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dispensing  tube.  Expediently,  the  sucking  effect 
of  the  pump  in  the  dispensing  tube  may  be 
controlled  by  a  two-way  switch  valve. 

According  to  this  invention,  in  the  apparatus  for 
5  dispensing  and  pipetting  fluids  comprising  a 

pump  and  controlled  valve  means  in  a  tube  on  the 
pressure  side  of  the  pump,  the  pump  is  a  mul- 
tichannel  peristaltic  pump,  a  pressure  side  tube  of 
the  pump  is  connected  through  a  controlled 

10  switch  valve  to  a  fluid  container  on  the  suction 
side  of  the  pump  or  to  a  dispensing  tube,  and  a 
control  unit  is  attached  to  said  switch  valve  and  is 
electrically  connected  to  a  sensor  of  a  chopper 
fixed  to  an  axis  of  the  pump. 

15  In  a  preferred  embodiment  of  the  apparatus 
according  to  this  invention,  a  suction  side  tube  of 
the  pump  is  connected  through  an  additional 
controlled  switch  valve  either  to  said  fluid  con- 
tainer  or  to  a  dispensing  and  pipetting  tube.  A 

20  further  pressure  side  tube  may  be  connected  to 
the  fluid  container  and  a  further  suction  side  tube 
may  be  connected  through  the  additional  con- 
trolled  switch  valve  either  to  the  fluid  container  or 
to  the  pipetting  and  dispensing  tube. 

25  The  method  and  the  apparatus  according  to  this 
invention  have  the  advantage  that  the  fluid  can  be 
dispensed,  pipetted  and  diluted  in  a  most  con- 
venient  and  precise  way.  The  costs  for  manu- 
facturing  that  apparatus  and  for.  proceeding  in 

30  accordance  with  that  method  are  relatively  low. 
Further  details  of  this  invention  will  be 

described  hereinafter  with  reference  to  the 
attached  drawing.  In  the  drawing. 

Fig.  1  is  a  schematic  block  diagram  of  one 
35  embodiment  of  this  invention, 

Fig.  2  shows  another  embodiment,  and 
Fig.  3  illustrates  a  further  embodiment  of  the 

invention. 
The  apparatus  shown  in  Fig.  1  has  a  peristaltic 

40  pump  1,  a  fluid  container  2,  a  controlled  valve  3a, 
tubes  4b,  5a,  5b,  6  and  a  control  unit  7.  With  this 
system,  fluid  dispensing  can  be  carried  out 
according  to  the  method  of  this  invention. 

An  apparatus  capable  to  carry  out  pipetting  is 
45  shown  in  Fig.  2,  where  an  additional  controlled 

switch-valve  3b  is  built  into  the  sipping  side  of 
pump  1,  i.e.  into  tube  4a. 

In  Fig.  3,  an  embodiment  of  this  invention  for 
pipetting  and  consecutively  diluting  is  shown. 

so  Tubes  4d  and  5d  are  connected  to  another 
channel  of  the  peristaltic  pump  1. 

The  realisation  of  the  method  in  this  invention 
will  be  described  by  illuminating  the  operation  of 
the  apparatus.  In  Fig.  1,  the  peristaltic  pump  1 

55  delivers  the  contents  of  container  2  through  tubes 
4b,  5a  towards  controlled  valve  3a,  which  is 
closed  towards  tube"6  and  open  towards  tube  5b 
before  the  dispensing  cycle.  Thus,  a  constant  rate 
of  recirculation  is  maintained.  If  the  valve  3a  is 

60  switched  over  for  a  certain  period  of  time  deter- 
mined  by  the  control  unit  7  the  selected  amount 
of  liquid  leaves  the  dispensing  tube  6.  The  timing 
signal  for  the  control  unit  7  is  given  by  a  chopper 
fixed  to  the  axis  of  the  peristaltic  pump  1. 

