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Low  pulsation  pump  device. 

©  A  low  pulsation  pump  device  (10)  has  a  pulse 
motor  (1),  two  plungers  (7,  8)  adapted  to  be  driven 
by  the  pulse  motor,  a  pressure  sensor  (9)  disposed 
on  the  output  side  of  the  plungers,  a  storage  (6)  for 
storing  values  of  pressures  detected  by  the  pressure 
sensor  during  each  of  a  number  of  periods,  and  a 
pulse  control  (5)  for  creating,  in  each  period,  a  high 
speed  region  during  which  the  rotational  speed  of 

p^the  pulse  motor  is  increased.  The  pulse  control  has 
^ a n   optimization  function  which  determines,  on  the 
^.  basis  of  pressure  information  which  was  obtained 
(vj  during  the  last  period,  the  location  of  a  high  speed 
CJ  region  in  each  period  in  such  a  manner  as  to  reduce 
^pulsations. 
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LOW  PULSATION  PUMP  DEVICE 

Since  each  of  these  conventional  plunger 
pump  devices  includes  two  pumps  incorporated  as 
one  unit,  it  has  a  complicated  structure.  In  addition, 
since  the  optimization  control  of  the  pump  device 

5  is  nothing  more  than  a  phase  adjustment  between 
two  pumps,  the  resulting  reduction  in  pulsations  will 
often  be  insufficient. 

U.S.  Patent  No.  3,855,129  discloses  another 
pump  device.  However,  since  this  pump  device  is 

to  adapted  to  control  pressure  flucturations  by  detect- 
ing  the  discharge  pressure  of  the  pump  in  a  real- 
time  manner,  pulsations  can  be  reduced  only  im- 
perfectly  because  of  the  inevitable  time  lag. 

BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  a  few  pulsation 
pctBcip  device,  and-  more  particularly  to  a  low  pulsa- 
tion'"  pump"1  device  which  is  capable  of  delivering 
liquid  with  low  pulsations  and  is  thus  suitable  for 
use  in  liquid  chromatography,  ion  chromatography, 
or.GPC  (Gel  Permeation  Chromatography), 

An  example  of  a  conventional  low  pulsation 
pump  is  a  computer-controlled  dual  pump  in  which 
a  pulse  motor  is  provided  for  each  of  two  plungers 
so  that  the  two  plungers  essentially  operte  as  two 
independent  pumps.  The  control  performed  to  re- 
duces  pulsations  in  the  liquid:  delivered  by  this 
pump:  is  merely  an  adjustment  of  the  phase  dif-  • 
ference  between  the  two  pumps,  and  is  not  essen- 
tially  difference  from  control  in  which  the  phase 
difference  is  mechanically  adjusted  so  as  to  be 
fixed.  More  specifically,  if,  for  instance,  the  phase 
is  adjusted  in  such  a  way  that  a  pulsation  is  mini- 
mum  in  a  portion  of  the  period  in  which  the  end 
point  of  the  discharge  of  one  of  the  pumps  over- 
laps  the  start  point  of  the  discharge  of  the  other 
pump,  no  adjustment  is  provided  with  respect  to  a 
pulsation  in  a  period  portion  in  which  the  start  point 
of  the  discharge  of  the  first-mentioned  pump  over- 
laps  the  end  point  of  the  discharge  of  the  other 
pump.  As  a  result,  the  reduction  in  pulsations  is 
imperfect  if  the  pumps  are  not  operating  under 
exactly  the  same  mechanical  conditions. 

