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Description 

This  invention  relates  to  voltage  fed  resonant 
inverters  and  more  particularly  to  a  control  for 
operating  voltage  fed  series  resonant  inverters 
with  a  parallel  connected  load  across  one  of  the 
series  resonant  circuit  components. 

Operating  dc-ac  inverters  with  a  resonant  load 
is  attractive  since  sine  wave  output  currents  and 
voltages  can  be  achieved,  and  since  inverter 
switching  devices  can  operate  with  low  switch- 
ing  losses.  Another  advantage  of  resonant  inver- 
ters  is  the  potential  for  reduced  electromagnetic 
interference  due  to  the  low  harmonic  content  of 
the  sinusoidal  output  current  and  voltages. 

In  voltage-fed  series  resonant  inverters  with 
the  load  connected  in  parallel  with  one  of  the 
series  resonant  components,  low  load  operation 
using  known  resonant  type  inverter  controls 
results  in  large  circulating  currents  in  the  reactive 
components  of  the  resonant  circuit.  When 
resonant  inverters  are  used  in  medical  x-ray 
applications  to  supply  the  high  voltage  required 
across  the  x-ray  tube,  a  dc  voltage  is  converted 
to  a  high  frequency  ac  voltage  which  is  then 
stepped  up  and  rectified  to  provide  high  voltage 
dc  to  the  x-ray  tube.  In  x-ray  applications,  peak 
power  outputs  are  required  for  short  lengths  of 
time  when  penetrating  x-rays  are  desured  and 
low  power  outputs  are  required  for  longer 
lengths  of  time  when  scanning  x-rays  are 
desired.  Since  the  peak  power  outputs  are 
required  for  short  lengths  of  time,  it  would  be 
desirable  not  to  have  to  design  the  transformer 
for  steady-state  power  handling  capability  so 
that  a  physically  smaller,  lower  weight,  less 
expensive  transformer  could  be  used.  However, 
with  series  inverters  having  the  load  connected 
in  parallel  with  one  of  the  reactive  resonant 
components,  large  circulating  reactive  currents 
exist  in  the  circuit  during  no  load  and  low-load 
conditions,  requiring  devices  such  as  the  inverter 
output  transformer  to  be  designed  with  steady 
state  full  load  current  handling  capability. 

It  is  an  object  of  the  present  invention  to 
provide  a  control  for  a  voltage  fed  resonant 
inverter  which  reduces  circulating  currents  in  the 
resonant  elements  so  as  to  avoid  excessive 
power  dissipation  during  no  load  and  light  load 
operation. 

Summary  of  the  Invention 
In  one  aspect  of  the  present  invention,  a  con- 

trol  for  a  voltage  fed  series  resonant  inverter  is 
provided  having  controllable  switch  means 
which  supplies  square  wave  voltage  signals  to  a 
series  resonant  circuit.  The  output  of  the  inverter 
is  coupled  to  a  rectifier  to  provide  dc  power  to  a 
load.  The  control  comprises  summer  means  for 
comparing  a  commanded  dc  voltage  to  an  actual 
dc  output  voltage  and  providing  an  error  signal. 
An  oscillator  means  responsive  to  the  error 
signal  generates  a  frequency  signal  that  is 
coupled  to  the  controllable  switch  means  to  vary 
the  frequency  of  the  square  wave  voltage  sup- 

plied  to  the  resonant  circuit  by  closed  loop  con- 
trol.  The  duty  cycle  of  the  frequency  signal  sup- 
plied  to  the  controllable  switch  means  is 
adjusted  so  that  the  frequency  signal  is  provided 

5  in  bursts  during  low  load  conditions  thereby 
minimizing  circulating  currents  while  maintain- 
ing  the  output  voltage  due  to  the  closed  loop 
frequency  control. 

w  Brief  Description  of  the  Drawing 
While  the  specification  concludes  with  claims 

particularly  pointing  out  and  distinctly  claiming 
the  present  invention,  the  objects  and  advan- 
tages  of  the  invention  can  be  more  readily  ascer- 

15  tained  from  the  following  description  of  pre- 
ferred  embodiments  when  used  in  conjunction 
with  the  accompanying  drawing  in  which: 

Figure  1  is  a  part  block  diagram,  part  schema- 
tic  representation  of  a  voltage  fed  resonant  con- 

