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S)  Electrical  power  supply,  fusing  apparatus  and  recording  apparatus  using  tne  same. 

M  
^ ©   Disclosed  is  an  electrical  power  supply  (18)  for 
00  use,  for  example,  for  a  flush  fusing  device  in  an 
CD  electrophotographic  recording  apparatus,  in  which  a 

DC  high  voltage  is  generated  from  a  low  voltage  of  a 
IflAC  power  supply  (11)  so  that  the  high  voltage  DC 

energy  is  momentarily  consumed  or  discharged.  The 
^electrical  power  supply  (18)  is  configured  in  a  man- 
Oner  so  that,  in  order  to  make  unnecessary  a  charging 

capacitor  and  a  current  limiting  resistor  for  prevent- 
Ujing  rectifier  elements  from  being  damaged,  at  least  a 

part  of  the  rectifier  elements  are  constituted  by  rec- 
tifying  control  elements  such  as  thyristors  or  transis- 

tors  (5,  6)  and  a  control  signal  is  given  to  tnose 
rectifying  control  elements  so  as  to  make  the  rectify- 
ing  control  elements  be  in  an  isolated  state.  By  use 
of  such  a  configuration,  the  electrical  power  supply 
(18)  can  be  reduced  in  size  as  well  as  in  power  loss. 
The  effect  can  be  fully  exhibited  not  only  in  a  fusing 
apparatus  employing  the  electrical  power  supply  but 
in  a  recording  apparatus  employing  such  a  fusing 
apparatus. 
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@LECTRICAL  POWER  SUPPLY,  FUSING  APPARATUS  AND  RECORDING  APPARATUS  USiN<a  I  Mt  s a m e  

3ACKGR0UND  OF  THE  INVENTION 

The  present  invention  relates  to  an  electrical 
jower  supply  for  momentarily  supplying  a  DC  high 
voltage  to  a  load,  and  a  fusing  apparatus  and  a 
ecording  apparatus  which  employ  such  an  elec- 
rical  power  supply. 

In  an  electrophotographic  flash  fusing  appara- 
us  or  the  like,  a  DC  high-voltage  is  produced  from 
i  low-voltage  AC  power  supply,  and  the  produced 
DC  high  voltage  is  used  as  a  power  supply  for 
lush.  In  the  prior  art  of  an  electrical  power  supply 
laving  such  a  purpose,  a  low  voltage  has  been 
inverted  into  a  DC  high  voltage  by  using  a  Cock- 
loft  circuit  (alias  "Cockcroft-  Walton  circuit"),  as 
lescribed  in  "High  Voltage  Engineering"  pp.  90-91 
[published  by  the  Institute  of  Electrical  Engineers 
3f  Japan)  and  JP-A-57-52380. 

Fig.  10  is  a  circuit  diagram  of  a  conventional 
slectrical  power  supply.  A  Cockcroft-Walton  circuit 
I  is  constituted  by  rectifier  elements,  capacitors 
and  resistors  so  as  to  produce  a  DC  high  voltage 
torn  an  AC  low  voltage  of  a  low-voltage  AC  power 
supply  11  and  so  as  to  charge  a 
;harging/discharging  capacitor  23  with  the  pro- 
duced  DC  high  voltage  through  a  limiting  resistor 
24.  During  the  period  of  charging,  a  switch  8  is  in 
an  opened  state,  and  upon  completion  of  sufficient 
:harging,  the  switch  8  is  closed  so  that  the  capaci- 
tor  23  is  momentarily  discharged  through  a  load 
12.  The  limiting  resistor  24  serves  to  prevent  the 
rectifier  elements  of  the  Cockcroft-Walton  circuit  1 
from  being  broken  in  the  period  of  discharging. 

In  the  above-mentioned  prior  art,  there  has 
been  a  problem  that  the  electrical  power  supply  is 
large  in  volume  as  well  as  in  weight  because  of  the 
presence  of  a  charging/discharging  capacitor  and  a 
limiting  resistor,  and  there  has  been  a  further  prob- 
lem  that  the  electrical  power  loss  in  the  limiting 
resistor  is  equal  to  the  power  consumption  in  the 
load.  Such  problems  have  been  serious  particularly 
in  an  electrophotographic  flash  fusing  apparatus 
and  an  electrophotographic  flash  pre-heating  ap- 
paratus  which  have  been  required  to  be  compact  in 
size  and  low  in  power  consumption. 

