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Engine  driven  generator. 

positive  and  negative  first  single-  phase  switching 
elements  are  subjected  to  successive  ON/OFF  con- 
trol  operation  while  one  pair  of  two-phase  switching 
elements  and  the  other  pair  of  two-phase  switching 
elements  are  alternated  for  each  half  of  the  time  and 
subjected  to  PWM  control  operation  so  that  output 
terminals  corresponding  to  the  two-phase  switching 
elements  are  short-circuited  with  each  other. 

@  An  engine  driven  generator  having  an  engine  (1), 
a  three-phase  sysnchronous  generator  (3)  to  be 
driven  by  the  engine  (1),  a  direct  current  power 
supply  (15)  for  actuating  the  engine  (1),  a  direct 
current/alternating  current  power  supply  converter 
(13)  for  converting  a  direct  current  power  of  the 
direct  current  power  supply  (15)  to  an  alternating 
current  power  and  supplying  the  alternating  current 
power  to  the  three-phase  synchronous  generator  (3): 

(1)  characterized  in  further  comprising  a  full- 
wave  rectifier  (11)  for  rectifying  an  output  of  the 

^three-phase  generator  (3)  and  supplying  the  thus 
rectified  output  to  the  direct  current/alternating  cur- 

<Nrent  power  converter  (13);  a  switching  unit  (12)  for 
TZ  switching  output  terminals  of  the  direct 

current/alternating  current  power  converter  (13)  to 
00  terminals  of  an  outer  device  or  output  terminals  of 
S2the  synchmous  generator  (3);  a  rotor  position  detec- 

tor  (10)  for  detecting  a  position  of  rotor  of  the  syn- 
"chronous  generator  (3);  and 
Q.  (2)  characterized  in  that  during  the  period 
UJwhen  the  three-phase  synchronous  generator  (3) 

performs  the  power  generating  operation  after  com- 
pleting  the  actuation  of  the  engine  (1),  a  pair  of 
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ENGINE  DRIVEN  GENERATOR 

The  present  invention  relates  to  an  engine 
driven  generator  having  a  synchronous  generator  to 
be  used  as  an  engine  starter  when  the  engine  is 
actuated. 

A  prior  art  generator  of  this  type  having  more 
than  middle  capacity  (private  generator)  will  be 
described  with  reference  to  Figs.  16(a)  and  16(b). 

The  generator  comprises  an  engine  1  ,  a  starter 
(actuation  generator)  2,  a  generator  (three-phase 
synchornous  generator)  3,  a  power  converter  4,  a 
starter  power  supply  (battery)  5,  an  actuation 
switch  6,  a  transmission  unit  7  composed  of  a 
pulley  1G  attached  to  a  shaft  of  the  engine  1,  a 
pulley  2G  attached  to  a  shaft  of  the  starter  2,  a 
pulley  3G  attached  to  a  shaft  of  the  generator  3, 
and  a  belt  8  entrained  around  the  pulleys  1G,  2G, 
3G. 

Actuation  or  starting  of  the  generator  is  carried 
out  in  the  manner  that  firstly  the  switch  6  is  turned 
on  for  supplying  a  power  from  the  power  supply  5 
to  drive  the  starter  2,  secondly,  a  turning  effect  of 
the  starter  2  is  transmitted  to  the  engine  1  via  the 
transmission  unit  7  for  thereby  starting  the  engine 
1  which  results  in  simultaneously  starting  the  gen- 
erator  3,  thirdly  a  speed  of  rotation  N  of  the  gener- 
ator  3  is  increased  to  reach  a  speed  of  rotation  No 
where  a  predetermined  value  ot  alternating  voltage 
can  be  issued  from  the  power  converter  4  whereby 
the  actuation  is  completed,  fourthly,  an  alternating 
current  power  having  a  predermined  voltage  with  a 
predetermined  frequency  can  be  supplied  to  a  load 
not  shown).  The  power  converter  4  comprises  a 
main  circuit  having  switching  elements  composed 
of  a  piuality  of  transistors  formed  in  bridge  connec- 
tion  and  a  control  circuit  having  a  drive  unit  for 
supplying  an  ON-OFF  signal  to  the  main  circuit  for 
effecting  inverting  operation.  The  power  generated 
by  the  generator  3  is  stably  converted  to  an  al- 
ternating  current  power  having  a  predetermined 
voltage  value  and  predetermined  frequency.  After 
the  starting  operation  of  the  engine  1  lias  been 
completed  the  switch  6  is  released. 

Inasmuch  as  the  prior  art  generator,  as  de- 
scribed  above,  requires  the  starter  used  exclusively 
for  starting  or  actuating  the  engine,  there  causes 
such  a  problem  that  the  generator  unit  is  large 
sized,  complex.  At  the  same  time,  there  is  a  prob- 
lem  of  deterioration  of  reliability  and  maintenance 
of  the  generator  unit  caused  by  the  trouble  of  the 
starter. 

It  is  a  first  object  of  the  present  invention  to 
provide  an  engine  driven  generator  having  no  ex- 
clusive  starter. 

It  is  a  second  object  of  the  present  invention  to 
provide  an  engine  driven  generator  having  a  simple 

and  compact  control  structure  with  easy  mainten- 
ance. 

It  is  a  third  object  of  the  present  invention  to 
provide  an  engine  driven  generator  having  a  control 

5  system  capable  of  employing  a  three-phase  gener- 
ator  as  a  high  economical  single-phase  generator. 

