  above,  at  the  time  12  when 
(Va-  Vb-Vc)  drops  to  the  predetermined  voltage 
value  K,  the  voltage  state  control  signal  S2  is  applied 

<5  to  the  main  switch  means  1,  whereby  the  main 
switch  means  1  and  2  are  operated  so  that  the  main 
switch  means  2  is  turned  ON,  and  thus  even  during 
the  transient  time  where  the  output  power  control 
signals  Si  and  Si'  are  not  produced,  the  temporary 

V  interruption  of  the  wave  form  is  avoided,  so  that  the 
negative  feedback  state  is  maintained  and  the  stable 
control  can  be  effected. 

The  predetermined  value  K,  referred  to  in  the 
above  description,  corresponds  to  a  value  of  the 

'5  voltage  applied  to  said  switch  means  1  or  2 
immediately  before  the  main  switch  means  1  or  2  is 
turned  ON  by  the  voltage  state  control  signal  S2  or 
S2'  minus  a  value  conversed  to  the  primary  side  from 
the  output  voltage.  This  value  K  must  meet  such 

10  relationship  in  potential  that  a  current  flows  when  the 
main  switch  means  1  or  2  is  turned  ON  and, 
consequently,  it  must  have  a  positive  value. 

If  this  value  falls  within  a  range  where  the 
oscillation  can  be  sustained,  it  is  desirable  to  reduce 

35  this  value,  because  the  smaller  is  this  value,  the 
closer  is  the  operating  frequency  to  the  parallel 
resonant  frequency  of  the  tank  circuit  10,  so  that  the 
current  at  the  breeder  resistance  can  be  minimized. 

Under  a  transient  state  where  a  usual  variation 
40  occurs,  the  oscillation  is  sustained  by  the  operation 

of  the  above-mentioned  voltage  state  control  signals 
S2,  S2'  until  the  output  power  control  signal  Si,  S2 
comes  into  operation,  whereby  the  steady-state 
operation  can  be  restored.  However,  in  the  case 

45  where  a  considerable  variation  in  the  load  arises,  for 
example,  a  variation  arises  from  a  heavy  load  to  a 
light  load  (and  the  current  considerably  decreases 
accordingly),  it  is  probable  that  the  voltage  does  not 
drop  to  the  predetermined  voltage  K,  because  of 

50  small  amplitude  of  the  tank  circuit  10  itself  and, 
consequently,  small  amplitude  of  the  voltage 
(Va  -  Vb  -  V0)  and  the  voltage  (Vb  -  Vc).  In  such  case, 
both  of  the  output  power  control  signals  Si,  Si'  and 
the  voltage  state  control  signals  S2,  S2'  are  not 

55  generated,  but  at  the  time  ts  or  t-io  where  the 
resonant  current  h  flowing  through  the  resonant 
reactor  8  becomes  zero  in  the  process  of  changing 
from  negative  to  positive  or  from  positive  to 
negative,  the  current  state  control  signal  S4,  S4'  is 

60  applied  to  the  main  switch  means  1  or  2  to  cause  the 
main  switch  means  1  or  2  to  be  turned  ON.  At  this 
time,  the  oscillating  frequency  of  the  tank  circuit  10 
lowers  toward  the  parallel  resonant  frequency,  so 
that  the  operating  frequency  is  decreased  and  the 

65  amplitude  of  the  voltage  of  the  tank  circuit  1  0  itself  is 
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increased  accordingly,  until  the  output  power  con- 
trol  signal  Si,  Si'  operates  with  priority  to  the  voltage 
state  control  signal  S2,  S2'  and  for  a  while  the  output 
power  control  signal  Si,  Si'  operates,  whereby  the 
steady-state  operation  is  restored.  Thus,  even  in  a 
transient  state  where  both  of  the  output  power 
control  signals  Si,  S2  and  the  voltage  state  control 
signal  S2,  S2'  are  not  generated,  temporary  interrup- 
tion  of  a  wave  form  is  avoided,  so  that  the  negative 
feedback  state  is  maintained  and  the  stable  control 
of  the  converter  is  assured. 

In  the  above  descriptions,  the  present  invention  is 
explained  with  reference  to  the  embodiments  where 
the  invention  is  applied  to  the  constant  output 
voltage  control.  The  present  invention  can  be  also 
applied  to  a  constant  current  control.  Such  embodi- 
ment  will  be  hereinafter  described. 

Fig.  6  illustrates  a  fourth  embodiment  of  the 
oresent  invention.  In  Fig.  6,  the  circuit  is  so  arranged 
that  the  resonant  capacitors  5  and  6  also  perform  a 
function  of  the  resonant  capacitor  9  as  shown  in 
Fig.  4.  The  input  capacitors  31  and  32  act  to  divide  a 
potential  of  the  DC  input  power  source  7.  The 
method  of  controlling  the  series  resonant  converter 
of  this  embodiment  is  substantially  same  as  ex- 
plained  with  reference  to  the  embodiment  shown  in 
Fig.  4.  The  technical  effect  obtained  is  also  substan- 
tially  same  as  explained  with  reference  to  Fig.  4. 

Fig.  7  illustrates  a  fifth  embodiment  of  the  present 
invention.  In  this  embodiment,  the  diodes  33  and  34 
are  connected  in  parallel  with  the  main  switch 
means  1  and  2  but  with  opposite  polarities  with 
respect  thereto.  The  method  of  controlling  the  series 
resonant  converter  of  this  embodiment  is  substan- 
tially  same  as  explained  with  reference  to  the 
embodiment  shown  in  Fig.  4  and  the  technical  effect 
obtained  in  the  former  is  substantially  same  as  in  the 
latter. 