65  The  frequency  of  the  impulses  is  preferably  unit 

Description 

The  invention  relates  to  a  method  for  dispens- 
ing,  pipetting  and  consecutively  diluting  fluids, 
primarily  for  analytical  laboratory  use,  wherein  a 
constant  stream  of  the  fluid  is  established  and 
maintained  in  a  part  of  a  tube  by  means  of  a  pump 
and  a  predetermined  amount  of  the  fluid  is 
dispensed  by  opening  valve  means  in  said  tube 
on  the  pressure  side  of  the  pump.  Furthermore, 
the  invention  relates  to  an  apparatus  for  dispens- 
ing  and  pipetting  fluids  comprising  a  pump  and 
controlled  valve  means  in  a  tube  on  the  pressure 
side  of  the  pump. 

The  commercially  available  numerous  auto- 
matic  laboratory  diluter-dispensers  utilize  almost 
in  all  cases  piston  syringes  and  servo-motor 
valves  as  disclosed  in  US—  A—  3  900  289, 
US—  A—  3  982  667  and  US—  A—  4  141  469. 

The  rare  peristaltic  pump  type  dispensers 
require  a  separately  operated  pump  head  for  each 
dispensing  channel.  In  order  to  dispense  more 
than  one  reagent,  precision  syringe  and  displace- 
ment  mechanism  is  needed  for  each  additional 
channel.  The  cost  requirement  in  this  latter  case 
can  be  multiple  compared  to  the  price  of  the 
multichannel  peristaltic  pumps.  Furthermore,  one 
of  the  main  difficulties  is  in  the  lack  of  indepen- 
dent  control  of  the  channels. 

From  US  —  A  —  3  419  358  a  method  for  diluting  a 
fluid  for  preparation  of  automatic  analysis  is 
known.  Sample  liquid  to  be  diluted  in  a  container 
and  sipped  therefrom  by  means  of  an  aspirator 
vacuum  pump.  The  vacuum  pump  is  operated  by 
a  pressure  medium  being  a  diluent  sipped  from 
another  container,  by  means  of  a  centrifugal 
pump.  Pressure  or  flow  rate,  respectively,  of  the 
diluent  have  to  be  exactly  set  for  maintaining  the 
desired  ratio  between  diluent  and  sample  liquid. 
This  is  achieved  by  two  valve  means  downstream 
the  centrifugal  pumps  since  the  centrifugal  pump 
is  not  capable  per  se  to  deliver  a  predetermined 
and  constant  amount  of  pressure  medium. 

The  main  object  of  this  invention  is  to  eliminate 
the  deficiencies  of  the  known  solutions  and  to 
provide  a  method  and  an  apparatus  with  which  a 
fluid  can  be  dispensed,  pipetted  and  diluted  in  a 
more  convenient  and  precise  way. 

According  to  this  invention,  this  object  is  solved 
in  such  a  way  that  in  the  method  as  described  in 
the  first  paragraph  hereinabove,  a  multichannel 
peristaltic  pump  is  used,  a  predetermined  amount 
of  the  fluid  is  sipped  by  opening  valve  means  in 
the  tube  on  the  suction  side  of  the  pump  for  an 
adequate  time,  a  predetermined  amount  of  the 
fluid  is  dispensed  by  opening  said  valve  means  in 
the  tube  on  the  pressure  side  of  the  pump,  and 
the  control  of  both  valve  means  is  influenced  by 
rotational  speed  fluctuations  of  the  pump  drive 
and/or  by  pulsation  of  the  pump. 

In  a  preferable  embodiment  of  the  method 
according  to  this  invention,  the  fluid  delivered  by 
the  pump  is  lead  through  a  controlled  two-way 
switch  valve  either  into  a  fluid  container  on  the 
suction  side  of  the  pump  or,  for  dispensing,  to  a 
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The  method  according  to  the  present  invention 
makes  it  possible  to  utilize  a  multichannel  peris- 
taltic  pump  and  more  controlled  valves  to  build 
different  systems  and  establish  further  additional 
operational  functions.  Thus,  automatic  titration 
will  be  possible  with  the  system  on  Fig.  1  if  an  end 
point  indicator  is  connected  to  the  control  unit. 