To  achive  the  above  objects,  the  engine  driven 
generator  having  an  engine,  a  three-phase  sysnch- 
ronous  generator  to  be  driven  by  the  engine,  a 

io  direct  current  power  supply  for  actuating  the  en- 
gine,  a  direct  current/alternating  current  power  sup- 
ply  converter  for  converting  a  direct  current  power 
of  the  direct  current  power  supply  to  an  alternating 
current  power  and  supplying  the  alternating  current 

15  power  to  the  three-phase  synchronous  generator: 
(1)  characterized  in  further  comprising  a  full-wave 
rectifier  for  rectifying  an  output  of  the  three-phase 
generator  and  supplying  the  thus  rectified  output  to 
the  direct  current/alternating  current  power  con- 

20  verter;  a  switching  unit  for  switching  output  termi- 
nals  of  the  direct  current/alternating  current  power 
converter  to  terminals  of  an  outer  device  or  output 
terminals  of  the  synchrnous  generator;  a  rotor  posi- 
tion  detector  for  detecting  a  position  of  rotor  of  the 

25  synchronous  generator;  and  (2)  characterized  in 
that  during  the  period  when  the  three-phase  syn- 
chronous  generator  (3)  performs  the  power  gen- 
erating  operation  after  completing  the  actuation  of 
the  engine  (1),  a  pair  of  positive  and  negative  first 

30  single-phase  switching  elements  are  subjected  to 
successive  ON/OFF  control  operation  while  one 
pair  of  two-phase  switching  elements  and  the  other 
pair  of  two-phase  switching  elements  are  alternated 
for  each  half  of  the  time  and  subjected  to  PWM 

35  control  operation  so  that  output  terminals  corre- 
sponding  to  the  two-phase  switching  elements  are 
short-circuited  with  each  other. 

The  above  and  other  objects,  features  and  ad- 
vantages  of  the  present  invention  will  become  more 

40  apparent  from  the  following  description  taken  in 
conjunction  with  the  accompanying  drawing. 

Fig.  1  is  a  circuit  diagram  of  an  engine 
driven  generator  according  to  a  first  embodiment  of 
the  present  invention; 

45  Fig.  2  is  a  control  circuit  in  the  circuit  dia- 
gram  of  Fig.  1  ; 

Fig.  3  is  a  control  power  supply  in  the  con- 
trol  circuit  of  Fig.  2; 

Fig.  4  is  a  circuit  diagram  illustrating  starting 
50  completion  detector  in  the  control  circuit  of  Fig.  2; 

Fig.  5  is  a  block  diagram  showing  a  second 
drive  unit  in  the  control  circuit  of  Fig.  2; 

Fig.  6  is  a  voltatge  waveform  appeared  in 
output  terminals  of  an  inverter  circuit  in  the  circuit 
diagram  of  Fig.  1  ; 
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contacts  Sbv,  Sbu  connected  to  the  output  termi- 
nals  of  the  main  circuit  of  the  inverter  13  composed 
of  six  switching  elements  Tr  and  Diodes  D2  con- 
nected  in  parallel  and  opposite  polarity  with  the 

5  switching  elements  Tr,  a  capacitor  14  interposed 
between  the  P-N  terminals  of  direct  current  sides,  a 
direct  current  power  supply  15  (battery  Ba)  con- 
nected  between  the  direct  current  terminals  P,  N  of 
the  main  cuicuit  of  the  inverter  13  via  a  diaode  16 

w  for  preventing  the  current  from  flowing  back 
(hereafter  referred  to  as  backflow  prevention 
diaode),  an  actuation  manual  switch  17  connecting 
to  the  direct  current  power  supply  15  at  an  end  and 
a  control  circuit  19  (described  later)  at  the  other 

75  end,  the  control  circuit  19  for  controlling  the  main 
circuit  of  the  inverter  13  for  receiving  output  vol- 
tages  u,  v,  w  of  the  main  circuit  of  the  inverter  13 
and  output  voltage  E  of  the  direct  current  power 
supply  15  as  well  as  a  detection  signal  a(au,  av, 

20  ow)  for  earring  out  a  function  described  later. 
The  rotor  position  detector  10  can  be  substi- 

tuted  by  that  of  operation  fixed  type  capable  of 
obviating  a  shaft  connection  with  the  generator  3 
for  integrating  the  output  voltage  of  the  generator  3 

25  to  detect  the  magnetic  pole  position. 
The  switch  12A  connect  or  disconnect  the  out- 

put  terminals  u,  v  of  the  main  circuit  of  the  inverter 
13  to  or  from  output  terminals  of  loads  (not  shown) 
while  the  contacts  Saw  connect  or  disconnect  the 

30  output  terminal  v  to  or  from  the  output  terminal  w, 
and  the  conatct  Sbu,  Sbv  connect  or  disconnect 
the  output  terminals  u,  v  to  or  from  input  terminals 
corresponding  thereto  of  the  full-wave  rectifier  11. 
The  output  terminal  w  and  an  input  teminal  cor- 

35  responding  thereto  of  the  full-wave  rectifier  11  are 
directly  connected  with  each  other. 