SUMMARY  OF  THE  INVENTION 

It  is  therefore  an  object  of  the  present  invention 
to  solve  the  foregoing  problems  in  the  prior  art. 

It  is  another  object  of  the  present  invention  to 
provide  an  electrical  power  supply  from  which  a 
limiting  resistor  and  a  charging/discharging  capaci- 
tor  are  eliminated  for  the  sake  of  reducing  its 

volume,  weight  and  power  loss. 
It  is  a  further  object  of  the  present  invention  to 

provide  a  fusing  apparatus  employing  the  above- 
mentioned  electrical  power  supply. 

5  It  is  a  still  further  object  of  the  present  inven- 
tion  to  provide  a  recording  apparatus  employing 
the  above-mentioned  electrical  power  supply. 

The  foregoing  objects  are  attained  by  the  elec- 
trical  power  supply  according  to  the  present  inven- 

ro  tion,  in  which  thyristors  or  transistors  are  used  for  a 
part  or  the  whole  of  rectifier  elements  of  a 
Cockcroft-Walton  circuit,  and  a  control  signal  for 
isolating  or  turning  off  these  thyristors  or  transistors 
is  given  at  the  time  of  discharging. 

is  Since  the  control  signal  makes  the  thyristors  or 
transistors  used  for  rectifier  elements  be  in  an 
isolated  state,  the  current  of  these  isolated  rectifier 
elements  and  other  rectifier  elements  becomes 
zero  or  is  reduced  at  the  time  of  discharging,  so  as 

10  to  prevent  the  rectifier  elements  from  being  broken 
at  the  time  of  discharging.  It  is  therefore  possible  to 
eliminate  a  limiting  resistor  and  a  charging  capaci- 
tor  to  thereby  realize  minimization  in  size  as  well 
as  in  loss. 

25 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Other  features  and  advantages  of  the  present 
30  invention  will  be  apparent  from  the  following  de- 

scription  taken  in  connection  with  the  accompany- 
ing  drawings,  wherein: 

Fig.  1  is  a  diagram  illustrating  a  first  embodi- 
ment  of  the  electrical  power  supply  according  to 

35  the  present  invention; 
Fig.  2  is  a  diagram  illustrating  a  second 

embodiment  of  the  electrical  power  supply  accord- 
ing  to  the  present  invention; 

Fig.  3  is  a  diagram  illustrating  the  operation 
40  waveform  of  a  thyristor  in  the  embodiment  in  Fig. 

2; 
Fig.  4  is  a  diagram  illustrating  an  embodi- 

ment  of  a  flush  light  emitting  apparatus  and  a  flush 
fusing  apparatus  using  the  electrical  power  supply 

45  according  to  the  present  invention; 
Fig.  5  is  a  sectional  side  view  illustrating  a 

flush  fusing  apparatus  in  an  electrophotographic 
apparatus  using  the  electrical  power  supply  accord- 
ing  to  the  present  invention; 

so  Fig.  6  is  a  diagram  illustrating  an  embodi- 
ment  of  a  non-contact  pre-heating  apparatus  im- 
proved  so  as  to  use  the  electrical  power  supply 
according  to  the  present  invention; 

Fig.  7  is  a  diagram  illustrating  a  printer  using 
the  electrical  power  supply  according  to  the 

2 
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present  invention; 
Fig.  8  is  a  diagram  illustrating  a  flush  fusing 

apparatus  and  a  pre-heating  apparatus  using  the 
electrical  power  supply  according  to  the  present 
invention; 

Fig.  9  is  a  diagram  illustrating  a  third  em- 
bodiment  of  the  electrical  power  supply  according 
to  the  present  invention; 

Fig.  10  is  a  circuit  diagram  illustrating  a 
conventional  electrical  power  supply;  and 

Fig.  11  is  a  sectional  side  view  illustrating  a 
conventional  pre-heating  apparatus. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

