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(54)  Control  circuit  for  a  DC  motor. 
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(57)  A  DC  power  supply  (Vcc)  for  a  DC  motor  (2)  is 
controlled  by  a  drive  transistor  (3).  An  "ON" 
state  of  the  drive  transistor  (3)  is  maintained  by 
a  comparator  (8)  or  means  which  compares  a 
terminal  voltage  (VT)  at  a  point  (4)  between  the 
DC  motor  (2)  and  the  drive  transistor  (3)  with  a 
reference  voltage  (VR)  supplied  from  the  power 
supply.  A  clock  pulse  is  applied  to  the  drive 
transistor  (3)  to  make  it  periodically  turn  off  in 
order  to  detect  an  induced  voltage  depending 
upon  rotation  rate  of  the  DC  motor  (2).  The  drive 
transistor  (3)  remains  turned  off  upon  stopping 
the  rotating  DC  motor  (2)  by  force.  A  regulator 
(20)  is  provided  between  the  power  supply  and 
the  reference  voltage.  A  restraint  torque  and  a 
rotation  rate  control  means  are  also  provided.  In 
an  alternative  embodiment  descbribed,  a  pul- 
sating  power  supply  is  provided  instead  of  the 
DC  power  supply  and  the  clock.  One  particular 
application  for  the  control  circuit  disclosed  is  as 
the  drive  means  for  an  automobile  powered 
window. 
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Field  of  the  Invention 

The  present  invention  generally  relates  to  a  circuit 
for  controlling  an  electric  motor  and  more  specifically 
a  circuit  for  controlling  a  DC  motor  which  is  suitable 
for  use  in  driving  window  glasses  in  a  power  window 
system  of  a  vehicle. 

Prior  Art 

Referring  now  to  Figure  1,  a  conventional  circuit 
for  controlling  a  restraint  torque  of  a  DC  motor  which 
has  been  applied  by  the  present  inventor  and  accor- 
ded  under  JP-A-1-311883  as  a  laid-open  number  in 
Japan  is  generally  shown.  A  DC  power  supply  1  is 
connected  between  Vcc  line  and  ground  or  GND.  A 
DC  motor  2  connected  between  the  Vcc  line  of  the 
power  supply  and  its  drain  of  an  N-channel  MOSFET 
(Metal  Oxide  Semiconductor  Field  Effect  Transistor) 
3  for  driving  the  DC  motor  2  via  a  relay  terminal  4.  The 
MOSFET  3  also  has  its  source  connected  to  ground 
and  its  gate  connected  to  a  collector  of  a  PNP  transis- 
tor  5.  The  PNP  transistor  5  has  its  emitter  connected 
to  the  Vcc  line  and  its  base  connected  to  an  input  ter- 
minal  6  via  a  resistor  7.  A  negative  trigger  pulse  P1  is 
provided  into  the  input  terminal  6  and  the  PNP  tran- 
sistor  5  is  turned  on  to  make  the  MOSFET  3  turn  on. 
The  MOSFET  3  at  ON  state  provides  a  current  to  the 
DC  motor  2  and  the  motor  2  rotates  during  the  nega- 
tive  trigger  pulse  being  applied. 

A  comparator  8  for  maintaining  the  rotation  of  the 
DC  motor  2  is  connected  between  the  Vcc  line  and 
ground  via  supply  bus  not  shown.  The  comparator  has 
its  inverting  input  connected  to  the  relay  terminal  4  or 
the  drain  of  the  MOSFET  3,  its  non-inverting  input 
connected  to  a  variable  terminal  of  a  variable  resistor 
9  connected  between  the  Vcc  line  and  ground,  and  an 
output  connected  to  the  gate  of  the  MOSFET  3  via  a 
resistor  10.  The  comparator  8  compares  the  terminal 
voltage  VT  of  the  relay  terminal  4  with  the  reference 
voltage  VR.  The  terminal  voltage  VT  is  defined  to  sub- 
tract  the  induced  voltage  V|  from  the  Vcc.  The  com- 
parator  8  outputs  a  logical  "H"  when  VT  <  VR. 
Therefore,  once  the  negative  trigger  pulse  P1  is 
applied  to  the  trigger  terminal  6,  the  MOSFET  3  is  tur- 
ned  on,  the  drain  voltage  VT  of  the  terminal  4  becomes 
a  saturated  voltage  lower  than  that  of  the  reference 
voltage  VR  and  the  comparator  provides  "H"  to  the 
gate  of  the  MOSFET  3  to  latch  up  the  MOSFET  3  and 
to  maintain  the  DC  motor  2  to  be  rotated. 

The  DC  motor  2  generates  pulses  each  having  an 
absolute  induced  voltage  V|  depending  upon  the  rota- 
tion  rate  during  the  rotation  thereof.  Each  pulse  has  a 
pair  of  negative  and  positive  pulse  components  when 
a  rotator  of  the  DC  motor  2  upon  rotating  comes  to  a 
predetermined  angular  position  relative  to  a  stator 
thereof.  Even  if  the  MOSFET  3  does  not  provide  a 
power  to  the  rotating  DC  motor  2  at  a  moment,  the 

rotating  DC  motor  2  will  be  rotate  by  a  inertia  and  will 
generate  the  pulses. 

An  NPN  transistor  11  is  provided  to  periodically 
turn  off  the  MOSFET  3  and  to  check  the  rotation  con- 

5  dition  of  the  DC  motor  2  incorporated  with  the  com- 
parator  8.  The  NPN  transistor  11  has  its  collector 
connected  to  the  gate  of  MOSFET  3,  its  emitter  con- 
nected  to  ground  and  its  base  connected  to  a  clock 
terminal  12  via  a  resistor  13.  Positive  clock  pulses  P2 

10  are  periodically  applied  to  the  clock  terminal  12  to  pro- 
vide  comparison  period  and  the  NPN  transistor  1  1  is 
turned  on  to  make  the  MOSFET  3  periodically  turn  off. 