Japanese  Patent  Laid-Open  Publication  No. 
128678/1980  and  Japanese  Patent  Laid-Open  Pub- 
lication.  No;.  98572/1981  disclose  conventional 
plunger  pump  devices.  The  former  proposal  dis- 
closes  a  structure  in  which  a  single  cam  drives  two 
pumps.  Since  the  discharge  pressure  of  the  pumps 
is  detected  in  a  real-time  manner  to  determine  the 
start  point  and  end  point  of  each  of  high  speed 
driving  regions  of  the  pumps,  ripples  cannot  be 
completely  removed  because  of  the  time  lag  in  the 
feedback  loop.  The  latter  proposal  discloses  two 
plunger  pumps  driven  by  a  single  cam  in  such  a 
way  that  a  predetermined  discharge  amount  is  ob- 
tained  by  combining  the  liquid  flows  from  the  two 
pumps.  The  latter  proposal  also  teaches  to  es- 
timate,  on  the  basis  of  data  on  the  detected  rota- 
tional  position  of  the  cam,  a  period  of  time  which  is 
required  until  the  predetermined  flow  rate  recovers, 
and  to  change  the  rotational  speed  of  a  pulse 
motor  during  the  particular  period  which  has  thus 
been  estimated. 

75 
SUMMARY  OF  THE  INVENTION 

An  object  of  the  present  invention  is  to  provide 
a  low  pulsation  pump  device  which  is  capable  of 

20  reducing  pulsations  gradually  and  to  a  pulsation 
level  which  is  completely  negligible  a  few  minuts 
after  the  actual  start  of  use  of  the  pump. 

In  order  to  achieve  this  object,  the  present 
invention  provides  a  low  pulsation  pump  device 

25  comprising:  at  least  one  plunger  adapted  to  be 
driven  by  a  single  pulse  motor;  a  pressure  detector 
disposed  on  the  output  side  of  the  plunger;  mem- 
ory  means  for  storing  values  of  pressures  detected 
by  the  pressure  detector  during  each  of  a  number 

30  of  periods;  and  pulse  control  means  for  creating,  in 
each  period,  a  high  speed  region  during  which  the 
rotational  speed  of  the  pulse  motor  is  increased, 
the  pulse  control  means  having  an  optimization 
function  which  determines,  on  the  basis  of  pressure 

35  information  which  was  obtained  during  the  last  pe- 
riod,  the  location  of  a  high  speed  region  in  each 
period  in  such  a  manner  as  to  reduce  pulsations. 

In  accordance  with  one  aspect  of  the  present 
invention,  the  pulse  motor  drives  a  rotary  shaft  of 

40  twin  cams  in  accordance  with  the  number  of  con- 
trol  pulses,  the  twin  cams  drive  two  plungers  in 
accordance  with  a  required  phase  relationship,  the 
memory  means  stores  pressure  information  at  a 
required  time  point  or  points  in  each  period,  the 

45  pulse  control  means  operates  to  drive  the  pulse 
motor  at  a  high  speed  during  a  region  in  each 
period  during  which  the  discharge  pressure  tends 
to  drop  (i.e.,  the  liquid  compression  region  in  each 
period),  and  a  high-speed  rotation  region  is  deter- 

so  mined  on  the  basis  of  pressure  fluctuation  during 
the  previous  period. 
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BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  schematic  view  of  a  low  pulsation 
pump  device  in  accordance  with  an  embodiment  of 
tine  present  invention; 

Fig.  2  is  a  view  used  to  explain  the  operation 
<nf  two  plungers  of  the  pump  device  shown  in  Fig. 
H;: 

Figs.  3a  to  3c  are  time  charts  showing  op- 
timization  control  performed  in  the  pump  device 
shown  in  Fig.  1; 

Figs.  4a  and  4b  are  time  charts  showing  the 
manners  in  which  the  starting  point  of  a  high  speed 
region  is  determined  by  optimization  control  while 
the  end  point  of  the  high  speed  region  is  deter- 
mined  by  realtime  control,  in  the  pump  device 
shown  in  Fig.  1  ;  and 

Fig.  5  is  a  graph  illustrating  the  effect  of 
reducing  pulsation  which  is  provided  by  the  pump 
device  in  accordance  with  the  present  invention. 