Fig.  1  is  a  circuit  diagram  illustrating  a  first 
embodiment  of  the  electrical  power  supply  accord- 
ing  to  the  present  invention.  A  Cockcroft-Walton 
circuit  1  is  constituted  by  capacitors  2  to  4,  thyris- 
tors  5  and  6  and  a  diode  7.  By  this  circuit,  a  DC 
voltage  three  times  as  high  as  a  peak  value  of  an 
AC  voltage  applied  from  a  primary  side  AC  power 
supply  11  is  obtained  at  the  nearest  position  to  a 
load  12  i.e.  the  junction  between  the  capacitor  4 
and  the  thyristor  6.  A  control  circuit  10  controls  the 
onToff  operation  of  switches  8  and  9.  A  5-volt  DC 
power  supply  13  is  used  as  a  signal  for  driving  the 
thyristors  5  and  6,  so  that  the  thyristors  5  and  6 
perform  a  rectifying  function  when  the  switch  9  is 
in  a  closed  state,  while  the  thyristors  5  and  6  are 
put  in  an  isolated  or  open  state  when  the  switch  9 
is  in  an  opened  state.  Such  elements  as  those 
thyristors  are  called  "rectifying  control  elements". 
Since  it  is  necessary  that  gate  terminals  of  the 
thyristors  5  and  6  are  used  in  a  floating  state,  the 
gate  terminals  cannot  be  grounded  directly.  There- 
fore,  photo-couplers  28  are  provided  between  the 
switches  8  and  9  and  the  thyristors  5  and  6.  The 
switch  8  is  provided  for  controlling  the  discharge  to 
the  load  12,  and  the  discharge  is  performed 
through  the  switch  8  when  the  switch  8  is  in  a 
closed  state. 

In  this  electrical  power  supply,  it  takes  about 
0.5  seconds  for  boosting,  and  during  the  boosting, 
the  control  circuit  10  maintains  the  switches  8  and 
9  at  open  and  close  state,  respectively,  so  as  to 
charge  the  capacitors  2  to  4.  Since  the  switch  8  is 
in  an  opened  state  at  that  time,  the  respective 
currents  flowing  in  the  thyristors  5  and  6  and  the 
diode  7  are  enough  smaller  than  their  allowable 
maximum  current  values.  If  the  switch  8  was  closed 
in  this  state,  the  capacitors  2  to  4  would  be  dis- 
charged  momentarily  into  the  load  12  through  the 
switch  8.  A  current  i  is  a  time  differential  of  a 
discharged  charge  q,  that  is,  dq/dt.  If  charging  time 
is  microsecond  {ixsj  order  long,  the  current  flowing 

in  each  of  the  thyristors  5  and  6  and  the  diode  7 
would  reach  a  value  of  5  to  1  0  kA  so  as  to  exceed 
the  allowable  maximum  current  value  of  each  of 
the  thyristors  5  and  6  and  the  diode  7,  so  that 

5  those  thyristors  and  diode  might  be  broken.  In  the 
conventional  electrical  power  supply  (shown  in  Fig. 
10),  therefore,  the  limiting  resistor  24  and  the 
charging  capacitor  23  have  been  required.  In  this 
embodiment  according  to  the  present  invention, 

10  however,  the  capacitors  2  to  4  are  charged  under 
the  condition  that  the  switch  8  is  opened  and  the 
switch  9  is  closed,  and  at  the  next  timing,  the 
switch  9  is  opened  by  the  control  circuit  10  while 
the  switch  8  is  left  opened.  At  this  time,  since  the 

75  thyristors  5  and  6  are  in  an  open  state,  a  serial 
circuit  is  formed  from  a  primary  side  ground,  i.e. 
the  earth  terminal  of  the  AC  power  supply  1  1  to  the 
switch  8  through  the  capacitors  3  and  4  while  the 
capacitors  3  and  4  are  left  charged.  At  the  next 

20  timing,  the  switch  8  is  closed  by  the  control  circuit 
10  while  the  switch  9  is  left  opened,  so  that  the 
charge  accumulated  in  the  capacitors  3  and  4  is 
discharged  momentarily  into  the  load  12  through 
the  switch  8.  In  this  condition,  the  switch  9  is  in  an 

25  opened  state,  the  thyristors  5  and  6  are  in  an 
isolated  state,  so  that  no  current  can  flow  in  the 
diode  7  as  well  as  the  thyristors  5  and  6,  and  the 
thyristors  5  and  6  and  the  diode  7  cannot  be 
broken  by  the  discharge  of  the  capacitors  3  and  4. 