Upon  applying  the  positive  clock  pulse,  the  com- 
parator  8  can  compare  the  terminal  voltage  VT,  which 

15  is  not  interfere  with  the  drain  voltage  of  the  MOSFET 
3,  with  reference  voltage  VR.  If  the  VT  is  lower  than  the 
VR,  then  the  comparator  8  provides  a  "H"  level  to  the 
gate  of  the  MOSFET  3  after  ending  the  compare 
period  and  the  MOSFET  3  returns  to  the  latch  condi- 

20  tion.  If  the  VT  is  higher  than  the  VR,  then  the  com- 
parator  8  provides  a  "L"  level  to  the  gate  of  the 
MOSFET  3  after  ending  the  compare  period  and  the 
MOSFET  3  maintains  turn  off  condition.  Supposing 
that  the  DC  motor  2  controlled  by  the  MOSFET  3 

25  drives  a  window  glass  to  close  a  door  window  of  the 
vehicle,  the  window  glass  is  moving  for  example  up  to 
close  the  window  by  the  trigger  pulse.  The  DC  motor 
2  maintain  the  rotation  by  the  inertia  notwithstanding 
the  periodical  positive  clock  pulses  are  applied  unless 

30  the  window  glass  meets  with  an  obstacle  against  a 
frame  of  the  door. 

If  the  periodical  clocks  are  not  applied  to  the  ter- 
minal  12,  it  is  an  unfavorable  condition  for  the  DC 
motor  2  that  the  window  glass  meets  with  an  obstacle 

35  against  a  frame  of  the  door  because  the  rotating  DC 
motor  2  receiving  the  power  must  be  stopped  with  a 
damage  of  the  obstacle.  Also,  an  internal  coils  of  the 
DC  motor  2  may  be  burned  to  cut  by  a  static  current 
through  the  DC  motor  2. 

40  However,  because  of  applying  the  periodical 
clocks  to  the  terminal  12,  the  DC  motor  2  does  not 
generate  the  induced  voltage  when  stopped,  and  the 
latch  condition  provided  between  the  comparator  8 
and  the  MOSFET  3  and  for  supplying  the  power 

45  thereto  is  released. 
Referring  now  to  Figure  2,  a  second  conventional 

circuit  for  controlling  a  DC  motor  which  also  has  been 
applied  by  the  present  inventor  and  accorded  under 
JP-patent  application  No.  2-5401  filed  on  January  23, 

so  1990  is  generally  shown.  In  Figure  2,  components  cor- 
responding  to  those  of  Figure  1  allocate  same  num- 
erals  respectively  and  detail  descriptions  are  omitted. 
A  resistor  14  is  connected  between  the  relay  terminal 
4  and  the  inverting  input  of  the  comparator  8.  Two 

55  resistors  1  5  and  1  6  each  con  nected  to  one  of  fixed  ter- 
minals  of  the  variable  resistor  9  are  connected  to  the 
Vcc  line  and  ground  respectively  to  provide  a  fine 
adjustment  of  the  reference  voltage  VR  finer  than  that 
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of  Figure  1.  A  wired  AND  function  by  the  resistor  10 
and  the  NPN  transistor  11  in  Figure  1  is  substituted 
with  a  2  input  AND  gate  17.  The  AND  gate  17  has  its 
output  connected  to  the  gate  of  MOSFET  3,  one  input 
connected  to  the  output  of  the  comparator  8,  and 
another  input  connected  to  a  oscillator  18  for  provid- 
ing  the  negative  periodical  clock.  Also,  the  PNP  tran- 
sistor  5  not  shown  in  Figure  2  may  be  added  with  its 
collector  connected  to  the  gate  of  MOSFET  3,  its  emit- 
ter  connected  to  the  Vcc  line  and  its  base  connected 
to  the  input  terminal  6  via  the  resistor  7  as  shown  in 
Figure  1. 

An  operation  of  the  second  conventional  control 
circuit  for  a  DC  motor  as  shown  in  Figure  2  is  identical 
to  that  of  Figure  1  and  detailed  description  of  the  oper- 
ation  is  omitted. 

These  control  circuit  are  advantageous  com- 
pared  to  a  conventional  circuit  having  a  series  resistor 
passing  through  a  supply  current  to  a  DC  motor 
because  the  series  resistor  can  be  employed  for  moni- 
toring  a  DC  motor  current  but  has  serious  loss  of  the 
current  which  degrades  efficiency  of  the  powerenergy 
to  be  supplied  thereto. 

Such  a  motor  2  is  generally  employed  as  drive 
means  for  a  power  or  automatic  window,  while  a  sec- 
ondary  battery  is  used  as  a  DC  power  supply  of  the 
vehicle.  The  battery  has  many  electrical  connections 
to  equipments  such  as  cooler,  a  dynamo,  head  lights, 
a  car-radio  machine,  etc.  installed  in  the  vehicle.  The 
voltage  of  the  Vcc  line  connected  to  the  battery  is 
undesirably  changed  when  any  equipments  is  turned 
on  or  off.  This  change  of  Vcc  causes  a  change  of  a 
restraint  torque  of  a  DC  motor,  that  is,  higher  power 
supply  voltage  causing  a  increasing  the  restraint  tor- 
que,  while  lower  power  supply  voltage  causing  a  dec- 
reasing  the  restraint  torque  of  the  motor. 

In  Figures  1  and  2,  a  critical  or  minimum  current 
lmin  whether  rotation  of  the  DC  motor  2  maintains  or 
not  is  as  follows. 

Imin  =  (Vcc-V,)/Rm  =  VR/Rm 
wherein,  Vcc  denotes  a  power  supply  voltage,  V| 
denotes  a  induced  voltage,  and  Rm  denotes  an  inter- 
nal  resistance  of  the  DC  motor  2.  Therefore,  the  res- 
traint  torque  depends  upon  the  critical  current  lmin.  The 
critical  current  changes  due  to  a  change  of  the  refer- 
ence  voltage  VR  and  in  turn  a  change  of  the  power 
supply  voltage  Vcc. 