The  six  switchig  elements  Tr  of  the  main  circuit 
of  the  inverter  13  have  for  example,  U-phase  tran- 
sistors  Tpu,  tNii,  V-phase  transistor  TPV,  TNV,  and  W- 

40  phase  transistors  TPW,  TNW.  The  output  terminals  u, 
v,  of  the  main  circuit  of  the  inverter  13  are  con- 
nected  with  output  terminals  of  the  outer  device  via 
the  switch  12A  of  the  switching  unit  12  while  con- 
nected  to  the  full-wave  rectrifier  11  via  the  switch 

45  12B  of  the  switching  unit  12. 
The  control  circuit  19  comprises  a  control  pow- 

er  supply  20  for  receving  a  power  of  the  direct 
current  power  supply  15  and  produces  a  direct 
current  power  for  control,  an  actuation  completion 

50  detector  21  for  receiving  the  output  a  of  the  rotor 
position  detector  10  for  producing  and  supplying  a 
switching  signal  S  to  the  switching  unit  12,  a  first 
drive  unit  22B  for  receiving  the  output  a  of  the  rotor 
position  detector  10  in  the  case  where  the  switch- 

55  ing  signal  S  is  not  supplied  for  detecting  the  rela- 
tive  position  between  the  magnetic  pole  and  the 
armature  of  the  generator  3  and  producing  drive 
signal  iB  and  supplying  the  drive  signal  IB  to  the 

Fig.  7  is  a  time  chart  of  operation  of  U-W 
phase  transistors; 

Fig.  8  is  a  circuit  diagram  of  an  engine 
driven  generator  according  to  a  second  embodi- 
ment  of  the  present  invention; 

Fig.  9  is  a  view  showing  an  operation  char- 
acteristic  of  a  chopper  circuit  according  to  the 
circuit  diagram  of  Fig.  8; 

Fig.  10  is  a  circuit  diagram  of  an  engine 
driven  generator  according  to  a  third  embodiment 
of  the  present  invention; 

Fig.  1  1  is  a  view  showing  an  operation  char- 
acteristic  of  a  chopper  circuit  according  to  the 
circuit  diagram  of  Fig.  10; 

Fig.  12  is  a  circuit  diagram  of  an  engine 
driven  generator  according  to  a  fourth  embodiment 
of  the  present  invention; 

Fig.  13  is  a  circuit  diagram  of  an  engine 
driven  generator  according  to  a  fifth  embodiment  of 
the  present  invention; 

Fig.  14  is  a  block  diagram  showing  a  control 
circuit  in  the  circuit  diagram  of  Fig.  12; 

Fig.  15  is  a  block  diagram  showing  a  second 
drive  unit  in  the  control  circuit  of  Fig.  13; 

Fig.  16(a)  is  a  block  diagram  of  a  prior  art 
genertor;  and 

Fig.  16(b)  is  a  view  of  assistance  in  explain- 
ing  a  transmission  mechanism  in  the  block  diagram 
of  Fig.  16(a). 

First  Embodiment  (Figs.  1_  to  7) 

The  first  embodiment  of  the  engine  driven  gen- 
erator  has  an  arrangement  capable  of  producing  a 
single-phase  alternating  current  with  use  of  the 
three-phase  synchronous  generator. 

The  engine  driven  generator  of  the  first  em- 
bodiment  comprises  an  engine  1,  a  generator  3 
(three-phase  synchronous  generator)  connected  to 
the  engine  1  by  a  shaft,  a  rotor  position  detector  10 
composed  of  for  example,  magnetic  resistance  ele- 
ment  or  a  proximity  switch  of  a  search  coil,  having 
a  characteristic  to  detect  at  least  120  magnetic 
pole  electrical  angle,  and  connected  to  the  gener- 
ator  3  by  a  shaft,  a  full-wave  three-phase  rectifier 
11  composed  of  six  diodes  D1  made  in  bridge 
connection  and  having  a  rectified  output  to  be 
supplied  to  a  main  circuit  of  a  direct 
current/alternating  current  power  converter  13 
(voltage  inverter  to  be  controlled  by  three-phase 
PWM  control,  hence  hereafter  referred  to  simply  as 
inverter)  and  input  terminals  of  the  rectifier  1  1  each 
connected  to  free  ends  of  three  wirings  3u,  3v,  3w 
of  armatures  of  the  genertaor  3,  a  switching  unit  12 
having  a  switch  12A  and  a  switch  12B  composed 
of  normally  open  contact  Saw,  normally  closed 
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transistors  Tr  of  the  main  circuit  of  the  inverter  13, 
and  a  second  drive  unit  22A  for  controlling  the 
output  voltage  of  the  main  circuit  of  the  inverter  13 
by  feedbacking  the  output  voltages  U,  V,  W  of  the 
main  circuit  of  the  inverter  13  at  the  time  when  the 
actuation  completion  detector  21  produces  the 
switching  signal  S. 

The  control  power  supply  20  comprises  a  ca- 
pacitance  C,  a  voltage  stabilizing  elements  Z1,  Z2 
respectively  connected  with  each  other  and  with 
the  capacitance  C,  and  a  rectifier  D3  connected  to 
the  voltage  stabilizing  element  Z2  as  illustrated  in 
Fig.  3.  The  rotor  position  detector  10  receives  a 
power  from  the  control  powe  supply  20.  The  ac- 
tuation  completion  detector  21  comprises  a  pulse 
generator  PG  for  generating  six-times  pulse  on  the 
basis  of  the  output  of  the  rotor  position  detector  10, 
a  frequency/voltage  converter  (F/V  converter)  for 
generating  voltage  proportional  to  the  speed  of 
rotation  of  the  generator  3,  and  a  comparator  CP 
for  comparing  the  output  vn  of  the  F/V  converter 
with  a  predetermined  level  vno  (a  value  corre- 
sponding  to  the  speed  of  rotation  No)  and  detecting 
the  switching  signal  S  in  the  case  where  the  output 
vn  is  greater  than  the  predetermined  level  vno  at 
the  result  of  the  comparison  as  illustrated  in  Fig.  4. 