30  Although  thyristors  are  employed  as  the  rec- 
tifying  control  elements  in  this  embodiment,  the 
same  effect  can  be  obtained  when  transistors  are 
used.  Further,  in  the  case  where  the  diode  7  is 
replaced  by  a  thyristor  and  all  the  rectifier  ele- 

35  ments  are  controlled  in  the  same  manner,  the 
same  effect  can  be  obtained.  Furthermore,  in  this 
circuit  configuration,  if  the  diode  7  is  replaced  by  a 
thyristor  and  the  thyristor  6  is  replaced  by  a  diode, 
that  is,  if  only  the  final  stage  is  constituted  by  a 

40  diode  in  the  circuit  configuration,  and  if  thyristors 
are  controlled  in  the  same  manner  as  described 
above,  there  is  a  possibility  that  the  final  stage 
diode  may  be  broken  by  a  current  flowing  thereth- 
rough  by  discharging  of  the  capacitor  2.  The  fore- 

45  going  description  may  be  summarized  that  the 
most  effective  way  is  to  control  rectifier  elements 
provided  in  even-numbered  stages  in  a  Cockcroft- 
Walton  circuit  as  mentioned  in  this  embodiment. 

Fig.  2  is  a  circuit  diagram  illustrating  a  second 
so  embodiment  of  the  electrical  power  supply  accord- 

ing  to  the  present  invention.  In  this  embodiment  of 
the  present  invention,  a  switch  14  is  further  pro- 
vided  so  that  the  control  circuit  can  control  the 
thyristors  5  and  6  independently  of  each  other. 

55  Except  this  point,  the  embodiment  of  Fig.  2  is  the 
same  as  that  of  Fig.  1  .  Fig.  3  shows  waveforms  of 
the  currents  flowing  in  the  thyristors  5  and  6,  both 
of  which  are  pulsating  currents  as  shown  in  the 

3 
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/aveform  diagrams  (a)  and  (b)  respectively.  The 
harging  voltage  of  each  of  the  capacitors  2  to  4  is 
lcreased  as  the  charging  time  passes  and  at  last 
eaches  a  stationary  state,  that  is,  it  saturates,  so 
lat  the  peak  value  of  the  pulsating  current  flowing 
i  each  thyristor  becomes  smaller.  When  the  ca- 
lacitors  2  to  4  have  become  into  a  completely 
;aturated  and  the  thyristors  5  and  6  are  in  an 
solated  state,  the  current  flowing  in  each  of  the 
hyristors  5  and  6  is  very  slight,  and  the  method  of 
he  embodiment  shown  in  Fig.  1  suffices.  However, 
n  the  case  of  controlling  a  discharge  voltage,  it  is 
lecessary  to  isolate  or  open  one  of  the  thyristors  5 
md  6  in  accordance  with  the  charge  voltage  of  the 
:apacitor  before  the  capacitor  has  been  saturated, 
rhis  is  because,  there  is  a  possibility  that  a  current 
still  flows  in  one  of  the  thyristors  at  this  time.  That 
s,  if  each  capacitor  is  in  a  saturated  state  under 
he  condition  that  the  switch  8  is  opened,  the  state 
)f  each  capacitor  is  static  so  that  no  current  flows 
n  each  capacitor.  This  state  is  called  a  stationary 
state.  In  a  transient  state  till  reaching  this  stationary 
itate,  a  current  flows  in  each  capacitor,  so  that  a 
current  flows  in  each  of  the  thyristor  between  the 
capacitors.  If  the  thyristors  are  forcedly  opened  in 
his  condition  that  currents  are  flowing  the  thyris- 
ors,  there  is  a  possibility  that  the  thyristors  are 
broken.  In  this  embodiment,  switches  are  controlled 
;o  that  the  thyristors  5  and  6  are  put  in  an  isolated 
state  at  the  timing  when  the  current  flowing  in  one 
3f  the  thyristors  shown  in  Fig.  3  becomes  zero. 

This  control  is  performed  in  the  following  pro- 
cedure.  The  relationship  of  timing  of  the 
:pening/closing  operation  of  the  switches  8,  9  and 
14  is  similar  to  that  in  the  embodiment  of  Fig.  1. 
That  is,  the  capacitors  are  charged  under  the  con- 
dition  that  the  switch  8  is  opened,  the  switches  9 
and  14  are  closed,  and  at  the  timing  when  the 
current  flowing  in  the  thyristor  5  becomes  zero,  the 
switch  9  is  opened.  At  this  time,  the  switches  14 
and  8  are  left  closed  and  opened  respectively. 
Next,  at  the  timing  when  the  current  flowing  in  the 
thyristor  6  becomes  zero,  the  switch  14  is  opened. 
At  this  time,  both  the  switches  9  and  8  are  in  an 
opened  state.  At  the  next  timing,  the  switch  8  is 
closed  while  the  switches  9  and  14  are  left  opened, 
so  that  the  capacitors  are  discharged  to  the  load 
through  the  switch  8. 