The  conventional  circuits  as  shown  in  Figures  1 
and  2,  can  control  the  restraint  torque  of  the  motor  but 
not  control  a  rotation  rate  or  speed.  It  is  not  practical 
to  control  the  rotation  rate  by  using  a  dynamo  directly 
connected  to  a  shaft  of  the  DC  motor  because  of  high 
cost. 

The  conventional  DC  motor  2  as  shown  in  Figure 
1  or  2  generally  needs  a  direct  current  (DC)  power 
supply.  In  the  vehicle  such  as  an  automobile,  it  is  fre- 
quent  that  the  DC  power  supply  is  obtained  from  an 
AC  power  supply  such  as  an  alternative  current 

generator  or  dynamo  with  a  rectifying  circuit  for  provi- 
ding  a  pulsating  power  supply  from  the  AC  power  sup- 
ply  and  a  smoothing  capacitor  or  battery  for 
smoothing  the  pulsating  power  as  indispensable 

5  means.  The  oscillator  1  8  comprising  an  unstable  muti- 
vibrator  by  using  555  available  from  Signetics  or  a 
crystal  oscillator  and  clock  dividers,  should  be  omitted 
because  the  circuit  is  more  complex  and  the  mean 
time  between  failures  MTBF  will  be  increased  if  the 

10  oscillator  18  is  omitted.  The  power  consumed  by  the 
control  circuit  mainly  the  pulse  oscillator  and  com- 
parator  can  not  be  negligible. 

SUMMARY  OF  THE  INVENTION 
15 

Accordingly,  it  is  an  object  of  the  present  inven- 
tion  to  provide  a  circuit  for  controlling  a  rotation  speed 
as  well  as  a  restraint  torque  of  a  DC  motor. 

It  is  another  object  to  provide  a  DC  motor  control 
20  circuit  for  regulating  a  restraint  torque  even  if  voltage 

of  a  power  supply  is  changed. 
It  is  an  additional  object  to  provide  a  control  circuit 

of  a  DC  motor  without  a  pulse  oscillator  which  makes 
a  drive  transistor  for  the  DC  motor  periodically  turn  off. 

25  According  to  an  aspect  of  the  present  invention, 
a  circuit  for  controlling  a  motor  comprises  a  DC  power 
supply  having  a  hot  line  connected  to  said  motor  and 
a  cold  line,  a  drive  transistor  connected  between  said 
motor  via  a  relay  terminal  and  said  cold  line  to  drive 

30  said  motor,  trigger  means  for  supplying  a  trigger  pulse 
to  said  drive  transistor  to  provide  a  ON  state  of  said 
drive  transistor,  means  for  comparing  a  terminal  volt- 
age  on  said  relay  terminal  with  a  reference  voltage 
and  providing  an  output  to  said  drive  transistor, 

35  means  for  periodically  turning  off  said  drive  transistor 
to  detect  said  terminal  voltage  depending  upon  the 
rotation  of  said  motor,  means  coupled  to  a  power  sup- 
ply  voltage  for  regulating  said  reference  voltage  and 
means  for  checking  said  power  supply  voltage  to 

40  make  said  drive  transistor  turn  off  if  said  power  supply 
voltage  is  lower  than  a  predetermined  voltage. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

45  A  better  understanding  of  the  present  invention 
can  be  obtained  when  the  following  detailed  descrip- 
tion  of  the  preferred  embodiments  are  considered  in 
conjunction  with  following  drawings,  in  which: 

Figure  1  and  2  are  schematic  diagrams  showing 
so  conventional  control  circuits  of  DC  motors; 

Figure  3  is  a  schematic  diagram  of  a  circuit  for 
controlling  a  DC  motor  showing  a  first  embodi- 
ment  of  the  invention; 
Figure  4  is  a  schematic  diagram  modified  the  con- 

55  trol  circuit  of  Figure  3; 
Figure  5  is  a  schematic  diagram  of  a  circuit  for 
controlling  a  DC  motor  showing  a  second  embo- 
diment  of  the  invention; 

3 
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Figure  6  is  a  timing  chart  of  the  control  circuit  of 
Figure  5; 
Figure  7  is  a  schematic  diagram  of  a  circuit  for 
controlling  a  DC  motor  showing  a  third  embodi- 
ment  of  the  invention;  and 
Figure  8  is  a  timing  chart  of  the  control  circuit  of 
Figure  7. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

Referring  now  to  Figure  3,  a  first  embodiment  of 
the  invention,  that  is,  a  circuit  for  controlling  a  DC 
motor  is  generally  shown.  In  Figures  3  to  5  and  7,  the 
same  reference  numerals  are  used  to  denote  the 
same  components  or  parts  as  those  in  the  prior  art  as 
shown  in  Figures  1  and  2  and  detail  descriptions  are 
omitted. 

In  Figure  3,  a  voltage  regulator  20  is  connected  at 
its  output  to  the  variable  resistor  9  to  provide  a  regu- 
lated  reference  voltage  VR  to  the  comparator  8.  The 
voltage  regulator  20  is  constructed  as  for  example  5 
volt  three  terminal  type  IC  (Integrated  Circuit)  or  dis- 
crete  circuit,  its  input  being  connected  to  the  Vcc  line 
and  its  common  being  connected  to  ground  to  provide 
the  regulated  voltage  Vo  (Vo  =  5  V)  to  the  variable 
resistor  9  after  buffering  or  absorbing  a  voltage 
change  of  the  Vcc  line.  The  variable  resistor  9  there- 
fore  has  their  fixed  terminals  connected  to  the  output 
of  the  voltage  regulator  20  and  ground  respectively, 
and  its  movable  terminal  or  tap  connected  to  a  non- 
inverting  input  of  the  comparator  8  to  provide  the 
reference  voltage  thereto.  While  an  inverting  input  of 
the  comparator  8  receives  a  dividing  voltage  VD 
obtained  by  dividing  the  terminal  voltage  VT  (or  Vcc  - 
V|)  of  the  terminal  4  by  two  resistors  21  and  22.  The 
resistor  21  therefore  is  connected  between  the  termi- 
nal  4  and  the  inverting  input  while  the  resistor  22  is 
connected  between  the  inverting  input  and  ground. 