The  second  drive  unit  22A  has  a  signal  gener- 
ator  23  for  receiving  the  three-phase  output  of  the 
main  circuit  of  the  inverter  13  and  producing  a 
signal  SIN  which  is  a  rectified  voltage  of  a  basic 
wave  (sine  wave)  and  has  a  positive  maximum  and 
a  negative  maximum  successively  alternating  each 
half  cycle  and  a  square  wave  signal  REC  (H/L 
signal  having  a  basic  freqency)  which  is  sinch- 
ronous  with  the  positive  and  negative  waves  of  the 
signal  SIN  and  becomes  H-level  each  half  cycle  of 
the  signal  SIN  as  illustrated  in  Fig.  5.  A  comparator 
24  receives  the  signal  SIN  (modulation  wave)  and  a 
triangular  wave  signal  (transmission  signal)  pro- 
duced  by  a  triangular  wave  generator  and  com- 
pares  them  and  produces  a  PWM  signal. 

Switching  unit  26  as  shown  in  Figs.  2  and  5 
comprises  U-phase  switch  26u,  V-phase  switch  26v 
and  W-phase  switch  26w.  The  switches  26u,  26v, 
26w  connect  the  output  of  the  first  drive  unit  22B  to 
the  U-phase  driver  27u,  the  V-phase  driver  27v  and 
the  W-phase  driver  27w  respectively  of  the  drive 
unit  27  until  the  switching  signal  S  is  produced. 
Upon  production  of  the  switching  signal  S,  the  H/L 
(REC)  signal  is  supplied  to  the  U-phase  driver  27u 
via  the  U-phase  switch  26u  so  as  to  issue  signals 
of  PU,  NU  while  the  PWM  signal  is  supplied  to  the 
V-phase  driver  27v  and  the  W-phase  driver  27w  via 
the  V-phase  switch  26v  and  the  W-phase  switch 
26w  so  as  to  issue  signals  PV,  NV  and  signals  PW, 
NW.  The  signals  PU,  NU;  PV,  NV;  PW,  NW  re- 
spectively  constitute  the  drive  signal  IB.  The  U- 
phase  driver  27u,  the  V-phase  driver  27v  and  the 

W-phase  driver  27W  respectively  receive  the  H/L 
signal  as  ON/OFF  signal  so  that  each  driver  does 
not  issue  any  signal  in  the  case  where  the  H/L 
signal  is  at  an  L  level. 

5  The  waveforms  showing  voltages  Vu,  Vv,  Vw 
(potentials  at  imaginary  neutral  point  corresponding 
to  a  middle  point  of  the  serially  connected  resistors 
R1,  R2  as  shown  in  a  broken  line  in  Fig.  1)  of  the 
output  terminals  of  the  main  circuit  of  the  inverter 

w  13  are  illustrated  in  Fig.  6  in  the  case  where  the 
contact  Saw  of  the  switch  1  2A  is  closed  while  each 
of  the  switches  26u,  26v,  26w  of  the  signal  switch- 
ing  unit  26  is  switched  to  the  side  of  the  first  drive 
unit  22B.  A  waveform  as  denoted  at  Vu-V  (  =  Vu-W) 

75  is  the  one  at  the  maximum  output  of  the  line-to-line 
voltage  between  the  outputs  v,  w  are  short-cir- 
cuited.  Designated  at  E  is  an  input  voltage  of  the 
main  circuit  13  of  the  inverter  13  and  the  hatched 
portion  shows  high  impedenace  state. 

20  With  the  arrangement  of  the  engine  driven  gen- 
erator,  an  operation  of  the  engine  driven  generator 
will  be  described  herewith. 

First,  the  switching  unit  12A  and  the  contact 
Saw  of  the  switch  12B  are  open  while  the  contacts 

25  Sbu,  Sbv  of  the  switch  12B  are  closed  so  that 
output  terminals  u,  v,  w  of  the  main  circuit  of  the 
inverter  13  are  connected  to  the  armature  windings 
3u,  3v,  3w  of  the  generator  3.  The  actuation  switch 
17  is  turned  on  to  supply  the  direct  current  power 

30  15  to  the  main  circuit  of  the  inverter  13  while  the 
main  circuit  of  the  inverter  13  receives  a  base 
signal  IB  supplied  from  the  driver  27u,  27v,  27w  on 
the  basis  of  the  signal  produced  by  the  first  drive 
unit  22B  and  is  actuated.  The  main  circuit  of  the 

35  inverter  13  converts  the  direct  current  power  of  the 
direct  current  power  source  15  to  the  three-phase 
alternating  current  voltages  U,  V,  W  having  fre- 
quencies  in  synchronism  with  the  speed  of  rotation 
N  of  the  generator  3  and  supplies  it  to  the  gener- 

40  ator  3  whereby  the  generator  3  effects  motor  driv- 
ing  operation  to  actuate  the  engine  1.  That  is,  the 
rotor  position  detector  10  and  the  main  circuit  of 
the  inverter  13  correspond  respectively  to  a  brush 
and  a  commutator  of  DC  motor  and  the  generator  3 

45  effects  the  motor  driving  operation  to  actuate  the 
engine  1  as  a  starter. 