20  verter  and  control  in  accordance  with  the  present 
invention; 

Figure  2  is  a  waveform  diagram  showing  the 
expected  current  in  the  primary  of  the  step-up 
transformer  during  low  load  operation; 

25  Figure  3  is  a  graph  showing  the  ratio  of  the 
output  voltage  to  the  input  voltage  of  the  inverter 
of  Figure  1  due  to  the  resonant  voltage  transfor- 
mation;  and 

Figure  4  is  a  part  block  diagram,  part  schema- 
30  tic  representation  of  another  embodiment  of  a 

resonant  converter  and  control  in  accordance 
with  the  present  invention. 

Detailed  Description  of  the  Drawings 
35  Referring  now  to  the  drawings  wherein  like 

numerals  designate  like  elements,  there  is  shown 
in  Figure  1  a  resonant  dc  to  dc  converter.  An 
external  source  of  dc  power  (not  shown)  pro- 
vides  dc  power  at  terminals  3  and  4.  Inter- 

40  connected  between  terminals  3  and  one  end  of  a 
high  frequency  capacitance  filter  5  is  a  120  Hertz 
inductive  filter  6.  The  other  end  of  capacitance 
filter  5  is  connected  to  terminal  4.  A  full  bridge 
inverter  7  is  provided  having  four  switching 

45  devices  that  are  capable  of  carrying  reverse  cur- 
rent  and  capable  of  being  turned  off  by  a  switch- 
ing  signal.  The  switching  devices  are  shown  as 
bipolar  junction  power  transistors  9,  11,  13  and 
15,  each  switching  device  having  an  inverse 

50  diode  17,  19,  21  and  23  connected  in  parallel, 
respectively.  Other  switching  devices  with  gate 
turn-off  capability  which  could  be  used  instead  of 
the  parallel  connected  transistor  diode  combina- 
tions  are  power  metal-oxide  semiconductor  field 

55  effect  transistors  (MOSFETs)  (reverse  current 
carried  by  an  integral  parasitic  diode),  monolithic 
Darlingtons  (reverse  current  carried  by  a  parasi- 
tic  diode)  and  gate  turn-off  silicon  controlled 
rectifiers  each  having  a  diode  connected  in 

so  inverse  parallel.  Power  transistors  9  and  11  are 
connected  in  series  with  one  another  across 
capacitor  5  as  are  power  transistors  13  and  15. 
The  output  of  inverter  7  is  available  across  the 
junctions  and  between  series  connected  tran- 

65  sistors  9  and  11,  and  series  connected  transistors 
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3  and  15,  respectively.  Snubbers  comprising 
nubber  capacitors  25,  27,  29  and  32  are  each 
onnected  across  respective  transistors  9,  11,  13 
md  15. 

A  primary  winding  33  of  a  high  frequency-high 
-oltage  step-up  transformer  35  operating 
ypically  at  5-30  kilohertz,  is  connected  between 
unctions  a  and  b  in  inverter  7.  The  transformer  35 
las  two  secondary  windings  37  and  39.  A  high 
'oltage  full  bridge  diode  rectifier  41  is  connected 
icross  secondary  winding  37  and  the  high  voltage 
ull  bridge  rectifier  43  is  connected  across 
secondary  winding  39.  The  outputs  of  the  two 
>ridge  rectifiers  41  and  43  are  connected  in  series 
vith  one  another,  with  the  junction  of  the  two 
ectifiers  grounded  to  reduce  insulation  to  ground 
equirements  of  the  transformer  and  to  facilitate 
roltage  and  current  measurements  for  control 
jurposes.  The  two  rectifiers  supply  a  load  shown 
n  Figure  1  as  an  x-ray  tube  45. 