actions  while  keeping  a  predetermined  phase  rela- 
tionship.  The  flow  rate  obtained  by  synthesizing  the 
suction  and  discharge  flow  rates  of  the  plungers 
represents  the  ultimate  flow  rate  of  the  pump  de- 

5  vice. 
The  pressure  sensor  9  sends  pressure  informa- 

tion  to  the  storage  6,  and  the  storage  6  stores  the 
pressure  information  until  the  next  period.  The 
pulse  control  5  corrects  drive  pulses  on  the  basis 

w  of  the  pressure  information  obtained  during  the  last 
period.  For  instance,  the  pulse  control  operates  to 
drive  the  pulse  motor  1  at  a  doubled  speed  in  the 
vicinity  of  the  liquid  compression  region  of  each 
period  in  which  the  discharge  pressure  tends  to 

rs  drop,  and  correct,  on  the  basis  of  the  pressure 
information  obtained  during  the  previous  period, 
the  timing  at  which  the  double-speed  driving  starts 
(hereinafter  referred  to  as  a  "starting  point")  and 
the  timing  at  which  the  double-speed  driving  ends 

20  (hereinafter  referred  to  as  a  "end  point")  in  each 
period.  The  correction  is  performed  in  such  a  way 
that,  if  it  is  judged  that  the  pressure  resulting  from 
the  last  correction  is  inadequate  at  the  beginning  of 
the  pressure  drop,  the  starting  point  of  the  double- 

25  speed  driving  is  advanced,  while,  if  it  is  judged  that 
the  pressure  reslting  from  the  last  correction  is 
excessive  at'the  beginning  of  the  pressure  drop, 
the  starting  point  of  the  double-speed  driving  is 
delayed.  On  the  other  hand,  if  it  is  judged  that  the 

30  corrected  pressure  is  inadequate  at  the  end  of  the 
pressure  drop,  the  end  point  of  the  double-speed 
driving  is  delayed,  while,  if  it  is  judged  that  the 
corrected  pressure  is  excessive  at  the  end  of  the 
pressure  drop,  the  end  point  of  the  double-speed 

35  driving  is  advanced. 
Fig.  2  is  a  view  used  to  explain  the  operation  of 

the  plungers  7  and  8.  Explanations  will  be  given 
with  reference  to  Fig.  2  concerning  the  principle  of 
controlling  the  plungers  7  and  8  through  the  pulse 

40  motor  1  as  well  as  the  portion  of  the  period  during 
which  pulsation  tends  to  occur. 

Fig.  2  (a)  shows  the  operating  condition  of  the 
first  cylinder  7  while  Fig.  2  (b)  shows  that  of  the 
second  cylinder  8.  Within  the  range  in  which  the 

45  phase  is  0  to  120°C,  the  first  cylinder  7  is  suc- 
tioning  while  the  second  cylinder  8  is  discharging, 
and  a  flow  rate  obtained  by  synthesizing  the  suc- 
tion  and  discharge  rates  of  these  cylinders  repre- 
sents  the  resultant  flow  rate  of  the  pump.  Within 

so  the  range  in  which  the  phase  is  240  to  360°,  the 
operating  conditions  are  close  to  the  revese  to 
what  is  described  above,  and  a  resultant  flow  rate 
which  is  equivalent  to  what  is  described  above  is 
obtained.  The  operating  condition  of  the  pump  de- 

55  vice  is  complicated  within  the  intermediate  range  in 
which  the  phase  is  120  to  240°.  In  particular,  within 
the  range  in  whrch  the  phase  is  about  120  to  160°, 
the  liquid  is  in  the  state  of  being  compressed,  and 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENT 