The  speed  of  rotation  N  of  the  genertor  3  is 
increased  with  the  lapse  of  time  after  actuation  of 
the  engine  1  and  reaches  the  predetermined  speed 

so  No.  At  that  time,  the  engine  1  completes  the  ac- 
tuation  thereof  and  the  actuation  completion  detec- 
tor  21  of  the  control  circuit  1  9  issues  the  switching 
signal  S  so  that  the  switch  12A  and  the  contact 
Saw  of  thd  switch  12B  are  closed  while  the  con- 

55  tacts  Sbu,  Sbv  of  the  switch  12B  are  open  whereby 
the  output  terminals  u,  v  are  short-circuited  and 
connected  to  the  terminals  (loads)  of  the  outer 
device.  At  the  same  time  the  signal  switching  unit 
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:  V-phase  :  W-phase  =  1 : 1 : 1 .  
Hence,  according  to  the  present  embodiment, 

assuming  that  the  capacity  of  the  main  circuit  of 
the  inverter  13  is  same,  compared  with  the  case 

5  where  the  transistor  corresponding  to  one-phase 
rests,  for  example,  in  the  case  where  the  W-phase 
transistors  TPW,  TNW,  rest  completely,  it  is  possible 
to  supply  a  single-phase  alternating  current  having 
output  of  two  times.  On  the  other  hand,  assuming 

70  that  the  output  value  of  the  single-  phase  alternat- 
ing  current  is  same,  for  example,  compared  with 
the  case  where  the  W-phase  transistors  TPW,  TNW 
rest  completely  the  capacity  of  the  main  circuit  of 
the  inverter  13  will  be  reduced  to  half  which  results 

75  in  allowing  the  device  to  be  small  sized. 
According  to  the  present  embodiment,  although 

the  ON/OFF  timing  of  the  U-phase  transistors  TPU, 
TNU  is  synchronous  with  the  operation  switching 
timing  of  the  transistors  TPV,  TNV  and  the  transistors 

20  Tpw,  TNW  the  operations  of  the  V-phase  transistors 
TpV,  TNV  and  the  W-phase  transistors  TPW,  TNW  may 
be  shifted  relative  to  the  operations  of  U-phase 
transistors  TPU,  TNU,  as  shown  in  Fig.  7. 

Furthermore,  according  to  the  present  embodi- 
25  ment  the  operations  of  V-phase  transistors  TPV,  TNVl 

and  the  U-phase  transistors  TPU,  TNU  are  alternated 
with  phase  angle  of  180°  radian,  but  they  ̂ may  be 
alternated  with  phase  angles  of  45°,  90°,  120° 
radians  which  have  same  effect  as  that  of  the 

30  phase  angle  of  180°  radian.  Hence,  V-phase  tran- 
sistors  TpV,  TNV  and  the  W-phase  transistors  TPW, 
TNw  may  be  alternately  operated  with  substantially 
50  percent  of  time  sharing. 

The  backflow  prevention  diode  16  is  provided 
35  for  preventing  the  current  from  flowing  back  since 

the  voltage  of  the  capacitor  14  is  automatically 
greater  than  that  of  the  direct  current  power  supply 
15  after  the  actuation  of  the  engine  1. 

26  is  switched. 
With  the  series  of  operations  set  forth  above, 

the  generator  3  starts  to  effect  power  generation 
operation.  The  voltage  generated  by  the  generator 
3  is  converted  to  direct  current  by  the  full-wave 
rectifier  11  and  smoothed  by  the  capacitor  14,  the 
smoothed  direct  current  power  is  supplied  to  the 
main  circuit  of  the  inverter  13.  The  main  circuit  of 
the  inverter  13  effects  inverting  operation  on  the 
reception  of  the  base  drive  signal  IB  supplied  by 
the  U-phase  driver  27u,  V-phase  driver  27v,  W- 
phase  driver  27w  on  the  basis  of  the  signal  pro- 
duced  by  the  second  drive  unit  22A,  namely,  by 
the  H/L  signal  and  the  PWM  signal.  Since  the  U- 
phase  driver  27u  receives  the  H/L  scignal  the  tran- 
sistors  TPU,  TNU  are  turned  on  or  off  in  synchronism 
with  the  H/L  signal  while  the  transistors  TPV,  TNV 
effect  PWM  operation  during  the  period  of  H-level 
of  the  H/L  signal  and  rest  at  the  other  half  cycle, 
and  the  transistors  TPW,  TNW  effect  PWM  operation 
during  the  period  of  L-level  of  the  H/L  signal  and 
rest  at  the  other  half  cycle.  That  is,  a  pair  of  the 
transistors  TPV,  TNV  and  a  pair  of  the  transistors  TPW 
and  TNW  are  alternately  driven  each  half  cycle  of 
the  basic  wave  with  time  sharing. 

A  transistor  dissipation  is  classfied  generally  to 
a  normal  dissipation  L1  at  an  on-state  and  a  tran- 
sient  dissipation  (switching  dissipation)  L2  at  the 
time  of  switching.  During  the  PWM  operation  at 
several  KHz  the  normal  dissipation  L1  and  the 
transisent  dissipation  L2  are  in  the  ratio  of  1:1. 
During  the  operation  at  a  low  frequency  (at  the  time 
of  operation  of  the  U-phase  transistors  TPU,  TPU) 
the  normal  dissipation  L1  occupies  substnatially 
100  %  of  the  whole  dissipation. 

Assuming  that  the  noraml  dissipation  L1  is  1, 
the  dissipation  L  of  the  V-phase  transistors  TPV,  YNV 
and  the  W-phase  transistors  TPw,  TNW  will  be 
L  =  ((L1  =1)  +  (L2  =  1))  x  operation  hour  0.5  =  1 
which  is  same  as  the  dissipation  of  the  U-phase 
transistors  TPU,  TNU. 