In  order  to  detect  the  timings  when  the  cur- 
rents  of  the  thyristors  5  and  6  become  zero,  re- 
spectively,  current  detectors  30  and  30'  are  pro- 
vided  as  shown  in  Fig.  2  and  the  outputs  of  the 
detectors  are  connected  to  the  control  circuit  10  so 
as  to  effect  the  above-mentioned  control  operation. 
However,  these  timings  may  be  determined  based 
on  the  periodic  cycles  of  the  AC  power  supply  1  1  . 
Of  course,  the  circuit  of  Fig.  1  may  be  provided 
with  a  similar  current  detector,  an  output  of  which 

is  connectea  to  tne  control  circuit  iu  tor  coruruiwiy 
the  on-off  of  the  switches  8  and  9.  According  to 
this  embodiment,  even  in  the  midway  of  charging 
of  the  capacitors,  the  thyristors  5  and  6  can  be  put 

5  into  an  isolated  or  open  state  without  being  broken. 
Accordingly,  there  is  an  effect  that  a  discharge 
voltage  can  be  adjusted. 

Fig.  4  shows  an  application  of  the  electrical 
power  supply  to  a  flush  light  emitting  apparatus. 

o  This  embodiment  is  for  making  a  flush  lamp  emit 
light  by  use  of  the  electrical  power  supply  shown  in 
Fig.  2.  That  is,  a  low  voltage  of  the  primary-side  AC 
power  supply  1  1  is  boosted  by  an  insulating  trans- 
former  25,  and  further  boosted  and  rectified  by  the 

s  Cockcroft-Walton  circuit  1  the  same  as  shown  in 
Fig.  2.  The  control  circuit  10  is  connected  not  only 
to  the  switches  14  and  9  but  to  a  trigger  line  15  so 
as  to  apply  a  high  frequency  wave  onto  the  trigger 
line  15  at  the  same  timing  as  the  switch  8  of  Fig.  2 

>.o  is  closed.  At  this  time,  the  capacitors  3  and  4  are 
discharged  to  a  xenon  flush  lamp  16  so  as  to  make 
the  xenon  flush  lamp  16  emit  flush  light.  The  con- 
ventional  xenon  flush  lamp  light  emitting  power 
supply  has  a  problem  that  it  is  large  in  its  volume 

»5  and  weight  because  of  presence  of  the  charging 
capacitor  23  and  the  limiting  resistor  24,  and  has  a 
further  problem  that  its  power  loss  is  large.  Accord- 
ing  to  this  embodiment,  on  the  contrary,  such  a 
limiting  resistor  and  such  a  charging  capacitor  are 

jo  eliminated  and  the  above  problems  in  the  prior  art 
power  supply  are  solved. 

Fig.  5  is  a  sectional  side  view  of  a  flush  fusing 
apparatus  in  an  electrophotographic  apparatus 
such  as  a  printer,  a  copying  machine,  a  facsimile, 

35  etc.  employing  the  electrical  power  supply  accord- 
ing  to  the  present  invention.  An  electrical  power 
supply  18  and  a  xenon  flush  lamp  16  are  the  quite 
same  as  those  shown  in  Fig.  4.  According  to  the 
fusing  apparatus,  toner  20  is  deposited  as  a  picture 

40  image  onto  recording  paper  19  by  means  of  trans- 
fer  means,  and  then  the  recording  paper  19  and 
the  toner  20  are  irradiated  with  the  flush  light  of  the 
xenon  flush  lamp  16  so  that  the  toner  20  is  heated 
and  fused  so  as  to  be  fixed  on  the  recording  paper 

45  19.  According  to  this  embodiment,  since  the  elec- 
trical  power  supply  18  has  no  limiting  resistor  and 
no  charging  capacitor,  there  is  an  effect  that  it  is 
possible  to  obtain  a  flush  fusing  apparatus  which  is 
small  in  volume,  in  weight  and  in  power  loss..  

so  Fig.  6  shows  an  application  of  this  electrical 
power  supply,  as  a  non-contact  pre-heating  appara- 
tus,  to  an  electrophotographic  heat  roll  fusing  ap- 
paratus.  First,  for  the  better  understanding  of  this 
invention,  a  conventional  pre-heating  apparatus  will 