A  control  47  has  as  input  signals  a  commanded 
jutput  dc  voltage  E0*  for  the  dc-dc  converter  and 
a  feedback  voltage  signal  proportional  to  E0.  The 
eedback  voltage  signal  is  obtained  from  a  volt- 
age  divider  comprising  resistors  49,  50,  51  and  52 
:onnected  in  series  with  one  another,  with  the 
series  combination  connected  across  the  x-ray 
:ube  45.  The  junction  between  resistors  50  and  51 
s  grounded  and  the  voltage  divider  output  volt- 
age  is  taken  across  resistors  51  and  50.  The  output 
/oltage  of  the  voltage  divider  is  supplied  to  a 
differential  amplifier  53  (the  output  voltage  of  the 
/oltage  divider  between  resistors  49  and  50  is 
Dositive  relative  to  ground,  and  the  output  voltage 
Between  resistors  51  and  52  is  negative  relative  to 
ground)  producing  a  signal  proportional  to  the 
output  voltage.  The  commanded  voltage  is  com- 
pared  to  the  signal  proportional  to  the  actual 
output  voltage  E„  in  summer  58  to  generate  an 
error  signal.  The  error  signal  is  passed  through  a 
proportional  plus  integral  regulator  60,  to  a  limit 
circuit  62.  The  regulator  60  shown  does  not  invert 
the  signal.  The  limit  circuit  62  assures  that  a 
lagging  load  is  presented  to  the  inverter  by 
allowing  the  inverter  to  operate  at  or  above  the 
resonant  frequency  of  the  series  resonant  circuit. 

The  resonating  circuit  of  Figure  1  is  realized 
with  parasitic  elements  with  the  transformer  leak- 
age  reactances  serving  as  the  resonating  inductor 
while  the  transformer  shunt  capacitance  serves  as 
the  resonating  capacitance.  The  parasitic 
resonant  components  act  as  though  they  are  in 
series  with  one  another  with  the  load  connected 
across  the  resonating  capacitance.  For  a  more 
detailed  explanation,  reference  should  be  made 
to  copending  European  application  83  110  660.4, 
entitled  "High  Frequency  X-ray  Generator  Power 
Supply",  filed  October  26,  1983  and  assigned  to 
the  instant  assignee.  The  above  referenced 
application  is  hereby  incorporated  by  reference. 
The  output  of  the  limit  circuit  is  connected  to  a 
voltage  controlled  oscillator  64.  The  voltage  con- 
trol  oscillator  is  connected  to  one  input  of  a  two 
input  AND  gate  65.  The  other  input  of  AND  gate 
65  is  connected  to  either  a  logical  one  voltage 

level  +v  or  a  puise  generaior  do  Dy  a  swucn  o/. 
The  output  of  the  AND  gate  is  connected  to  base 
driver  68  which  is  coupled  to  the  bases  of  tran- 
sistors  9,  11,  13  and  15,  and  alternately  switches 

?  the  transistors  at  opposite  corners  of  the  inverter. 
Operation  of  the  circuit  of  Figure  1  will  now  be 

described.  A  commanded  dc  output  voltage  E0*  is 
compared  in  summer  58  to  a  signal  proportional  to 
the  actual  output  voltage  E0  to  develop  an  error 

o  signal.  The  error  signal,  after  passing  through  the 
proportional  plus  integral  regulator  circuits  60, 
which  provides  gain  and  aids  in  stablization  of  the 
feedback  loop  is  supplied  to  an  input  of  the  limit 
amplifier  circuit  62.  The  limit  amplifier  circuit  pro- 

's  vides  a  maximum  output  signal  in  response  to  a 
minimum  error  signal  and  a  minimum  output 
signal  in  response  to  a  maximum  signal.  The  curve 
in  box  62  represents  the  transfer  function  of  the 
amplifier  with  the  x-axis  representing  the  input 

>.o  signal  an'd  the  y-axis  the  resulting  signal.  The 
output  signal  of  the  limit  circuit  when  provided  to 
the  voltage  controlled  oscillator  64  results  in  a 
signal  of  selected  frequency,  or  frequency  signal 
supplied  to  the  base  driver  68  which  in  turn 

?5  switches  the  transistors  9,  11,  13  and  15  of  the 
inverter  7,  when  switch  67  is  a  first  position 
enabling  AND  gate  65.  Switch  67  is  positioned  in 
the  first  position  when  high  power  x-rays  are 
required.  The  switch  can  be  set  when  the  x-ray 

?o  operator  selects  the  tube  voltage  and  filament 
heating  current.  When  switch  67  is  in  a  second 
position  corresponding  to  low  power  pulse  x-rays, 
pulse  generator  66  enables  AND  gate  65  when 
pulses  from  the  generator  are  at  a  logical  one  level 