Assuming  that  no  alternate  time  sharing  opera- 
tion  is  carried  out  to  rest  the  transistors  TPW,  TMW 
completely  while  U-phase  transistors  TPU,  TNu  are 
driven  by  H/L  signal  and  the  V  -phase  transistors 
TPV,  YNV  are  successively  subjected  to  the  PWM 
operation,  the  dissipation  of  V-phase  transistors 
TPV,  YNV  will  be 
L  =  ((L1  =1)  +  (L2  =  1))  x  operation  hour  1  =  2 
which  shows  that  the  dissipation  is  two  times  of  the 
present  embodiment.  Provided  that  the  capacity  of 
the  transistors  is  same  and  assuming  that  the  dis- 
sipation  equals  to  ratio  of  load,  then  the  relationship 
between  three-phases,  namely,  U-phase  :  V-phase 
:  W-phase  =  1  :  2  :  0.  As  a  result,  a  sharing  of 
each  phase  transistor  is  not  balanced  while  the 
relationship  between  three-phases  according  to  the 
present  embodiment  is  balanced,  namely,  U-phase 

40 
Second  Embodiment  (Figs.  8  and  9) 

An  engine  driven  generator  according  to  the 
second  embodiment  of  the  present  invention  will 

45  described  with  referrence  to  Figs.  8  and  9. 
The  engine  driven  generator  comprises  a  chop- 

per  circuit  30  for  increasing  the  voltage  of  the 
direct  current  power  supply  15  to  be  supplied  to 
the  main  circuit  of  the  inverter  3  in  addition  to  the 

so  elements  same  as  those  of  the  first  embodiment. 
The  chopper  circuit  30  has  a  chopper  31  ,  a  reactor 
32,  and  a  chopper  controller  (not  shown)  provided 
at  the  control  circuit  19  for  controlling  the  ON/OFF 
period  where  the  direct  current  obtained  by  rec- 

55  tification  of  the  output  voltage  of  the  main  circuit  of 
the  inverter  13  is  supplied  to  the  chopper  31  as  a 
feedback  signal.  The  chopper  circuit  30  has  an 
operation  characteristic  as  illustrated  in  Fig.  9.  In 
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Fig.  9  designated  at  Eo  is  the  voltage  of  the  direct 
current  power  supply  15,  Ec  is  the  voltage  of  the 
capacitor  14. 

bodiment  has  the  signal  switching  unit  26  having 
contacts  but  having  gate  logic  switch  actually 
mounted  instead  of  contacts. 

The  control  circuit  19  is  illustrated  as  analog 
5  structure  but  may  be  digital  structure.  The  opera- 

tion  of  the  main  circuit  of  the  inverter  13  can  be 
executed  by  a  software.  The  control  system  in 
each  embodiment  can  be  employed  to  an  engine 
driven  generator  having  a  main  circuit  other  than 

10  the  main  circuit  of  the  inverter  13. 

Third  Embodiment  (Figs.  10  and  11) 

An  engine  driven  generator  according  to  the 
second  embodiment  of  the  present  invention  will 
described  with  referrence  to  Figs.  1  0  and  1  1  . 

In  the  chopper  circuit  30  for  increasing  the 
voltage  inasmuch  as  the  input  voltage  of  the  main 
circuit  of  the  inverter  13  cannot  be  decreased  un- 
der  the  voltage  value  of  the  direct  current  power 
supply  15  as  illustrated  in  Fig.  9,  the  speed  of 
rotation  of  the  generator  3  is  small  when  the  gener- 
ator  3  is  just  actuated  so  that  an  excessive  current 
will  flow  through  the  main  circuit  of  the  inverter  13 
when  the  speed  induction  voltage  is  low.  To  pre- 
vent  the  flowing  of  the  excessive  current,  the  chop- 
per  circuit  30A  for  increasing  the  voltage  may  be 
provided  as  illustrated  in  Fig.  10.  The  chopper 
circuit  30A  comprises  a  chopper  31  A  (a  transistor 
in  this  embodiment),  reactor  32A,  and  a  chopper 
controller  (not  shown)  provided  at  the  control  circuit 
19  for  controlling  the  0  N/OFF  period  where  the 
direct  current  obtained  by  rectification  of  the  output 
voltage  of  the  main  circuit  of  the  inverter  13  is 
supplied  to  the  chopper  31  A  as  a  feedback  signal. 
The  chopper  circuit  30A  decreases  the  voltage 
provided  that  the  0  N  period  of  the  transistor  31  is 
shortened,  while  the  chopper  circuit  30A  increases 
the  voltage  provided  that  the  ON  period  of  the 
transistor  31  is  prolonged.  An  operation  character- 
istic  of  the  chopper  circuit  30A  for  increasing  and 
decreasing  the  voltage  is  illustrated  in  Fig.  11, 
designated  at  Eo  is  the  voltage  of  the  direct  current 
power  supply  15,  Ec  is  the  voltage  of  the  capacitor 
14. 

Fifth  Embodiment  (FIG.  13  to  14) 

75  The  generator  3  employed  in  the  first  embodi- 
ment  is  the  three-phase  synchronous  generator 
and  the  main  circuit  of  the  inverter  13  is  the  three- 
phase  inverter.  However,  the  engine  driven  gener- 
ator  according  to  the  fifth  embodiment  of  the 

20  present  invention  can  be  used  as  the  three-phase 
generator  by  changing  the  control  system. 

When  using  as  the  three-phase  generator,  the 
switching  unit  12  of  the  first  embodiment  may  be 
substituted  by  the  three-phase  switching  unit  as 

25  illustrated  in  Fig.  13  while  the  second  drive  unit 
22A  of  the  first  embodiment  may  be  substituted  by 
a  second  drive  unit  22C  for  producing  a  PMW 
signal  for  supplying  to  a  U-phase  driver  27u,  V- 
phase  driver  27v,  W-phase  driver  27w  respectively 

30  of  a  driver  unit  27.  The  contact  12A  of  the  switch- 
ing  unit  12  has  three  normally  open  contacts  Sau, 
Sav,  Saw  while  the  contact  12B  has  three  normally 
closed  contacts  Sbu,  Sbv,  Sbw.  Designated  at  23u, 
23v,  23w  are  respectively  signal  generators  shifted 

35  for  120°  in  phase  angle  24a,  24b,  24c  are  respec- 
tively  comparators  and  25  is  a  triangular  wave 
generator.  Designted  at  18  is  a  trasformer  for  feed- 
backing  the  output  voltages  U,  V,  W  of  the  output 
terminals  u,  v,  w  to  the  control  circuit  19. 