Referring  to  Fig.  1,  there  is  illustrated  a  low 
pulsation  pump  device  in  accordance  with  an  em- 
bodiment  of  the  present  invention.  The  pump  de- 
vice  10  includes  a  pulse  motor  1,  a  control  section 
2,  a  power  transmitting  section  3,  two  plungers  7 
and  8,  a  pressure  sensor  9,  and  a  liquid  bottle  17. 
the  control  section  2  includes  a  drive  circuit  4,  a 
pulse  control  5,  and  a  storage  6.  The  power  trans- 
mitting  section  3  includes  a  pulley  13  secured  to 
the  output  shaft  of  the  pulse  motor  1,  a  pulley  14 
secured  to  a  cam  shaft  16,  a  timing  belt  15  dis- 
posed  around  the  pulleys  13  and  14,  and  cams  11 
and  12  which  are  fixed  to  the  cam  shaft  16  in  such 
a  manner  as  to  assume  a  predetermined  phase 
relationship.  The  liquid  bottle  17  is  disposed  on  the 
input  side  of  the  plungers  7  and  8,  while  the 
pressure  sensor  9  is  disposed  on  the  output  side. 
As  shown  in  Fig.  1,  the  two  plungers  7  and  8  are 
connected  in  series.  The  plunger  7  which  is  dis- 
posed  at  an  upstream  location  is  provided  with  a 
check  valve  7a  and  has  a  capacity  larger  than  that 
of  the  other  plunger  8  located  downstream.  Al- 
though  two  plungers  are  employed  in  this  embodi- 
ment,  a  single  plunger  may  alternatively  be  used. 
However,  ripples  will  be  larger  in  the  case  where  a 
single  plunger  is  used  than  in  the  case  where  two 
plungers  are  used. 

During  the  operation  of  the  pump  device,  the 
pulse  motor  1  drives  the  cam  shaft  16  through  the 
pulleys  13  and  14  and  the  timing  belt  15,  so  that 
the  cams  11  and  12  rotate  while  keeping  a  pre- 
determined  phase  relationship.  Consequently,  the 
plungers  7  and  8  repeat  suction  and  discharge 
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the  delivery  of  liquid  tends  to  suspend.  To  com- 
pensate  for  this  suspension,  the  cam  shaft  16  is 
rotated  at  a  doubled  speed  when  the  phase  have 
passed  120°  and  is  in  the  vicinity  of  120°.  How- 
ever,  the  starting:  point  and  the  duration  of  the 
double-speed,  driwng.  are  determined  in;  depen- 
dence  on  the  characteristics  of  the  pump  as  well  as 
the  pressure  resistance  of  a  flow  passage  con- 
nected  to  the  output  side.  Therefore,  the  deter- 
mination  is  carried  out  by  adopting  optimization- 
control  in  which  the  double-speed  driving  condi- 
tions  of  the  past  and  the  pulsation  condition  are 
stored  to  determine  double-speed  driving  condi- 
tions  successively. 

Figs.  3a  to  3c  are  time  charts  used  to  explain 
the  optimization  control  performed  in  the  embodi- 
ment  shown  in  Fig.  1.  Fig.  3a  is  a  time  chart 
illustrating  a  manner  of  the  optimization  control,  in 
which  a  discharge  pressure  at  a  point  at  which  the 
discharge  pressure  is  stable  in  one  period  is  com- 
pared  with  a  discharge  pressure  at  the  starting 
point  of  the  high  speed'  region,  and  in  which  the 
location  of  the  starting  point  of  the  high  speed 
retgion  in  the  next  period  is  determined  on  the 
basis  of  the  relationship  of  magnitudes  of  the 
above-mentioned  discharge  pressures  in  such  a 
manner  as  to  reduce  pulsations.  A  pressure  A  at  a 
pressure-stable  portion  in  one  period  and  a  pres- 
sure  B  at  a  timing  at  which  the  rotational  speed  of 
the  motor  was  doubled  are"  measured  and  stored. 
The  timing  at  which  the  double-speed  driving  will 
start  in  the  next  period,  that  is  the  timing  V,  is 
determined  in  the  following  manner  with  respect  to 
the  timing  at  which  the  double-speed  driving  was 
started  in  the  last  period,  that  is  to  the  timing  1  . 