?5  and  disables  AND  gate  65  when  the  pulses  are  at  a 
logical  zero  level.  The  pulses  from  generator  66 
result  in  bursts  of  switching  signals  applied  to 
transistors  9,  11,  13  and  15.  The  square  waves 
produced  by  transistors  9,  11,  13and  15acrossthe 

to  resonant  circuit  are  illustrated  in  Figure  2  during 
the  burst  mode.  For  the  shown  application  a  duty 
cycle  of  10%  has  been  found  to  operate  satis- 
factorily  to  maintain  the  regulated  value  of  x-ray 
tube  plate  voltage  without  appreciable  output  rip- 

45  pie  during  the  burst  period.  The  frequency  of  the 
square  wave  supplied  by  the  inverter  bridge  to 
drive  the  series  resonant  circuit  parasitic  elements 
of  the  transformer  above  its  resonant  frequency  is 
under  closed  loop  control  at  all  times,  including 

so  operation  in  the  burst  mode.  As  the  error  signal 
from  summer  58  increases  in  a  positive  direction, 
signifying  a  call  for  additional  voltage  step-up,  the 
limit  circuit  62  decreases  the  voltage  supplied  to 
the  voltage  control  oscillator,  thereby  decreasing 

55  the  frequency  of  the  signal  supplied  to  the  parasitic 
resonant  circuit  causing  the  circuit  to  operate 
closer  to  its  damped  resonant  frequency. 

Referring  to  Figure  3,  the  ratio  of  the  output 
voltage  to  the  input  voltage  versus  normalized 

60  inverter  frequency  is  shown  for  a  load  impedance 
expressed  by  the  equation 

R0'=  RVLTC  (1) 

65  where 

3 
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n  is  ioaa  resistance  connectea  to  tne  resonant 

circuit  and 
L  and  C  are  the  effective  inductance  and  capaci- 
tance  of  the  parasitic  circuit,  respectively. 

Maximum  step-up  occurs  with  minimum  damp- 
ing  at  the  damped  resonant  frequency  which  is 
slightly  lower  than  the  resonant  frequency  of  the 
parasitic  circuit.  The  resonant  frequency  F0  is 
defined  by 

F0=1/(2nVLC)  (2) 

A  resonant  frequency  ratio  of  1  signifies  that  the 
actual  frequency  F  which  is  in  the  numerator  is 
equal  to  the  resonant  frequency  F0  in  the 
denominator.  The  voltage  developed  across  the 
individual  energy  storage  elements  and  the  series 
resonant  circuit  is  dependent  on  the  damping 
provided  by  the  rectifier,  filter  and  tube  and  the 
frequency  of  operation. 

In  a  resonant  circuit,  the  voltage  across  one 
series  energy  storage  element  can  be  greaterthan 
the  voltage  across  the  series  combination  of  the 
resonant  circuit  elements.  High  instantaneous 
voltages  across  the  inductance  and  capacitance 
occur  180°  out  of  phase  with  one  another.  The 
output  voltage  of  the  resonant  circuit  in  the 
apparatus  of  Figure  1  is  taken  across  the  equiva- 
lent  shunt  capacitance  of  the  resonant  circuit  of 
the  transformer  parasitic  resonant  circuit.  At  low 
load  situations,  occurring  when  a  relatively  small 
Filament  heater  current  is  flowing,  large  circulat- 
ing  currents  flow  in  the  resonant  circuit  of 
approximately  the  same  value  as  when  full  power 
is  supplied  to  the  tube.  By  operating  the  inverter 
with  a  burst  of  oscillations,  the  parasitic  capaci- 
tance  charge  can  be  maintained  at  substantially 
the  regulated  value  without  undue  output  ripple 
with  the  capacitance  being  recharged  during 
burst  intervals.  Large  continuous  circulating  cur- 
rents  in  the  transformer  can  be  avoided,  reducing 
ihe  sizing  requirements  of  the  transformer 
■ogether  with  the  power  dissipated, 
deferring  now  to  Figure  4,  a  half  bridge  arrange- 
nent  of  the  present  invention  is  shown.  DC  input 
Dower  obtained  from  an  external  source  (not 
shown)  is  connected  through  an  inductor  75  to  a 
lalf  bridge  inverter  77  comprising  two  capacitors 
79  and  81  connected  in  series  across  the  positive 
md  negative  rails  of  the  dc  input  power  to  estab- 
ish  a  split  power  supply.  Two  series  connected 
switches  capable  of  conducting  reverse  current  are 
:onnected  between  the  positive  and  negative  rails 
)f  the  half  bridge  inverter  77.  The  switches  shown 
are  bipolar  transistors  83  and  85  with  inverse 
parallel  diodes  87  and  89  connected  across  each 
switch,  respectively.  Lossless  snubbers  comprising 
:apacitors  91  and  93  are  each  connected  across  the 
twitches,  respectively. 