40  With  the  arrangement  of  the  engine  driven  gen- 
erator  accoring  to  the  fourth  embodimen  of  the 
present  invention,  the  rotor  position  detector  10 
and  the  main  circuit  of  the  inverter  13  operate 
corresponding  to  the  brush  and  the  armature  of  the 

45  direct  current  motor  while  three-phase  synchronous 
generator  3  carries  out  the  motor  driving  operation 
to  actuate  the  engine  1.  Actual  completion  of  the 
actuation  of  the  engine  1,  the  synchronous  gener- 
ator  3  carries  out  a  generating  operation  and  the 

so  alternating  current  output  is  converted  by  the  main 
circuit  of  the  inverter  13  to  a  stable  three-phase 
alternating  current  power  having  a  predetermined 
voltage  with  a  predetermined  frequency. 

As  is  evident  from  the  explanation,  the  engine 
55  driven  generator  according  to  th'e  first  to  the  fourth 

embodiments,  a  mere  change  of  the  switching  unit 
12  as  well  as  change  of  the  second  drive  unit  of 
the  control  circuit  19  to  thereby  change  the  control 

Fourth  Embodiment  (FIG.  12) 

An  engine  driven  generator  according  to  a  third 
embodiment  of  the  present  invention  will  be  de- 
scribed  to  with  referrence  to  Fig.  12. 

The  engine  driven  generator  of  the  third  em- 
bodiment  is  different  from  that  of  the  second  em- 
bodiment  as  illustrated  in  Fig.  8  in  respect  that  the 
element  33  for  charging  the  battery  (a  transistor  in 
this  embodiment).  A  charging  controller  is  provided 
at  the  control  circuit  19  (not  shown)  for  controlling 
the  transistor  33  to  thereby  supplying  an  ON  signal 
from  the  charging  controller  at  the  time  when  the 
switching  signal  S  is  issued.  There  is  provided  a 
backflow  prevention  diode  D4.  The  charging  means 
or  elements  can  be  employed  in  the  engine  driven 
generator  of  the  second  embodiment.  Each  em- 
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a  synchronous  generator  (3)  having  a  rotor  and 
coupled  to  a  shaft  of  the  engine  (1); 
a  rotor  position  detector  for  detecting  the  position 
of  the  rotor  of  the  synchronous  generator  (3); 

5  a  full-wave  rectifier  (11)  connected  to  output  of  the 
synchronus  generator  (3)  for  rectifying  an  alternat- 
ing  current  wave  of  the  output  thereof; 
a  main  circuit  of  a  direct  current/alternating  current 
power  converter  (13)  (hereafter  referred  to  as  in- 

10  verier)  having  switching  elements  and  connectable 
to  the  output  of  the  synchronous  generator  (3); 
a  direct  current  power  supply  (15)  for  supplying  the 
power  to  actuate  the  engine  (1)  and  having  a 
semiconductor  device  for  preventing  the  current 

75  from  flowing  back,  the  direct  current  power  supply 
(15)  being  connected  to  the  main  circuit  of  the 
inverter  (13); 
a  switching  unit  (12)  composed  of  a  first  switch 
(12A)  and  a  second  switch  (12B),  the  switch  (12A) 

20  capable  of  connecting  to  the  output  of  the  main 
circuit  of  the  inverter  (13)  for  suppl  ing  the  output 
thereof  to  a  load  while  the  switch  (12B)  capable  of 
connecting  the  outputs  of  the  main  circuit  of  the 
inverter  (13)  with  the  output  of  the  synchronous 

25  generator  (3);  and 
a  control  circuit  (19)  connectable  to  the  direct  cur- 
rent  power  supply  (15)  for  switching  the  first  and 
second  switches  (12A,  12B)  and  controlling  the 
switching  elements  of  the  main  circuit  of  the  in- 

30  verter(13). 
(2)  An  engine  driven  generator  according  to 

Claim  1  ,  wherein  the  first  and  the  second  switches 
(12A,  12B)  are  switched  respectively  at  the  time 
when  a  motor  driving  operation  of  the  sysnch- 

35  ronous  generator  (3)  is  converted  to  the  power 
generating  operation. 

(3)  An  engine  driven  generator  according  to 
Claim  1,  wherein  the  direct  current  obtained  by 
rectification  of  alternating  current  output  of  the  syn- 

40  chronous  generator  (3)  by  the  full-wave  rectifier 
(11)  is  converted  to  the  alternating  current  by  the 
main  circuit  of  the  inverter  (13)  for  producing  a 
power  generating  output  during  the  period  when 
the  switching  unit  (12)  is  switched  to  the  first  (12A) 

45  while  the  voltage  or  the  current  of  the  main  circuit 
of  the  inverter  (13)  is  controlled  to  be  synchronous 
with  the  rotor  position  of  the  synchronous  generator 
(3)  by  the  rotor  position  detector  (10)  of  the  syn- 
chronous  generator  (3)  and  amplitude  of  the  volt- 

50  age  or  the  current  is  adjusted  to  control  the  speed 
of  rotation  (N)  of  the  synchronous  generator  (3) 
during  the  period  when  the  switching  unit  (12)  is 
switched  to  the  second  switch  (1  2B). 