(ai)  If  the  relationship  of  pressure  A  >  pres- 
sure  B  stands,  the  timing  1'  is  advanced  by  a 
predetermined  difference  from  the  timing  1. 

(a2)  If  the  relationship  of  pressure  B  >  pres- 
sure  A  stands,  the  timing  1'  is  delayed  by  a  pre- 
determined"  difference  from  the  timing  1. 

(a3)  If  the  relationship  of  pressure  A  =  pres- 
sure  B  stands,  the  timing  V  is  determined  to  be  the 
same  as  the  timing  1  . 

Fig.  3a  illustrates  the  case  (ai). 
Fig.  3b  is  a  time  chart  mainly  illustrating  a 

manner  of  the  optimization  control,  in  which  a  di- 
scharge  pressure  at  a  point  at  which  the  discharge 
pressure  is  stable  in  one  period  is  compared  with  a 
discharge  pressure  at  the  end  point  of  the  high 
speed  region,  and  in  which  the  location  of  the  end 
point  of  the  high  speed  region  in  the  next  period  is 
determined  on  the  basis  of  the  relationship  of  mag- 
nitudes  of  the  above-mentioned  discharge  pres- 
sures  in  such  a  manner  as  to  reduce  pulsations.  A 
pressure  A  at  a  pressure-stable  portion  in  one 
period  and  a  pressure  C  at  a  timing  at  which  the 
doubling  of  the  rotational  speed  of  the  motor  was 

terminated  are  measured  and  stored.  The  timing  at 
which  a  double-speed  driving  will  end  in  the  next 
period,  that  is  the  timing  2',  is  determined  in  the 
following  manner  with  respect  to  the  timing  at 

5  which  the  double-speed  driving  was  terminated  in 
the  last  period,  that  is,  to  the  timing  2. 

(bi)  If  the  relationship  of  pressure  A  >  pres- 
sure  C  stands,  the  timing  2'  is  delayed  by  a  pre- 
determined  difference  from  the  timing  2. 

to  (b2)  If  the  relationship  of  pressure  C  >  pres- 
sure  A  stands,  the  timing  2'  is  advanced  by  a 
predetermined  difference  from  the  timing  2. 

(bv3)  If  the  relationship  of  pressure  A  =  
pressure  C  stands,  the  timing  2'  is  determined  to 

15  be  the  same  as  the  timing  2. 
Fig.  3b  illustrates  the  case  (bi). 
Fig.  3c  mainly  illustrates  a  manner  of  the  op- 

timization  control  in  which  the  locations  of  the 
starting  point  and  end  point  of  a  high  speed  region 

20  are  determined.  Both  the  timings  V  and  2'  are 
determined  on  the  basis  of  the  values  of  pressures 
b  and  C  respectively  at  the  starting  point  and  end 
point  of  the  double  speed  driving  in  the  last  period. 
Fig.  3c  illustrates  a  case  which  is  a  combination  of 

25  the  cases  (ai)  and  (bi)  illustrated  in  Figs.  3a  and 
3b,  respectively. 

Fig.  4a  illustrates  a  manner  of  the  optimization 
control  in  which  the  starting  point  of  a  high  speed 
region  is  determined  on  the  basis  of  pressure  in- 

30  formation  obtained  during  the  last  period,  and  in 
which  the  end  point  of  the  high  speed  region  is 
determined  on  the  basis  of  pressure  information 
input  in  a  real-time  manner  during  the  high  speed 
region  in  the  current  period.  This  control  is  the 

35  same  as  the  control  shown  in  Fig.  3a  in  that  the 
starting  point  of  each  double-speed  driving  is  de- 
termined  on  the  basis  of  the  values  of  a  pressure 
by  at  the  starting  point  of  the  double-speed  driving 
in  the  previous  period  and  a  pressure  A  at  a 