55  be  described  with  reference  to  Fig.  11.  In  Fig.  11,  a 
heat  roll  21  is  made  of  metal  and  has  a  releasing 
layer  of  Teflon  or  the  like  on  its  surface,  and  the 
surface  of  the  heat  roll  21  is  heated  to  a  tempera- 
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ture  within  a  range  of  from  160°  C  to  200  *C.  A 
backup  roll  22  is  made  of  resilient  material  such  as 
silicon  rubber  or  the  like,  and  disposed  so  as  to 
contact  with  the  heat  roll  21  to  make  a  pair  there- 
with  for  fusing  toner  20  on  a  recording  paper  19 
when  the  recording  paper  19  carrying  the  toner  20 
is  put  into  between  the  heat  roll  21  and  the  backup 
roll  22.  In  the  case  of  high  speed  printing,  enough 
fusing  cannot  be  performed  by  only  the  heat  roll 
21  ,  a  pre-heating  plate  25  is  provided.  The  surface 
temperature  of  the  pre-heating  plate  25  is  made  to 
be  within  a  range  of  from  80°  C  to  120°  C.  The  pre- 
heating  plate  25  is  disposed  just  before  the  heat 
roll  21  so  as  to  perform  heating  and  fusing  the 
recording  paper  19  from  the  back  thereof.  Re- 
cently,  however,  double-side  printing  has  begun  to 
be  performed  by  use  of  cut  sheet  paper.  The 
double-side  printing  means  printing  in  which  the 
transfer  and  fusing  process  is  carried  out  upon 
each  of  the  front  and  back  surfaces  of  one  and  the 
same  sheet  of  paper  in  a  recording  apparatus,  that 
is,  printing  is  performed  in  the  order  of  the  transfer 
and  fusing  operation  on  a  first  side,  and  next  after 
reversing  the  recording  paper,  the  transfer  and 
fusing  operation  is  performed  on  a  second  side  of 
the  same  recording  paper.  In  the  case  of  high 
speed  printing,  enough  fusing  cannot  be  performed 
by  only  the  heat  roll  21.  If  the  conventional  pre- 
heating  plate  25  is  used,  however,  the  toner  which 
has  been  fixed  on  the  back  side  of  the  recording 
paper  19  may  be  fused,  and  it  is  therefore  impos- 
sible  to  use  the  pre-heating  plate  25.  Although  pre- 
heating  by  use  of  a  xenon  flush  lamp  is  considered 
as  the  most  hopeful  method  to  solve  the  above 
problem,  this  method  has  not  been  put  into  prac- 
tical  use  yet  because  there  is  a  problem  that  an 
electrical  power  supply  for  the  lamp  is  large  in  size 
as  well  as  in  power  consumption. 

Fig.  6  is  a  sectional  side  view  of  the  flush  pre- 
heating  apparatus  according  to  the  present  inven- 
tion  which  can  solve  the  above  problem.  Just  be- 
fore  the  heat  roll  21,  the  toner  20  carried  on  the 
recording  paper  19  is  pre-heated  by  a  xenon  flush 
lamp  16  without  contact.  The  xenon  flush  lamp  16 
and  the  light  emitting  power  supply  18  therefor  in 
this  apparatus  are  the  same  as  those  provided  in 
the  circuit  shown  in  Fig.  5.  There  are  provided  no 
limiting  resistor  and  no  charging  capacitor  in  the 
power  supply  18,  and  the  power  supply  is  small  in 
volume,  in  weight  and  in  power  consumption.  In 
this  embodiment,  even  in  the  case  of  double-side 
printing,  it  is  possible  to  prevent  disorder  from 
occurring  in  a  printed  image  caused  by  re-fusing  of 
the  back-side  toner  since  non-contact  pre-heating 
is  performed  by  use  of  a  flush  lamp,  and  in  a 
recording  paper  transporting  apparatus,  there  is  no 
possibility  that  a  recording  side  is  soiled  by  refused 
toner.  Further,  there  is  an  effect  that  the  electrical 

power  supply  18  can  be  made  small  in  its  volume 
as  well  as  weight  and  can  be  made  low  in  its  power 
consumption. 