Additionally,  the  reference  voltage  VR  is  also 
applied  to  an  inverting  input  of  a  second  comparator 
23  to  check  the  power  supply  voltage.  Therefore,  a 
non-inverting  input  of  the  second  comparator  23 
receives  a  second  dividing  voltage  VD2  obtained  by 
dividing  the  power  supply  voltage  Vcc  by  two  resistors 
24  and  25.  The  resistor  24  therefore  is  connected  be- 
tween  the  Vcc  line  and  the  non-inverting  input  while 
the  resistor  25  is  connected  between  the  non-invert- 
ing  input  and  ground.  The  second  comparator  23 
compares  the  reference  voltage  VR  with  the  second 
dividing  voltage  VD2  and  outputs  a  logical  "H"  to  one 
input  of  a  2  input  AND  gate  26  when  VD2  >  VR.  The 
AND  gate  26  has  its  second  input  connected  to  the 
output  of  the  comparator  8  and  its  output  connected 
to  the  gate  of  the  MOSFET  3  via  the  resistor  10. 

An  operation  of  the  first  embodiment  is  described 
hereinunder. 

In  Figure  3,  a  critical  or  minimum  current  lmin 

whether  rotation  of  the  DC  motor  2  maintains  or  not 
is  as  follows. 
Imin  =  (Vcc  -  V,)/Rm  =  (R1  +  R2)  x  VR/(R1  x  Rm) 

wherein,  Vcc  denotes  the  power  supply  voltage,  V| 
5  denotes  a  induced  voltage,  Rm  denotes  an  internal 

resistance  of  the  DC  motor  2,  and  R1  and  R2  denote 
resistances  of  the  resistors  21  and  22  respectively. 
Therefore,  the  restraint  torque  depends  upon  the  criti- 
cal  current  lmin.  Then  the  restraint  torque  is  not  change 

10  when  Vcc  -  V|  is  constant  even  if  Vcc  changes.  Also, 
the  restraint  torque  is  not  change  when  the  reference 
voltage  VR  is  constant  even  if  Vcc  changes. 

In  Figure  3,  the  regulated  output  voltage  Voof  the 
voltage  regulator  or  regulating  element  20  is  applied 

15  to  the  variable  resistor  9  to  provide  the  reference  or  a 
restraint  torque  setting  voltage  VR.  The  resistors  21 
and  22  need  to  be  provided  to  apply  a  dividing  voltage 
of  the  terminal  voltage  VT  (or  Vcc  -  V|)  to  the  inverting 
input  of  the  comparator  8  in  order  to  generate  a  suffi- 

20  cient  torque  to  the  DC  motor  2  because  the  output 
voltage  Vo  is  lower  than  the  power  supply  voltage 
Vcc.  Then,  resistances  of  the  resistors  21  and  22  are 
determined  so  that  maximum  torque  is  obtained  under 
Vo  >  VD  upon  stopping  the  DC  motor  2. 

25  The  second  comparator  23  solves  a  problem  in 
which  the  output  of  the  comparator  8  is  always  logical 
"H"  in  case  that  the  Vcc  is  lowered  enough  to  fulfill  the 
equation  VR  >  VD  when  the  motor  2  is  stopped.  The 
values  of  the  resistors  24  and  25  each  connected  to 

30  the  non-inverting  input  of  the  second  comparator  23 
are  determined  to  fulfill  R3/R4  >  (R1  +  Rm)/R2.  Where 
R3  and  R4  denote  values  of  the  resistors  24  and  25 
respectively. 

As  values  of  the  resistors  21,  22,  24  and  25  are 
35  determined  as  described  the  above,  the  reference 

voltage  VR  is  higher  than  the  second  dividing  voltage 
VD2  before  the  reference  voltage  VR  becomes  higher 
than  the  dividing  voltage  VD.  As  the  result,  the  output 
of  the  comparator  23  goes  low  level  to  make  the  MOS- 

40  FET  3  turn  off  to  shut  up  power  supply  to  the  DC  motor 
2.  The  second  comparator  23  then  determines  mini- 
mum  operation  voltage  of  the  Vcc  line  to  the  motor  2. 

The  AND  gate  26  may  be  substituted  with  a  2 
input  NOR  gate  in  case  that  respective  signals  applied 

45  to  the  inverting  and  non-inverting  inputs  of  the  com- 
parator  8  or  23  are  exchanged. 

According  to  the  first  embodiment  of  the  present 
invention,  there  is  an  advantage  in  which  the  restraint 
torque  of  the  motor2  is  not  change  if  the  power  supply 

so  voltage  is  changed.  Another  advantage  is  that  an 
unstable  motor  operation  by  low  power  supply  voltage 
is  avoided  due  to  the  second  comparator. 

Referring  now  to  Figure  4,  a  modified  embodi- 
ment  of  the  first  embodiment  is  generally  shown.  A 

55  current  regulated  diode  (CRD)  or  current  source  30  is 
provided  to  substitute  the  voltage  regulator  20  in  Fig- 
ure  3  because  of  providing  a  regulated  reference  volt- 
age  VR  in  conjunction  with  the  variable  resistor  9.  The 

4 
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resistor  9  is  connected  for  example  the  Vcc  line  and 
an  anode  of  the  CRD  30  while  a  cathode  of  the  CRD 
is  connected  to  ground. 

A  3  input  OR  gate  31  is  provided  to  substitute  the 
AND  gate  26,  NPN  transistor  11  and  resistor  13  in  Fig- 
ure  3  when  respective  signals  applied  to  the  inverting 
and  noninverting  inputs  of  the  comparator  8  or  23  are 
exchanged.  Three  inputs  of  the  OR  gate  31  are  out- 
puts  of  the  comparators  8  and  23,  and  the  clock  ter- 
minal  12  for  the  periodical  pulse  P2. 