40  pressure-stable  portion.  In  this  control,  however, 
the  end  point  of  each  double-speed  driving,  that  is 
the  timing  2  or  2',  is  always  determined  by  measur- 
ing,  in  a  real-time  manner,  the  inclination  with 
which  the  pressure  ripple  returns  to  the  original 

45  level,  that  is  the  angle  3  or  8'  shown  in  Fig.  4a,  and 
terminating  the  double-speed  driving  at  a  timing  at 
which  the  inclination  becomes  a  predetermined  val- 
ue.  This  predetermined  value  is  determined  in  ac- 
cordance  with  the  magnitude  of  the  pressure  A  at 

so  the  pressure-stable  portion  in  one  period.  More 
specifically,  the  predetermined  value  is  set  at  a 
large  value  when  the  pressure  A  is  large  and, 
hence,  the  pressure  ripple  is  large.  On  the  other 
hand,  the  predetermined  value  is  set  at  a  small 

55  value  when  the  pressure  A  is  small  and,  hence,  the 
pressure  ripple  is  small.  The  reatime  control  is 
adopted  only  with  respect  to  the  determination  of 
the  end  point  of  the  double  speed  driving  because, 
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in  general,  the  pressure  recovery  which  takes  place 
in  the  vicinity  of  the  ending  point  of  a  compression 
region  is  more  gradual  than  the  pressure  drop 
which  takes  place  in  the  starting  point  of  the  com- 
pression  region. 

Fig.  4b  is  a  time  chart  illustrating  a  manner  of 
the  optimization  control  in  which,  in  the  same  way 
as  the  control  shown  in  Fig.  4b,  the  starting  point  of 
a  high  speed  region  is  determined  on  the  basis  of 
pressure  information  obtained  during  the  last  pe- 
riod,  and  the  end  point  of  each  high  speed  region 
is  on  the  basis  of  pressure  information  input  in  a 
real-time  manner  during  the  high  speed  region  in 
the  current  period.  This  control  is,  however,  dif- 
ferent  from  the  control  shown  in  Fig.  4a  in  that  the 
end  point  of  each  high  speed  region  is  determined 
by  detecting  the  vertex  at  the  bottom  of  the  pres- 
sure  ripple  in  the  current  period,  and  determining 
the  end  point  as  a  time  point  which  is  a  predeter- 
mined  phase  difference  past  the  detected  vertex. 
Since  the  real-time  detection  of  the  vertex  at  the 
bottom  of  a  pressure  ripple  is  easier  than  the  real- 
time  detection  of  the  inclination  of  a  pressure  rip- 
pie,  the  adoption  of  the  former  detection  can  sim- 
plify  the  detecting  system. 

Fig.  5  is  a  graph  illustrating  the  effect  of  the 
embodiment  of  the  present  invention.  The  data 
illustrated  in  Fig.  5  show  the  results  of  reducing 
pulsations  in  accordance  with  the  embodiment.  The 
liquid  has  pulsations  at  the  beginning  of  the  use  of 
the  pump  device  and  this  is  similar  to  a  conven- 
tional  pump  device.  However,  pulsations  are  gradu- 
ally  reduced  by  repeatingly  correcting  the  con- 
ditions  for  the  double-speed  driving  through  the 
optimization  control,  and  they  become  extremely 
low  after  at  least  1  minute  has  passed. 

As  described  above,  with  the  pump  device  in 
accordance  with  the  present  invention,  pulsations 
can  be  reduced  gradually  and  they  can  be  reduced 
to  a  completely  negligible  level  a  few  minutes  after 
the  actual  use  of  the  pump  device.  This  feature  of 
the  present  invention  enables  the  obtaining  of  liquid 
chromatography  data  of  higher  accuracy  than  con- 
ventional  data.  In  particular,  this  effect  can  be  ad- 
vantageously  exhibited  when  performing 
chromatography  which  tends  to  be  influenced  by 
pulsations,  such  as  ion  chromatography  (which 
uses  a  conductivity  detecting  device)  or  GPC 
(which  uses  an  Rl  detecting  device). 