Fig.  7  is  a  sectional  side  view  of  an  elec- 
5  trophotographic  printer  using  the  flush  fusing  ap- 

paratus  shown  in  Fig.  5.  In  a  printing  station  26, 
toner  20  carried  on  recording  paper  19  as  a  toner 
image  corresponding  to  an  electrostatic  latent  im- 
age  is  fixed  by  the  flush  lamp  16.  There  are 

w  provided  no  limiting  resistor  and  no  charging  ca- 
pacitor  in  the  electrical  power  supply  18.  Therefore, 
the  printer  according  to  this  embodiment  is  small  in 
its  volume  and  weight  and  low  in  its  power  con- 
sumption.  Although  a  printer  is  illustrated  in  this 

75  embodiment,  the  same  effect  can  be  obtained  in 
any  recording  apparatus,  such  as  a  facsimile,  a 
copying  machine,  etc.,  so  long  as  the  apparatus 
uses  an  electrophotographic  process. 

Fig.  8  is  a  sectional  side  view  of  another  em- 
20  bodiment  of  the  flush  fusing  apparatus  and  pre- 

heating  apparatus  according  to  the  present  inven- 
tion,  the  configuration  of  the  flush  fusing  apparatus 
is  the  same  as  that  shown  in  the  embodiment  in 
Fig.  5  in  that  it  is  constituted  by  a  flush  lamp  16,  a 

25  reflecting  plate  17  and  an  electrical  power  supply 
18.  In  this  embodiment,  however,  the  required  pow- 
er  of  the  flush  fusing  apparatus  is  smaller  than  that 
in  the  embodiment  in  Fig.  5,  because  the  toner  20 
carried  on  recording  paper  reaches  the  flush  fusing 

30  apparatus  in  a  semifused  state  made  by  means  of 
a  heat  roll  pre-heating  apparatus.  According  to  this 
embodiment,  therefore,  the  power  consumption  of 
the  electrical  power  supply  18  is  smaller  and  its 
electrostatic  capacity  of  the  capacitors  is  also 

35  smaller,  there  is  an  effect  that  the  apparatus  can  be 
made  smaller  in  volume  as  well  as  in  weight. 

Fig.  9  is  a  circuit  diagram  illustrating  a  third 
embodiment  of  the  electrical  power  supply  accord- 
ing  to  the  present  invention.  Although  this  embodi- 

40  ment  is  constituted  by  a  two-stage  Cockcroft-Wal- 
ton  circuit  1,  the  control  timing  of  a  control  circuit 
10  is  the  same  as  that  in  the  embodiment  in  Fig.  1. 
Since  a  thyristor  5  is  disposed  on  the  ground  side 
of  the  first  stage  of  the  Cockcroft-Walton  circuit  1  , 

45  no  photo-coupler  is  necessary.  Although  a  current 
at  the  time  of  discharging  flows  in  a  diode  7,  a 
protector  resistor  29  protects  the  diode  7,  and 
there  is  no  possibility  that  the  diode  7  is  broken. 
According  to  this  embodiment,  there  is  an  effect 

so  that  it  is  possible  to  eliminate  a  photo-coupler  in 
the  control  signal  circuit  for  the  thyristor  5. 

This  embodiment  has  shown  the  case  where  a 
primary-side  low-voltage  AC  supply  is  insulated 
and  boosted  by  an  insulating  transformer  and  the 

55  ground  is  provided  on  the  secondary  side.  In  the 
case  where  the  ground  cannot  be  provided  be- 
cause  of  use  of  an  autotransformer  or  the  like,  this 
embodiment  can  be  applied  if  a  photo-coupler  is 

5 
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irovided  in  the  control  signal  circuit.  The  autotrans- 
Drmer  has  a  problem  that  it  cannot  be  grounded 
idependently,  while  it  has  an  advantage  in  that  it 
3  small  in  its  weight  and  volume  and  is  inexpen- 
;ive.  Accordingly,  this  embodiment  is  preferable  to 
ie  used  in  the  case  where  the  problem  in  the 
tutotransformer  is  to  be  solved  and  the  apparatus 
3  to  be  reduced  in  weight,  in  volume  as  well  as  in 
:ost. 

According  to  the  present  invention,  since  it  is 
>ossibie  to  eliminate  a  limiting  resistor  and  a 
iharging  capacitor  in  an  electrical  power  supply, 
here  is  an  effect  that  the  electrical  power  supply 
:an  be  reduced  in  volume,  in  weight  and  in  power 
oss. 