A  2  input  NAND  gate  32  is  provided  to  substitute 
the  PNP  transistor  5  and  resistor  7  in  Figure  3.  Two 
inputs  of  the  NAND  gate  32  are  the  output  of  the  OR 
gate  31  and  the  trigger  terminal  6  for  P1.  The  output 
of  the  NAND  gate  32  is  connected  to  the  gate  of  the 
MOSFET  3 

Referring  now  to  Figures  5  and  6,  a  second  embo- 
diment  of  the  invention,  that  is,  a  circuit  for  controlling 
a  restraint  torque  and  a  rotation  speed  of  a  DC  motor 
and  its  timing  chart  are  generally  shown. 

In  Figure  5,  connected  between  the  fixed  terminal 
of  the  variable  resistor  9  remote  from  the  another  fixed 
terminal  connected  to  the  Vcc  line,  and  ground  is  a 
second  variable  resistor  40  to  provide  a  rotation 
speed  setting  voltage  VR2  to  a  third  comparator  41  . 
The  second  variable  resistor  40  has  its  movable  ter- 
minal  or  tap  connected  to  an  inverting  input  of  the  third 
comparator  41  while  a  noninverting  input  of  the  com- 
parator  41  receives  the  terminal  voltage  VT  (or  Vcc  - 
V|)  of  the  terminal  4.  The  third  comparator  41  com- 
pares  the  terminal  voltage  VT  with  the  rotation  speed 
setting  voltage  VR2  and  outputs  a  logical  "H"  when  VT 
<  Vps  to  one  input  of  a  2  input  AND  gate  42.  The  sec- 
ond  input  of  the  AND  gate  42  is  connected  to  the  out- 
put  of  the  comparator  8. 

The  output  of  the  AND  gate  42  is  connected  to  the 
D  input  of  a  transparent  latch  43.  The  latch  43  has  its 
clock  C  connected  to  the  clock  terminal  12  to  which  a 
negative  clock  pulse  P2  is  applied.  The  clock  pulse  P2 
consists  of  a  oscillation  of  a  logical  "H"  or  "tH"  period 
and  a  logical  "L"  or  "tL"  period.  In  the  the  latch  43,  data 
at  the  D  input  passes  through  the  Q  output  when  the 
clock  goes  logical  "L"  while  the  data  at  the  D  input  is 
latched  or  memorized  on  the  Q  output  when  the  clock 
goes  logical  "H".  In  case  that  a  CMOS  4042B  avail- 
able  from  RCA  Corporation  is  used  as  the  latch  43,  its 
polarity  terminal  is  connected  to  ground.  The  Q  output 
of  the  latch  43  is  connected  to  one  input  of  a  second 
2  input  AND  gate  44.  The  second  AND  gate  44  has 
its  second  input  connected  to  the  clock  terminal  12 
and  its  output  connected  to  the  gate  of  the  MOSFET 
3.  Connected  between  drain  and  source  of  the  MOS- 
FET  3  is  a  trigger  switch  SW  or  45  for  triggering  the 
motor  2  instead  of  the  PNP  transistor  5  and  resistor 
7. 

Figure  6  shows  a  timing  chart  of  portions  of  the 
control  circuit  as  shown  in  Figure  5. 

In  Figures  5  and  6,  once  the  trigger  switch  45  is 

turned  on  for  short  period  (ts),  the  terminal  voltage  VT 
goes  zero  potential  (or  voltage)  and  the  motor  2 
begins  to  rotate  and  then  rotates  at  the  maximum 
speed.  The  zero  potential  of  the  terminal  voltage  VT 

5  of  the  terminal  4  is  also  applied  to  the  third  comparator 
41.  The  third  comparator  41  compares  the  terminal 
voltage  VT  with  the  second  reference  voltage  VR2, 
because  VT  <  VR2  and  provides  "L"  to  the  latch  43  via 
the  AND  gate  42.  This  "L"  at  the  D  input  is  latched  with 

10  next  periodical  clock  P2  and  is  outputted  via  the  Q  out- 
put  of  the  latch  43  and  the  second  AND  gate  44  to  the 
gate  of  the  MOSFET  3  to  make  the  MOSFET  3  turn 
off. 

As  the  switch  45  is  turned  off  after  the  short  period 
15  (ts),  rotator  coils  of  the  motor  2  generate  the  reverse 

voltage  pulse  or  RVP  in  which  the  terminal  voltage  VT 
(VT  =  Vcc  -  V|)  is  suddenly  sharply  increased  and  then 
sharply  decreased.  After  that,  as  the  motor  2  has 
already  rotated,  the  terminal  voltage  VT  becomes  (Vcc 

20  -  V|)  due  to  the  induced  voltage  V|  generated  by  the 
rotation  of  the  motor  2.  At  this  time,  the  motor  2  is 
gradually  slowly  rotated  because  the  MOSFET  3  is  at 
OFF  state.  Simultaneously,  because  the  induced  volt- 
age  V|  is  gradually  small,  the  terminal  voltage  VT  is 

25  gradually  raised  in  this  case  between  the  first  and  sec- 
ond  reference  voltages  VR  and  V^,  that  is,  VR2  <  VT 
<  VR1  and  the  comparators  8  and  41  provide  "H"  levels 
to  the  AND  gate  42  which  provides  "H"  level  to  the  D 
input  of  the  latch  43.  When  the  subsequent  clock 

30  pulse  P2  goes  low  level,  the  "H"  level  at  the  D  input  is 
passed  to  the  Q  output  and  then  the  one  input  of  the 
second  AND  gate  44.  As  this  pulse  P2  at  "L"  is  also 
applied  to  the  second  input  of  the  AND  gate  44,  the 
output  Y  of  the  second  AND  gate  44  makes  the  MOS- 