Claims 

1.  A  method  for  dispensing,  pipetting  and  con- 
secutively  diluting  fluids,  wherein  a  constant 
stream  of  the  fluid  is  established  and  maintained 
in  a  part  of  a  tube  by  means  of  a  pump  and  a 
predetermined  amount  of  the  fluid  is  dispensed 
by  opening  valve  means  in  said  tube  on  the 
pressure  side  of  the  pump, 

characterized  by 
using  a  multichannel  peristaltic  pump; 
sipping  a  predetermined  amount  of  the  fluid  by 

opening  valve  means  in  the  tube  on  the  suction 
side  of  the  pump  for  an  adequate  time; 

dispensing  a  predetermined  amount  of  the  fluid 
by  opening  said  valve  means  in  the  tube  on  the 
pressure  side  of  the  pump; 

influencing  control  of  both  valve  means  by 
rotational  speed  fluctuations  of  the  pump  drive 
and/or  by  pulsation  of  the  pump. 

2.  A  method  as  claimed  in  claim  1  ,  characterized 
in  that  the  fluid  delivered  by  the  pump  is  lead 
through  a  controlled  two-way  switch  valve  either 
into  a  fluid  container  on  the  suction  side  of  the 
pump  or,  for  dispensing,  to  a  dispensing  tube. 

3.  A  method  as  claimed  in  claim  2,  characterized 
in  that  the  sucking  effect  of  the  pump  in  the 
dispensing  tube  is  controlled  by  a  two-way  switch 
valve. 

4.  An  apparatus  for  dispensing  and  pipetting 
fluids  comprising  a  pump  and  controlled  valve 
means  in  a  tube  on  the  pressure  side  of  the  pump, 
characterized  in  that  the  pump  is  a  multichannel 
peristaltic  pump  (1),  a  pressure  side  tube  (5a)  of 
the  pump  (1)  is  connected  through  controlled 
switch  valve  (3a)  to  a  fluid  container  (2)  on  the 
suction  side  of  the  pump  (1)  or  to  a  dispensing 
tube  (6),  and  a  control  unit  (7)  is  attached  to  the 
switch  valve  (3a)  and  is  electrically  connected  to  a 
sensor  of  a  chopper  fixed  to  an  axis  of  the  pump 
(1). 

5.  An  apparatus  as  claimed  in  claim  4,  charac- 
terized  in  that  a  suction  side  tube  (4a)  of  the  pump 
(1)  is  connected  through  an  additional  controlled 
switch  valve  (3b)  either  to  the  fluid  container  (2)  or 
to  a  dispensing  and  pipetting  tube  (6c). 

6.  An  apparatus  as  claimed  in  claim  5,  charac- 
terized  in  that  a  further  pressure  side  tube  (5d)  is 
connected  to  the  fluid  container  (2)  and  a  further 
suction  side  tube  (4d)  is  connected  through  the 
additional  controlled  switch  valve  (3b)  either  to 
the  fluid  container  (2)  or  to  the  pipetting  and 
dispensing  tube  (6c). 

Patentanspriiche 

1.  Verfahren  fur  die  Ausgabe,  Pipettierung  und 

multiple  of  the  pulsation  frequency  of  the  pump, 
which  is  known  to  emanate  from  the  rollers  that 
lift  off  from  the  tubes  one  after  the  other.  The 
exact  time  of  the  valve  switching  has  to  be 
selected  in  such  a  manner  that  it  occurs  in  all  5 
cases  at  the  minimum  point  of  the  pulsation. 

This  can  be  achieved  by  delaying  the  said  signal 
or  by  fixing  the  signal  chopper  in  the  right  phase. 
In  this  manner,  the  minimum  dispensable  volume 
for  each  tube  diameter  of  the  pump  is  given  by  w 
the  distance  of  the  rollers  that  is  the  "length"  of 
the  pressure  pulses.  However,  with  a  pump 
having  a  negligible  pulsation  only,  the  frequency 
of  the  signal  chopper  and,  thus,  the  minimum 
dispensable  volume  is  limited  only  by  the  general  15 
technical  parameters. 