Claims 

1.  An  electrical  power  supply  for  converting  a 
jrimary-side  AC  low  voltage  (11)  into  a  load-side 
DC  high  voltage  so  that  the  DC  high  voltage  is 
momentarily  discharged  into  a  load  (12),  said  pow- 
3r  supply  comprising  at  least  one  closed  circuit 
ncluding  a  series  connection  of  a  first  rectifier 
slement  (5,  6),  a  capacitor  (2,  4)  and  a  second 
-ectifier  element  (7),  at  least  one  of  said  fist  and 
second  rectifier  elements  being  a  rectifying  control 
3lement  for  performing  control  as  to  whether  a 
-ectifying  operation  is  necessary  or  not. 

2.  An  electrical  power  supply  for  converting  a 
orimary-side  AC  low  voltage  (11)  into  a  load-side 
DC  high  voltage  so  that  the  DC  high  voltage  is 
momentarily  discharged  into  a  load  (12),  said  pow- 
er  supply  comprising  at  least  one  closed  circuit 
including  a  series  connection  of  a  first  rectifier 
slement  (5,  6),  a  capacitor  (2,  4)  and  a  second 
rectifier  element  (7),  at  least  one  of  said  first  and 
second  rectifier  elements  being  a  selected  one  of  a 
thyristor  and  a  transistor. 

3.  An  electrical  power  supply  for  converting  a 
primary-side  AC  low  voltage  into  a  load-side  DC 
high  voltage  by  use  of  a  Cockcroft-Walton  circuit 
(1)  so  that  the  DC  high  voltage  is  momentarily 
discharged  into  a  load  (12),  in  which  at  least  one  of 
rectifier  elements  constituting  said  Cockcroft-Wal- 
ton  circuit  is  a  selected  one  of  a  thyristor  and  a 
transistor. 

4.  An  electrical  power  supply  according  to 
Claim  3,  in  which  the  rectifier  elements  in  even- 
numbered  stages  of  said  Cockcroft-Walton  circuit 
are  constituted  by  thyristors  or  transistors. 

5.  An  electrical  power  supply  according  to 
Claim  3,  in  which  a  control  means  (10)  is  provided 
so  as  to  control  said  selected  one  of  a  thyristor  and 
a  transistor  to  be  in  an  isolated  state  in  a  period 
during  which  a  DC  current  from  said  Cockcroft- 
Walton  circuit  is  discharged  into  said  load. 

6.  An  electrical  power  supply  according  ia 
Claim  5,  in  which  said  control  means  (10)  changes 
over  the  state  of  said  selected  one  of  a  thyristor 
and  a  transistor  from  a  conductive  state  into  an 

5  isolated  state  when  a  current  flowing  in  said  se- 
lected  one  of  a  thyristor  and  a  transistor  is  substan- 
tially  zero. 

7.  An  electrophotographic  fusing  apparatus 
comprising  an  electrical  power  supply  as  defined  in 

o  Claim  3  and  a  xenon  flush  lamp  (16)  driven  by  said 
electrical  power  supply  (18),  whereby  fusing  is 
performed  by  use  of  said  xenon  flush  lamp  as  a 
flush  light  emitting  device. 

8.  An  electrophotographic  fusing  apparatus 
-s  comprising  a  heat  roll  fusing  apparatus  (21  ,  22)  and 

a  pre-heating  apparatus  (16),  in  which  a  heating 
means  of  said  pre-heating  is  constituted  as  a  non- 
contact  heating  source  by  use  of  a  xenon  flush 
lamp  (16)  driven  by  an  electrical  power  supply  (18) 

>o  as  defined  in  Claim  3. 
9.  A  recording  apparatus  comprising  a  fusing 

apparatus  as  defined  in  Claim  7. 
10.  An  electrophotographic  fusing  apparatus 

comprising  a  fusing  apparatus  as  defined  in  Claim 
25  7  and  a  pre-heating  apparatus. 

11.  An  electrical  power  supply  according  to 
Claim  5,  in  which  a  ground-side  rectifier  element  in 
said  Cockcroft-Walton  circuit  is  constituted  by  a 
selected  one  of  a  thyristor  and  a  transistor. 

30  12.  An  electrical  power  supply  according  to 
Claim  1  1  ,  in  which  a  selected  one  of  a  thyristor  and 
a  transistor  is  used  as  a  ground-side  rectifier  ele- 
ment  in  the  first  stage  of  said  Cockcroft-Walton 
circuit  for  double  boosting. 
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