The  output  of  the  half  bridge  inverter  is  avail- 
ible  across  the  junctions  between  the  series 
:onnected  capacitors  79  and  81  and  the  two  series 
:onnected  switches.  A  resonant  circuit  comprises 
in  inductor  95  and  a  capacitor  97  connected  in 
leries  across  the  output  of  the  half  bridge  inver- 

ter.  The  output  of  the  resonant  circuit  is  available 
across  the  capacitor  and  is  connected  to  the  input 
of  a  rectifier  99.  The  output  of  the  rectifier  is 
connected  in  parallel  with  a  filter  capacitor  101 

5  and  to  a  load  not  shown. 
A  control  103  has  an  input  of  load  voltage 

supplied  to  an  isolation  amplifier  105.  The  output 
of  the  isolation  amplifier  and  a  commanded  out- 
put  voltage  ED*  are  compared  in  a  summer  58  and 

w  the  resulting  error  signal  is  passed  through  a 
proportional  plus  integral  regulator  circuit  60  to 
the  input  of  a  limit  circuit  62.  The  regulator  60 
shown  does  not  invert  the  signal.  The  limit  circuit 
62  assures  that  a  lagging  load  is  presented  to  the 

15  inverter  by  allowing  the  inverter  to  operate  at  or 
above  the  resonant  frequency  of  the  series 
resonant  circuit.  The  output  of  the  limit  circuit  62 
is  connected  to  a  voltage  controlled  oscillator  64. 
The  output  of  the  voltage  controlled  oscillator  is 

20  connected  to  one  input  of  a  two  input  AND  gate 
107. 

A  current  sensor  109  measures  the  current 
supplied  to  the  load  of  the  resonant  converter. 
The  load  current  is  compared  to  a  predetermined 

25  value  of  load  current  lL0  in  a  differential  com- 
parator  with  hysteresis  111.  The  output  of  com- 
parator  111  is  connected  to  one  input  of  a  two 
input  AND  gate  113.  Connected  to  the  other  input 
is  the  output  of  a  pulse  generator  115.  The  output 

30  of  AND  gate  113  is  connected  to  a  logic  inverter 
117.  The  output  of  the  logic  inverter  is  connected 
to  the  other  input  of  AND  gate  107.  The  output  of 
AND  gate  107  provides  input  signals  to  a  base 
driver  circuit  1  19  which  is  coupled  to  the  bases  of 

35  transistors  83  and  85  and  alternately  switches  the 
two  transistors  83  and  85. 

In  operation,  Figure  4  works  in  a  similar  fashion 
to  Figure  1  except  that  a  half  bridge  inverter  is 
used  to  provide  square  wave  voltage  across  a 

io  series  resonant  circuit  and  the  burst  mode  of 
operation  is  determined  by  the  current  magnitude 
supplied  by  the  resonant  circuit  to  the  load  (not 
shown). 

When  the  current  provided  by  the  converter  to  a 
is  load  drops  below  a  predetermined  amount, 

shown  as  lL0,  the  output  of  the  differential  ampli- 
fier  with  hysteresis  transitions  to  a  high  or  logical 
one  state  enabling  AND  gate  113.  A  pulse  with  a 
predetermined  duty  cycle  is  inverted  in  inverter 

;o  117  and  enables  AND  gate  107  for  short  periods  of 
time  to  allow  bursts  of  frequency  signals  from  the 
voltage  controlled  oscillator  to  supply  square 
waves  of  voltage  to  the  resonant  circuit.  The 
frequency  of  the  applied  pulses  is  determined  by 

>5  the  closed  loop  which  comprises  elements  105, 
58,  60,  62,  64  and  119,  which  collectively  are 
responsive  to  the  difference  between  com- 
manded  and  actual  load  voltage.  When  the  load 
current  is  greater  than  a  predetermined  value  lL0, 

o  AND  gate  113  is  disabled  and  gate  107  is  enabled, 
permitting  the  output  of  the  voltage  controlled 
oscillator  64  to  continuously  provide  frequency 
signals  to  switch  transistors  83  and  85. 