(4)  An  engine  driven  generator  comprising: 
55  an  engine  (1); 

a  three-phase  synchronous  generator  (3)  driven  by 
the  engine  (1); 
a  direct  current  power  supply  (15)  for  actuating  the 

system  such  as  substitution  of  a  printer  circuit 
enables  to  be  employed  as  the  three-phase  gener- 
ator  as  well  as  the  single-phase  genrator.  Addition- 
ally,  inasmuch  as  the  bridge  circuit  composed  of 
the  transistor  of  the  same  capacity  constituting  the 
main  circuit  of  the  inverter  13  is  general,  and 
moduled  and  available  with  module  and  low  cost, 
the  engine  driven  generator  can  be  mass-pro- 
duced.  Furthermore,  the  constituents  excluding  the 
engine  the  synchronous  generator  are  very  simple, 
the  engine  driven  generator  can  be  realized  with 
low  cost,  light  weight,  and  compact  size. 

The  direct  current  power  supply,  namely,  the 
direct  current  power  supply  having  the  chopper 
circuit  30  for  increasing  the  voltage,  the  direct 
current  power  supply  30A  for  increasing  and  de- 
creasing  the  voltage,  the  direct  current  power  sup- 
ply  having  the  battery  charging  element  33  respec- 
tively  illustrated  in  Figs.  8,  10,  12  can  be  employed 
to  the  engine  driven  generator  of  the  fith  embodi- 
ment. 

As  explained  in  detail  hereabove  it  is  possible 
to  provide  the  engine  driven  generator  having  no 
exclusive  starter  with  simple  construction  so  that 
the  engine  driven  generator  becomes  small  sized, 
compact  with  easy  maintenace  thereof.  In  the  case 
where  the  single-phase  alternating  current  is  pro- 
duced,  one-phase  of  the  switching  element  of  the 
main  circuit  of  the  inverter  for  converting  the  output 
of  the  generator  into  the  voltage  having  a  predeter- 
mined  voltage  with  a  predetermined  frequency  is 
subjected  to  successively  low  frequency  switching 
operation  while  the  other  two-phase  switching  ele- 
ments  are  subjected  to  a  high  frequency  switching 
operation  alternately  each  half  cycle  whereby  the 
main  circuit  can  be  operated  with  an  optimum 
conversion  efficiency  at  the  motor  driving  operation 
of  both  the  single-phase  generator  and  the  three- 
phase  generator  to  thereby  increase  remarkably 
the  single-phase  alternating  current  capacity  and  to 
reduce  the  cost  thereof. 

Although  the  invention  has  been  described  in 
its  preferred  form  with  a  certain  degree  of  particu- 
larity,  it  is  to  be  understood  that  many  variations 
and  changes  are  possible  in  the  invention  without 
departing  from  the  scope  thereof. 

The  features  disclosed  in  the  foregoing  de- 
scription,  in  the  claims  and/or  in  the  accompanying 
drawings  may,  both  separately  and  in  any  com- 
bination  thereof,  be  material  for  realising  the  inven- 
tion  in  diverse  forms  thereof. 

Claims 

1  .  An  engine  driven  generator  having  no  exclu- 
sive  starter  comprising: 
an  engine  (1); 
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engine  (1); 
a  direct  current/alternating  current  power  converter 
(13)  (hereafter  referred  to  as  inverter  )  for  convert- 
ing  the  direct  current  of  the  direct  current  power 
supply  (15)  into  an  alternating  current  to  supply  it  5 
to  the  three-phase  synchronous  genertor  (3)  so  that 
the  three-phase  synchronous  generator  (3)  per- 
forms  motor  driving  operation  to  actuate  the  engine 
(1),  the  inverter  (13)  having  switching  elements 
connected  with  each  other  by  bridge  connection;  10 
characterized  in  that  during  the  period  when  the 
three-phase  synchronous  generator  (3)  performs 
the  power  generating  operation  after  completing 
the  actuation  of  the  engine  (1),  a  pair  of  positive 
and  negative  first  single-phase  switching  elements  75 
are  subjected  to  successive  ON/OFF  control  opera- 
tion  while  one  pair  of  two-phase  switching  elements 
and  the  other  pair  of  two-phase  switching  elements 
are  alternated  for  each  half  of  the  time  and  sub- 
jected  to  PWM  control  operation  so  that  output  20 
terminals  corresponding  to  the  two-phase  switching 
elements  are  short-circuited  with  each  other. 

(5)  An  engine  driven  generator  according  to 
Claim  4,  wherein  the  pair  of  positive  and  negative 
first  single-phase  switching  elements  are  driven  by  25 
a  square  wave  signal  while  the  other  each  pair  of 
two-phase  switching  elements  are  driven  by  a 
PWM  signal  which  is  a  half  wave  of  a  sine  wave  is 
alternated  each  half  cycle. 

(6)  An  engine  driven  generator  according  to  30 
Claims  1  through  5,  wherein  a  direct  current  power 
supply  (15)  for  actuating  the  engine  (1)  is  a  battery 
interposed  between  the  direct  current  terminals  of 
the  main  circuit  of  the  inverter  (13)  via  the  switch- 
ing  element  (17),  the  switching  element  (17)  is  not  35 
turned  on  during  the  engine  is  actuated. 

(7)  An  engine  driven  generator  according  to 
Claims  1  through  6,  wherein  the  direct  curent  pow- 
er  supply  (15)  comprises  a  battery  and  a  chopper 
for  increasing  the  voltage  of  the  battery.  40 

(8)  An  engine  driven  generator  according  to 
Claims  1  through  6,  wherein  the  direct  current 
power  supply  (15)  comprises  a  battery  and  a  chop- 
per  for  increasing  and  decreasing  the  voltage  of 
the  battery.  45 
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