Fig.  8  illustrates  a  sixth  embodiment  of  the 
present  invention.  The  circuit  arrangement  of  this 
embodiment  corresponds  to  a  combination  of 
embodiments  of  Figs.  6  and  7.  The  method  controll- 
ing  the  converter  and  the  technical  effect  of  the 
embodiment  shown  in  Fig.  8  are  substantially  same 
as  those  explained  with  reference  to  the  embodi- 
ment  shown  in  Fig.  4. 

Claims 

1  .  A  series  resonant  power  converter,  com- 
prising: 
a  first  circuit  including  a  first  switch  means  and 
a  second  switch  means  connected  in  series 
with  each  other  in  a  forward  direction; 
a  second  circuit  including  a  first  diode  and  a 
second  diode  connected  in  series  with  each 
other  in  a  forward  direction; 
a  third  circuit  including  a  first  resonant  capaci- 
tor  and  a  second  resonant  capacitor  connected 
in  series  with  each  other; 
a  DC  power  source  connected  across  both 
ends  of  said  first,  second  and  third  circuits; 
a  first  resonant  inductor  connected  in  a  path  of 
a  main  current  flowing  through  said  first  switch 

means  or  said  second  switch  means,  said  first 
resonant  inductor  being  connected,  at  its  one 
end,  to  a  juncture  of  said  first  switch  means  with 
said  second  switch  means  and,  at  its  other  end, 

5  to  a  juncture  of  said  first  diode  and  said  second 
diode  and  a  juncture  of  said  first  resonant 
capacitor  with  said  second  resonant  capacitor; 
and 
a  second  resonant  inductor  connected,  at  its 

10  one  end,  to  the  juncture  of  said  first  diode  with 
said  second  diode  and  the  juncture  of  said  first 
resonant  capacitor  with  said  second  capacitor 
and,  at  its  other  end,  to  a  neutral  potential  point 
of  said  DC  power  source. 

15  2.  A  series  resonant  power  converter 
including  a  first  resonant  circuit  consisting  of 
one  of  a  first  main  switch  means  or  a  second 
main  switch  means,  one  of  which  is  in  ON-state 
and  a  main  transformer,  a  second  resonant 

20  circuit,  rectifying  means  for  producing  a  DC 
output  power  from  a  secondary  winding  of  said 
main  transformer  and  a  control  circuit  for 
controlling  ON-OFF  operation  of  said  first  or 
second  main  switch  means,  wherein,  said 

25  control  circuit  comprises  a  circuit  for  driving 
said  first  or  second  main  switch  means  to  its 
OFF-state  in  order  to  generate  a  required  DC 
output  power; 
a  circuit  for  detecting  a  current  flowing  through 

30  said  first  or  second  main  switch  means  and  for 
driving  said  first  or  second  switch  means  to  its 
OFF-state  at  the  time  when  the  detected 
current  becomes  zero; 
a  circuit  for  detecting  a  current  flowing  through 

35  said  second  resonant  circuit  and  for  driving  said 
first  or  second  main  switch  means  to  its 
OFF-state  at  the  time  when  said  current  flowing 
through  said  second  main  switch  becomes 
zero;  and 

40  a  circuit  having  means  for  detecting  and 
computing  a  voltage  applied  across  said  first  or 
second  main  switch  means  and  arranged  to 
drive  said  first  or  second  main  switch  means  to 
ON-state  at  the  time  when  said  detected  and 

45  computed  voltage  drops  to  a  minimum  voltage 
required  to  sustain  oscillation  of  the  series 
resonant  power  converter. 

3.  A  series  resonant  power  converter  accord- 
ing  to  claim  2,  wherein  said  detecting  and 

50  computing  means  comprises: 
a  detecting  circuit  for  detecting  an  input 
voltage; 
a  detecting  circuit  for  detecting  a  voltage  of  said 
second  resonant  circuit; 

55  a  detecting  circuit  for  detecting  a  DC  output 
voltage  conversed  into  an  electromotive  force 
at  the  primary  side  of  said  main  transformer; 
and 
a  computing  circuit  for  computing  these  volt- 

60  ages. 
4.  A  method  of  controlling  a  series  resonant 

power  converter  including  a  first  resonant 
circuit  consisting  of  one  of  a  first  main  switch 
means  or  second  main  switch  means  which  is  in 

65  ON  state  and  a  main  transformer  and  a  second 

7 
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imary  Side  irum  a  value  ui  a  vuuayc  q(j(jiiv=vj 
;ross  said  first  or  second  main  switch  means 
linus  a  value  of  an  output  voltage  drops  below 
reference  voltage  (K),  in  the  case  where  the 
jove-mentioned  output  control  signal  has  not 
een  generated  at  a  transient  time  owing  to 
iriation  of  load  condition,  variation  of  input 
Dltageorthelike. 
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isonant  circuit,  in  which  ON-OPr-  operation  or 
lid  first  or  second  main  switch  means  is 
Dntrolled  by  an  output  power  control  signal,  to 
-oduce  a  predetermined  DC  output  power, 
lid  method  comprising:  5 
step  of  causing  said  first  or  second  main 

witch  means  to  be  turned  ON  by  a  voltage 
tate  detecting  signal,  thereby  avoiding  tempor- 
ry  interruption  of  wave  form  to  sustain  oscillat- 
ig  operation,  when  a  value  conversed  to  a  10 
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