The  size  of  filter  capacitor  101  is  selected  so  that 
5  during  burst  mode  operation  at  a  particular  duty 
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;ycle  when  the  burst  signal  is  present  the  volt- 
age  across  the  capacitor  can  be  built  up  to  the 
:ommanded  value  without  excessive  output  rip- 
3le. 

While  the  pulse  generator  115  shown  has  a 
:ixed  duty  cycle,  it  is  also  possible  to  vary  the 
duty  cycle  as  a  function  of  load  current  with 
onger  bursts  occurring  at  higher  load  currents. 

The  foregoing  describes  a  control  for  a  volt- 
age-fed  series  resonant  inverter  that  achieves 
good  regulation  of  the  output  voltage  of  the 
nverter  from  no  load  to  full  load  and  which 
■educes  circulating  continuous  currents  in  the 
■esonant  elements  which  can  result  in  excessive 
aower  dissipation  during  no  load  and  light  load 
operation. 

While  the  invention  has  been  particularly 
shown  and  described  with  reference  to  several 
smbodiments  thereof,  it  will  be  understood  by 
those  skilled  in  the  art  that  various  changes  in 
Form  and  details  may  be  made  without  depart- 
ing  from  the  spirit  and  scope  of  the  invention. 

Claims 

1.  A  control  for  a  voltage  fed  series  resonant 
inverter  (7),  having  controllable  switch  means 
(9,  11,  13,  15)  which  provides  square  wave  volt- 
age  to  a  resonant  series  circuit,  represented  by 
an  inductance  and  a  capacitance  the  output  of 
said  resonant  series  circuit  being  coupled  to  a 
rectifier  (41,  43)  to  provide  dc  power  to  a  load 
(45),  said  control  comprising: 

summer  means  (58)  for  comparing  a  com- 
manded  dc  voltage  (E0+)  to  the  actual  dc  output 
voltage  of  said  inverter  and  providing  an  error 
signal;  and 

oscillator  means  (64)  responsive  to  said  error 
signal  for  generating  a  frequency  signal,  said 
oscillator  means  being  coupled  to  said  control- 
lable  switch  means  to  thereby  vary  the  square 
wave  voltage  frequency  supplied  to  said 
resonant  circuit;  characterized  by 

means  for  controlling  the  duty  cycle  of  said 
frequency  signal  supplied  to  said  controllable 
switch  means  so  that  said  frequency  signals  are 
supplied  in  bursts  during  low  load  conditions 
thereby  minimizing  continuous  circulating  cur- 
rents  while  maintaining  the  output  voltage  with 
low  ripple. 

2.  The  control  of  claim  1  wherein  said  induc- 
tance  and  said  capacitance  are  represented  by 
the  parasitic  components  of  a  high  frequency- 
high  voltage  step-up  transformer. 

3.  The  control  of  claim  1  or  2  wherein  said 
means  for  controlling  the  duty  cycle  of  said 
frequency  signal  further  comprises: 

means  for  sensing  the  current  supplied  to  the 
load; 

comparison  means  for  determining  when  said 
sensed  current  exceeds  a  predetermined  value, 
and 

means  responsive  to  said  comparison  means 
for  reducing  the  duty  cycle  of  the  frequency 
signal  supplied  to  said  controller  switch  means 

when  said  predetermined  value  exceeds  said 
sensed  current. 

4.  The  control  of  claim  1  wherein  said  means 
for  controlling  the  duty  cycle  of  said  frequency 

5  signal  further  comprises: 
means  for  sensing  the  current  supplied  to  the 

load; 
means  responsive  to  said  comparison  means 

for  reducing  the  duty  cycle  of  the  frequency 
w  signal  supplied  to  said  controller  switch  neans 

when  said  predetermined  value  exceeds  said 
sensed  current. 