by  said  pressure  detector  during  each  of  a  number 
of  periods;  and  pulse  control  means  for  creating,  in 
each  period,  a  high  speed  region  during  which  the 
rotational  speed  of  said  pulse  motor  is  increased, 

5  said  pulse  control  means  having  an  optimization 
function  which  determines,  on  the  basis  of  pressure 
information  which  was  obtained  during  the  last  pe- 
riod,  the  location  of  a  high  speed  region  in  each 
period  in  such  a  manner  as  to  reduce  pulsations. 

10  2.  A  low  pulsation  pump  device  according  to 
claim  1,  wherein  said  pressure  information  com- 
prises  a  discharge  pressure  at  a  time  point  at 
which  the  discharge  pressure  is  stable  in  one  pe- 
riod  and  a  discharge  pressure  at  the  starting  point 

rs  of  the  high  speed  region,  said  optimization  function 
comprising  comparing  said  pressures  and  deter- 
mining  the  location  of  the  starting  point  of  the  high 
speed  region  in  the  next  period  on  the  basis  of  the 
relationship  of  magnitudes  of  said  pressures  in 

20  such  a  manner  as  to  reduce  pulsations. 
3.  A  low  pulsation  pump  device  according  to 

claim  1,  wherein  said  optimization  function  com- 
prises  comparing  a  discharge  pressure  at  a  time 
point  at  which  the  discharge  pressure  is  stable  in 

25  one  period  with  a  discharge  pressure  at  the  end 
point  of  the  high  speed  region,  and  determining  the 
location  of  the  end  point  of  the  high  speed  region 
in  the  next  period  on  the  basis  of  the  relationship  of 
magnitudes  of  said  pressures  in  such  a  manner  as 

30  to  reduce  pulsations. 
4.  A  low  pulsation  pump  device  according  to 

claim  1,  wherein  said  optimization  function  com- 
prises  comparing  a  discharge  pressure  at  a  time 
point  at  which  the  discharge  pressure  is  stable  in 

35  one  period  with  discharge  pressures  at  the  starting 
and  end  points  of  the  high  speed  period,  and 
determining  the  location  of  the  starting  and  end 
points  of  the  high  speed  region  in  the  next  period 
on  the  basis  of  the  relatinship  of  magnitudes  of 

40  said  pressures  in  such  a  manner  as  to  reduce 
pulsations. 

5.  A  low  pulsation  pump  device  according  to 
claim  1,  wherein  said  optimization  function  com- 
prises  determining  the  starting  point  of  a  high 

45  speed  region  on  the  basis  of  pressure  information 
obtained  during  the  high  speed  region  in  the  last 
period,  the  end  point  of  the  new  high  speed  region 
being  determined  on  the  basis  of  pressure  informa- 
tion  input  in  a  real-time  manner  during  the  high 

50  speed  region  in  the  current  period. 
6.  A  low  pulsation  pump  device  according  to 

claim  5,  wherein  said  pressure  information  input 
during  the  high  speed  region  in  the  current  period 
is  the  inclination  with  which  the  pressure  ripple 

55  returns  to  normal. 

Claims 

1.  A  low  pulsation  pump  device  comprising:  a 
pulse  motor;  at  least  one  plunger  adapted  to  be 
driven  by  said  pulse  motor;  a  pressure  detector 
disposed  on  the  output  side  of  said  plunger;  mem- 
ory  means  for  storing  values  of  pressures  detected 
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7.  A  low  pulsation  pump  device  according  to 
claim  5,  wherein  said  pressure  information  input 
during  the  high  speed  region  in  the  current  period 
is  the  bottom  of  the  pressure  ripple. 

8.  A  low  pulsation  pump  device  according  to 
any  of  claims  1  to  7,  comprising  two  plungers 
connected  in  series  in  a  flow  passage. 
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