35  FET  3  turn  off. 
When  the  subsequent  clock  pulse  P2  goes  high 

level  after  ending  the  tL  period,  the  Q  output  at  "H"  is 
latched  and  the  output  Y  of  the  second  AND  gate  44 
makes  the  MOSFET  3  turn  on.  The  MOSFET  3  at  turn 

40  on  state  makes  the  motor  2  faster  than  that  at  turn  off. 
If  the  motor  2  is  stopped  by  the  obstacle  or  under 

the  torque  over  condition,  that  is,  VR1  <  VT  (=  Vcc  -  V|) 
or  if  the  motor  2  is  rotated  over  the  predetermined 
speed,  that  is,  VT<  V^,  then  either  output  of  thecom- 

as  parator  8  and  40  is  goes  low  to  make  the  output  of  the 
AND  gate  42  go  low.  Simultaneously,  when  the  pulse 
P2  goes  low  and  then  high,  the  "L"  level  applied  to  the 
D  input  of  the  latch  43  from  the  AND  gate  42,  is  trans- 
ferred  to  the  Q  output  thereof  and  then  latched.  The 

so  "L"  level  of  the  Q  output  is  applied  via  the  second  AND 
gate  44  to  the  gate  of  the  MOSFET  3  with  nano-se- 
cond  order  delay  to  make  the  MOSFET  3  turn  off  and 
shut  off  the  power  supply  to  the  motor  2.  The  DC 
motor  2  is  prevented  from  burning  the  rotator  or  stator 

55  coils  in  case  of  trapping  the  obstacle  within  the  power 
window.  Alternatively,  the  rotation  speed  of  the  DC 
motor  2  is  gradually  slow  down  in  case  of  the  over 
speed  condition. 

5 



g EP  0  495  601  A2 10 

As  described  the  above,  the  voltages  VR1  ,  VT  and 
Vr2  are  compared  each  other  when  the  respective 
pulse  P2  goes  low  and  then  high.  The  MOSFET  3 
repeats  either  "ON"  or  "OFF"  state  per  the  "tH"  period 
depending  upon  relations  between  the  VR1  and  VT, 
and  VT  and  V^.  Finally,  the  rotation  speed  of  the 
motor  2  converges  on  the  predetermined  value  so  that 
the  terminal  voltage  VT  closes  to  the  VR2.  Therefore, 
the  speed  of  the  motor  2  is  controlled  to  the  predeter- 
mined  speed  by  setting  the  VR2  with  the  second  vari- 
able  resistor  40. 

On  the  contrast,  the  torque  of  the  motor  2 
depends  upon  the  minimum  drive  current  lmin  as  des- 
cribed  as  prior  art,  and  then  the  torque  against  the 
stoppage  or  arrest  of  the  motor  2  can  be  controlled  by 
setting  the  VR1  with  the  first  variable  resistor  9.  It  is 
often  by  using  a  battery  as  the  power  supply  1  that  the 
motor  drive  current  at  low  voltage  power  supply  is 
under  the  torque  set  by  the  variable  resistor  9  and  the 
motor  2  will  not  stopped.  In  this  case,  the  power  sup- 
ply  to  the  motor  2  is  certainly  shut  off  because  of  no 
induced  voltage  upon  stoppage  of  the  motor  2.  There- 
fore,  in  the  motor  control  circuit  of  the  motor,  its  res- 
traint  torque  by  the  variable  resistor  9  and  its  rotation 
speed  by  the  second  variable  resistor  40  can  be  con- 
trolled. 

The  second  embodiment  of  the  present  invention 
also  can  be  controlled  a  rotation  speed  of  the  DC 
motor  by  "ON"  or  "OFF"  control,  or  pulse  wide  modu- 
lation  of  the  drive  transistor  3  as  well  as  the  restraint 
torque  thereof  by  detecting  indirectly  its  restraint  tor- 
que  and  rotation  speed  from  the  induced  voltage 
which  depends  upon  the  rotation  of  the  motor  2. 

Referring  now  to  Figure  7,  a  third  embodiment  of 
the  present  invention  or  a  circuit  for  controlling  a  DC 
motor  is  generally  shown.  The  former  two  embodi- 
ments  are  proposed  regarding  a  DC  power  supply 
whose  voltage  is  substantially  constant  while  the  third 
embodiment  is  directed  to  use  an  AC  power  supply 
such  as  dynamo.  A  pulsating  current  as  shown  in  Fig- 
ure  8  given  by  rectifying  the  AC  power  supply  is  sup- 
plied  to  a  DC  motor  2.  A  detecting  period  for 
periodically  detecting  a  rotation  speed  or  restraint  tor- 
que  of  the  DC  motor  is  provided  within  a  period  in 
which  the  voltage  of  the  pulsating  current  approach 
the  zero  voltage.  This  provides  a  simplified  circuit  with 
omission  of  the  conventional  oscillator,  comparator 
and  AND  gate. 

In  Figure  7,  the  control  circuit  comprises  a  AC 
power  supply  50,  a  rectifying  circuit  51  connected  to 
the  AC  power  supply  50  to  provide  a  pulsating  current 
to  the  DC  motor  2,  a  drive  transistor  3  for  driving  the 
DC  motor  2,  and  a  detecting  transistor  54  for  detecting 
an  induced  voltage  of  the  DC  motor  2  to  switch  the 
drive  transistor  3. 

The  AC  power  supply  50  is  a  AC  generator  such 
as  a  dynamo  in  case  of  the  vehicle.  Both  lines  of  the 
AC  supply  50  are  connected  to  inputs  A  and  C  of  the 

whole  wave  rectifying  circuit  51  with  four  rectifiers. 
The  rectifying  circuit  51  has  a  pulsating  output  P  con- 
nected  to  a  common  cathode  of  power  diodes  55  and 
57,  and  a  pulsating  output  G  connected  to  a  common 

5  anode  of  power  diodes  56  and  58.  An  anode  of  the 
diode  55  and  a  cathode  of  the  diode  56  are  connected 
together  to  provide  the  input  A  while  an  anode  of  the 
diode  57  and  a  cathode  of  the  diode  58  are  connected 
together  to  provide  the  input  C.  Alternatively,  one 

10  power  diode  may  be  used  as  the  rectifying  circuit  51 
regarding  the  cost  thereof. 