Patentanspruche 
15 

1.  Steuerung  fur  einen  mit  Spannung  versorg- 
ten  Reihenresonanz-Wechselrichter  (7)  mit 
einem  steuerbaren  Schaltmittel  (9,  11,  13,  15), 
das  einem  Reihenresonanzkreis  aus  einer  Induk- 

20  tivitat  und  einer  Kapazitat  eine  Spannung 
zufuhrt,  wobei  der  Ausgang  des  Reihenreson- 
anzkreises  mit  einem  Gleichrichter  (41,  43)  zur 
Versorgung  eines  Verbrauchers  (45)  mit  Gleich- 
spannung  verbunden  ist  und  die  Steuerung  auf- 

25  weist:  ein  Summiermittel  (58)  zum  Vergleichen 
eines  Gleichspannungssollwertes  (ED+)  mit  dem 
Istwert  der  Ausgangsgleichspannung  des  Wech- 
selrichters  und  zum  Erzeugen  eines  Regelabwei- 
chungssignals  und  ein  Oszillatormittel  (64),  das 

30  in  Abhangigkeit  von  dem  Regelabweichungssi- 
gnal  ein  Frequenzsignal  erzeugt  und  mit  dem 
steuerbaren  Schaltmittel  so  verbunden  ist,  daB 
die  Frequenz  der  dem  Reihenresonanzkreis 
zugefuhrten  Rechteckspannung  geandert  wird, 

35  gekennzeichnet  durch 
ein  Mittel  zum  Steuern  des  Tastverhaltnisses 

des  dem  steuerbaren  Schaltmittel  zugefuhrten 
Frequenzsignals  derart,  daB  die  Frequenzsignale 
bei  niedriger  Belastung  als  Schwingungsfolgen 

40  zugefuhrt  werden,  so  daS  kontinuierliche  Kreis- 
strome  minimisiert  werden  und  die  Ausgangs- 
spannung  mit  geringer  Welligkeit  beibehalten 
wird. 

2.  Steuerung  nach  Anspruch  1,  bei  der  die 
45  Induktivitat  und  Kapazitat  durch  die  parasitaren 

Komponenten  eines  aufwartstransformierenden 
Hochfrequenz-Hochspannungs-Transformators 
gebildet  sind. 

3.  Steuerung  nach  Anspruch  1  oder  2,  bei  der 
so  das  Mittel  zum  Steuern  des  Tastverhaltnisses 

des  Frequenzsignals  ferner  aufweist:  ein  Mittel 
zum  Messen  des  dem  Verbraucher  zugefuhrten 
Stroms,  ein  Vergleichsmittel  zum  Feststellen,  ob 
der  gemessene  Strom  einen  vorbestimmten 

55  Wert  uberschreitet,  und  Mittel,  die  in  Abhangig- 
keit  von  dem  Vergleichsmittel  das  Tastverhaltnis 
des  dem  steuerbaren  Schaltmittel  zugefuhrten 
Frequenzsignals  verringern,  wenn  der  vorbe- 
stimmte  Wert  den  gemessenen  Strom  uber- 

60  schreitet. 
4.  Steuerung  nach  Anspruch  1,  bei  der  das 

Mittel  zum  Steuern  des  Tastverhaltnisses  des 
Frequenzsignals  ferner  aufweist:  ein  Mittel  zum 
Messen  des  dem  Verbraucher  zugefuhrten 

65  Stroms;  Mittel,  die  in  Abhangigkeit  von  dem 

5 
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vergleichsmittel  das  Tastverhaltnis  des  dem  steu- 
erbaren  Schaltmittel  zugefuhrten  Frequenzsignals 
verringern,  wenn  der  vorbestimmte  Wert  den 
gemessenen  Strom  iiberschreitet. 

Revendications 

1.  Commande  pour  un  onduleur  (7)  resonant  en 
serie  alimente  par  tension,  comportant  un  moyen 
de  commutateur  controlable  (9,  II,  13,  15)  qui 
fournit  une  tension  a  onde  carree  a  un  circuit 
resonant  en  serie,  represents  par  une  inductance 
et  une  capacite,  la  sortie  du  circuit  resonant  en 
serie  etant  appliquee  a  un  redresseur(41,43)  pour 
fournir  une  puissance  a  courant  continu  a  une 
charge  (45),  la  commande  comprenant: 

un  moyen  d'additionneur  (58)  pour  comparer 
une  tension  ordonnee  a  courant  continu  (E0+)  a  la 
tension  reelle  de  sortie  a  courant  continu  de 
I'onduleur  et  fournir  un  signal  d'erreur;  et 

un  moyen  d'oscillateur  (64)  repondant  au  signal 
d'erreur  pour  produire  un  signal  de  frequence,  le 
moyen  d'oscillateur  etant  relie  au  moyen  de 
commutateur  controlable  pour  faire  varier  la  fre- 
quence  de  la  tension  a  onde  carree  fournie  au 
circuit  resonant,  caracterisee  par: 

un  moyen  pour  controler  le  rapport  cyclique  du 
signal  de  frequence  fourni  au  moyen  de  commu- 
tateur  controlable  de  fagon  que  les  signaux  de 
frequence  soient  fournis  par  salves  lors  de  faibles 
conditions  de  charge,  d'ou  la  minimisation  des 
courants  circulant  en  continu  tout  en  ayant  un 

maintien  de  la  tension  de  sortie  avec  une  faible 
ondulation. 

2.  Commande  selon  la  revendication  1,  dans 
laquelle  I'inductance  et  la  capacite  sont  represen- 

5  tees  par  les  composantes  parasites  d'un  transfor- 
mateur  elevateur  de  haute  tension  a  haute  fre- 
quence. 

3.  Commande  selon  la  revendication  1  ou  2, 
dans  laquelle  le  moyen  pour  controler  le  rapport 

w  cyclique  du  signal  de  frequence  comprend  en 
outre: 

un  moyen  pour  detecter  le  courant  fourni  a  la 
charge; 

un  moyen  de  comparaison  pour  determiner  le 
15  moment  ou  le  courant  detecte  depasse  une  valeur 

predeterminee,  et 
un  moyen  repondant  au  moyen  de  comparai- 

son  pour  reduire  le  rapport  cyclique  du  signal  de 
frequence  fourni  au  moyen  de  commutateur  du 

20  controleur  lorsque  la  valeur  predeterminee 
depasse  le  courant  detecte. 

4.  Commande  selon  la  revendication  1,  dans 
laquelle  le  moyen  pour  controler  le  rapport  cycli- 
que  du  signal  de  frequence  comprend  en  outre: 

25  un  moyen  pour  detecter  le  courant  fourni  a  la 
charge. 

un  moyen  repondant  au  moyen  de  comparai- 
son  pour  reduire  le  rapport  cyclique  du  signal  de 
frequence  fourni  au  moyen  de  commutateur  du 

30  controleur  lorsque  la  valeur  predeterminee 
depasse  le  courant  detecte. 

35 

40 

45 

?0 

?5 

)0 

)5 

3 



■P  0  175  811  B l  

NPUT 
DC 

29  T  21  I J 

T. 

T 

+ v -  
6 4  

PULSE  I 
3ENERAT0RT 

9,  II,  13  S  15 
6 \   V  ♦  ♦  ♦ 

67 

v c o  

' J o .  

□Abe. 
DRIVERS 

68 

V  

62  

6 0  

DirrtRcNTIAL 
AMPLIFIER 

00, 

06 
1  

PROPORTIONAL 
PLUS 

INTEGRAL 
REGULATOR 

J 

3 )  

1 



EP  0 1 7 5   811  B1 

[—4  MILLISECONDS 
U—  40  MILLISECONDS- 

2 



iP  0  175  811  B l  

NPUT 
DC 

IIS 
1 -  

r  9 T 

81 

L  L 

13-  IX  0 9 -  
A  

v  

9! 

I 

T v L  

97 

9 9  

RcCTIrlbn 

L  

IIU 

PULSE 
3ENERAT0R 

113 

o 

M -  

I 

I 

ISULAI  IUN 
AMPLIFIER 

u  if  u 

i 

VCO 

6 2 -  

TRANSISTORS 
83  8  85 

r i —   L.  
DAbt 

DRIVERS 
" 7  
119 

L  

BO 

I  I  !  1 

PnOrOn  I  IUNAL 
PLUS 

INTEGRAL 
REGULATOR 

3C, 


	bibliography
	description
	claims
	drawings