The  positive  pulsating  output  P  is  connected  to 
one  end  of  the  DC  motor  2,  an  emitter  of  detecting 
PNP  transistor  54  and  a  movable  contact  of  switch  59 

15  while  the  negative  pulsating  output  G  is  connected  to 
an  emitter  of  driving  NPN  power  transistor  54  and  a 
resistor  60.  A  resistor  61  is  connected  between  a  base 
of  the  transistor  3  and  a  collector  of  the  transistor  54. 
A  resistor  62  is  connected  between  a  base  of  the  tran- 

20  sistor  54  and  a  collector  of  the  transistor  3.  The  col- 
lector  of  power  transistor  3  is  also  connected  to  other 
end  of  the  DC  motor  2. 

The  switch  59  has  three  fixed  contacts  for  "ON" 
position  connected  to  the  collector  of  the  transistor  54 

25  for  triggering,  "D"  position  for  an  ordinal  operation  with 
no  connection  and  "OFF"  position  connected  to  the 
base  of  the  transistor  54  for  terminating. 

In  the  preferred  embodiment,  the  one  end  of  the 
DC  motor  2  is  connected  to  pulsating  output  P  and 

30  though  the  drive  transistor  3  uses  an  NPN  power  tran- 
sistor,  an  N-channel  power  MOSFET  having  a  low 
gate  voltage  under  the  ON  state,  for  example,  1  volt 
may  be  substituted  therewith.  In  case  of  using  the  N- 
channel  MOSFET,  its  drain  is  connected  to  the  other 

35  end  of  the  DC  motor  2,  its  gate  is  connected  to  the 
resistor  62  and  its  source  connected  to  ground. 

In  the  alternative  embodiment  having  the  one  end 
of  the  DC  motor  2  connected  to  negative  pulsating 
output  G,  a  PNP  power  transistor  or  J-channel  power 

40  MOSFET  may  be  used  with  an  NPN  or  N-channel 
detecting  transistor. 

An  operation  of  the  third  embodiment  is  described 
as  follows. 

The  DC  motor  2  under  static  condition  does  not 
45  generate  the  induced  voltage  V|  or  V|  =  0  volts.  The 

detecting  transistor  54  maintains  OFF  state  because 
the  base  to  emitter  voltage  VBE  thereof  is  lower  than 
the  V|  and  the  transistor  54  becomes  ON  state  when 
for  example  the  VBE  <  0.65  volts  and  then  the  drive 

so  transistor  3  maintains  OFF  state. 
When  the  DC  motor  2  is  rotated  by  outer  means 

such  as  the  switch  59  at  the  "ON"  position,  the 
induced  voltage  V|  is  generated  with  the  potential  of 
the  end  P  being  lower  than  that  of  the  point  N.  If  the 

55  VT  is  higher  than  the  Vp  or  V|  >  VBE  at  a  predetermined 
speed  of  the  DC  motor  2,  the  detecting  transistor  54 
becomes  ON  state  and  then  the  drive  transistor  3 
becomes  ON  state  to  maintain  the  rotation  of  the  DC 

6 
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motor  2  because  of  supplying  drive  current  thereto.  As 
the  power  supply  voltage  between  the  points  P  and  G 
is  periodically  zero  potential  shown  in  Figure  8,  the 
drive  transistor  3  is  periodically  and  momentary  tur- 
ned  off  per  a  rotation  checking  period  within  which  the 
P  and  G  voltage  is  for  example  between  0  to  0.65 
volts. 

The  DC  motor  2  under  no  power  supply  condition 
can  be  supplied  with  the  pulsating  current  when  the  V| 
is  higher  than  VBE  by  rotating  the  DC  motor  to  cause 
transistors  54  and  3  turned  on  at  subsequent  current 
supplying  period.  However,  as  the  DC  motor  2  is 
under  a  restraint  condition  in  which  the  window  glass 
meets  with  an  obstacle  against  a  frame  of  the  door,  or 
V|  is  on  or  lower  than  the  VBE,  there  is  no  sufficient  cur- 
rent  between  the  base  to  emitter  of  the  detecting  tran- 
sistor  54  to  be  turned  on  the  drive  transistor  3. 
Therefore,  the  pulsating  current  is  not  supplied  to  the 
DC  motor  2  and  unnatural  load  is  not  applied  to  both 
of  the  DC  motor  2  and  the  obstacle  between  the  frame 
and  the  window  glass  driven  by  the  DC  motor  2. 

The  control  circuit  for  the  DC  motor  is  triggered 
when  the  switch  59  is  set  to  the  ON  position  door,  and 
shut  off  the  DC  motor  2  when  the  switch  at  the  OFF 
position.  When  the  switch  59  is  at  the  "D"  position,  the 
control  circuit  is  shut  off  the  DC  motor  2  upon  meeting 
the  DC  motor  2  with  the  restraint  condition. 

Though  the  collector  and  base  currents  of  the 
transistors  3  and  54  are  also  changed  according  to  the 
potential  of  the  point  P,  the  "ON"  states  of  the  transis- 
tors  3  and  54  are  not  changed  unless  the  potential  of 
the  P  is  higher  than  0.65  volts.  For  example,  the  base 
current  and  then  the  collector  currents  of  the  drive 
transistor  is  increased  when  the  potential  of  the  P  is 
raised,  or  vice  versa.  Therefore,  a  flywheel  may  be 
mounted  to  a  shaft  of  the  DC  motor  2  to  reduce  wow 
flutter  of  the  rotation  thereof. 

The  control  circuit  of  the  third  embodiment  is  dis- 
tinguished  from  the  former  two  preferred  embodi- 
ments  in  that  the  pulsating  current  power  supply  is 
provided  form  the  AC  power  supply.  In  this  embodi- 
ment,  the  pulse  oscillator,  the  comparator,  the  AND 
gate  and  the  smoothing  means  for  the  pulsating 
power  supply  are  not  necessary.  Therefore,  there  are 
many  advantages  in  which  the  control  circuit  thereto 
is  simplified  with  higher  reliability  and  lower  cost  than 
the  former  as  well  as  no  adding  the  series  resistor 
passing  through  a  supply  current  to  a  DC  motor. 

The  foregoing  disclosure  and  description  of  the 
invention  are  illustrative  and  explanatory  thereof,  and 
various  changes  in  the  size,  shape,  materials,  compo- 
nents,  circuit  elements,  wiring  connections  and  con- 
tacts,  as  well  as  in  the  details  of  the  illustrated  circuitry 
and  construction  may  be  made  without  departing  form 
the  spirit  of  the  invention. 

Claims 

1  .  A  circuit  for  controlling  a  motor  comprises: 
a  DC  power  supply  having  a  hot  line  con- 

5  nected  to  said  motor  and  a  cold  line; 
a  drive  transistor  connected  between  said 

motor  via  a  relay  terminal  and  said  cold  line  to 
drive  said  motor; 

trigger  means  for  supplying  a  trigger  pulse 
10  to  said  drive  transistor  to  provide  a  ON  state  of 

said  drive  transistor; 
means  for  comparing  a  terminal  voltage  on 

said  relay  terminal  with  a  reference  voltage  and 
providing  an  output  to  said  drive  transistor; 

15  means  for  periodically  turning  off  said  drive 
transistor  to  detect  said  terminal  voltage  depend- 
ing  upon  the  rotation  of  said  motor;  and 

means  coupled  to  a  power  supply  voltage 
for  regulating  said  reference  voltage. 

20 
2.  A  circuit  according  to  claim  1  ,  further  comprising: 

means  coupled  to  said  DC  power  supply 
for  detecting  a  low  voltage  of  said  DC  power  sup- 
ply;  and 

25  an  AND  gate  connected  to  said  comparing 
means  and  said  low  voltage  detecting  means  to 
provide  an  output  to  said  drive  transistor  to  make 
said  drive  transistor  turn  off  if  said  power  supply 
voltage  is  lower  than  a  predetermined  voltage. 

30 
3.  A  circuit  according  to  claim  1  ,  wherein  said  drive 

transistor  is  turned  off  by  said  low  voltage  detect- 
ing  means  when  an  input  voltage  of  said  compar- 
ing  means  is  higher  than  a  dividing  voltage  of  said 

35  terminal  voltage  upon  stopping  said  DC  motor. 

4.  A  circuit  according  to  claim  3,  wherein  said  termi- 
nal  voltage  is  applied  to  said  comparing  means 
via  dividing  means. 

40 
5.  A  circuit  for  controlling  a  motor  comprises: 

a  first  comparator  for  comparing  a  terminal 
voltage  of  said  DC  motor  with  a  first  reference 
voltage; 

45  a  second  comparator  for  comparing  said 
terminal  voltage  of  said  DC  motor  with  a  second 
reference  voltage; 

an  AND  gate  for  receiving  outputs  of  said 
first  and  second  comparators; 

so  a  drive  transistor  for  supplying  power  to 
said  DC  motor; 

said  drive  transistor  being  ON  or  OFF  con- 
trolled  based  on  the  output  of  said  AND  gate  and 
a  periodical  clock  pulse;  and 

55  a  restraint  torque  and  rotation  speed  con- 
trols  of  said  DC  motor  being  achieved  by  setting 
said  first  and  second  reference  voltages  on  pre- 
determined  values  respectively. 
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6.  A  circuit  for  controlling  a  motor  comprises: 
a  first  comparator  for  comparing  a  terminal 

voltage  of  said  DC  motor  with  a  first  reference 
voltage; 

a  second  comparator  for  comparing  said  5 
terminal  voltage  of  said  DC  motor  with  a  second 
reference  voltage; 

a  first  AND  gate  for  receiving  outputs  of 
said  first  and  second  comparators; 

a  latch  circuit  for  latching  the  output  of  said  10 
first  AND  gate  by  a  periodical  clock  pulse; 

a  second  AND  gate  for  receiving  the  output 
of  said  latch  circuit  and  said  clock  pulse; 

a  drive  transistor  for  supplying  power  to 
said  DC  motor;  and  15 

a  restraint  torque  and  rotation  speed  con- 
trols  of  said  DC  motor  being  achieved  by  setting 
said  first  and  second  reference  voltages  on  pre- 
determined  values  respectively. 

20 
7.  A  circuit  for  controlling  a  motor  comprises: 

a  AC  power  supply; 
a  rectifying  means  connected  to  said  AC 

power  supply  and  having  a  hot  line  connected  to 
said  motor  and  a  cold  line;  25 

a  drive  transistor  connected  between  said 
motor  via  a  relay  terminal  and  said  cold  line  to 
drive  said  motor; 

a  trigger  means  for  supplying  a  trigger 
pulse  to  said  drive  transistor  to  provide  a  ON  state  30 
of  said  drive  transistor;  and 

a  detecting  transistor  for  comparing  a  volt- 
age  on  said  relay  terminal  with  an  internal  voltage 
and  providing  an  output  to  said  drive  transistor; 

35 
8.  A  circuit  according  to  claim  7,  wherein  said  DC 

motor  has  its  one  end  connected  to  said  hot  line; 
said  NPN  drive  transistor  having  its  emitter 

connected  to  said  cold  line,  and  its  collector  con- 
nected  to  other  end  of  said  DC  motor;  40 

said  PNP  detecting  transistor  having  its 
emitter  connected  to  said  hot  line,  its  base  con- 
nected  to  said  other  end  of  said  DC  motor  via  a 
resistor,  and  its  collector  connected  to  said  cold 
line  via  a  second  resistor  and  to  the  base  of  said  45 
NPN  drive  transistor  via  a  third  resistor. 
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