The  channels  of  a  multichannel  peristaltic 
pump  can  independently  be  equipped  with  con- 
trolled  valves  as  is  shown  in  the  figure.  Thus,  each 
channel  can  be  used  for  dispensing  indepen-  20 
dently  from  each  others  without  disturbing  the 
even  rotation  of  the  pump. 

The  pipetting  procedure  will  be  explained  with 
reference  to  Fig.  2.  Auxiliary  to  Fig.  1,  is  a  switch- 
valve  3b  connected  into  the  suction  side  of  the  25 
pump  1.  Switch-valve  3b  connects  the  suction 
side  tube  4a  either  through  tube  4b  to  the  fluid 
container  2  or,  in  the  other  setting  of  the  valve  3b, 
through  tube  6b  to  the  pipet  and  outlet  tube  6c. 
The  timing  signal  arrives  from  the  pump  1  and  30 
serves  as  a  basis  for  the  control  of  both  valves. 
The  pipetting  cycle  of  the  system  filled  already 
with  the  fluid  is  as  follows: 

In  the  preparatory  stage,  the  pump  1  is  circulat- 
ing  the  fluid  through  tubes  4a,  4b,  5a,  5b.  The  35 
pipet  tip  6c,  which  contains  some  microliter  air 
gap  (see  last  step  of  the  cycle)  is  immersed  into 
the  fluid  sample  to  be  pipetted.  At  that  time,  the 
control  unit  7  switches  over  the  valve  3b  for  a 
short  time,  or  for  an  appropriate  number  of  pulses  40 
and,  thus,  the  desired  amount  of  sample  will  flow 
into  tube  6c.  The  sipping  is  finished  and  the  pump 
works  through  tubes  4b  and  5b  again.  During  this 
time,  the  pipet  tip  6c  is  placed  above  the  approp- 
riate  vessel  and  dispensing  can  be  started.  This  45 
occurs  by  switching  over  the  valve  3a  in  the  same 
manner  as  described  with  Fig.  1.  If  pipetting  is 
carried  out  without  dilution,  the  active  time  of  the 
valves  3a  and  3b  is  equal.  In  the  case,  the  pipet  tip 
6c  can  be  flushed  by  a  small  amount  of  fluid  from  so 
inside.  The  flush  fluid  if  required  serves  for  the 
dilution  of  the  sample.  At  the  end  of  the  cycle,  a 
little  amount  of  air  can  be  sucked  by  switching 
over  valve  3b  for  a  short  time,  while  the  tip  is  held 
in  the  air.  55 

If  the  sample  to  be  pipetted  should  be  dis- 
pensed  with  a  larger  amount  of  diluting  fluid,  the 
total  pipetting  cycle  time  may  be  too  long  when 
using  the  arrangement  in  Fig.  2.  For  this  purpose, 
the  embodiment  of  Fig.  3,  built  up  in  a  different  so 
manner,  while  functionally  is  equivalent  to  that  of 
Fig.  2.  The  rate  of  outflow  is  determined  by  the 
cross  section  of  the  pump  tube  4a,  5a,  whereas 
the  inflow  sipping  rate  is  determined  by  the 
delivery  rate  of  the  pump  tube  4d,  5d.  65 
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tenu  dans  une  partie  d'un  tube  au  moyen  d'une 
pompe  et  une  quantite  predetermined  du  fluide 
est  distribute  grace  a  I'ouverture  de  moyens  en 
forme  de  soupape  situes  dans  ledit  tube  sur  le 

5  cote  refoulement  de  la  pompe, 
caracterise  en  ce  qu'il  consiste  a: 
utiliser  une  pompe  peristaltique  a  canaux  multi- 

ples; 
prelever  une  quantite  predeterminee  du  fluide 

10  en  ouvrant  les  moyens  en  forme  de  soupape 
situes  dans  le  tube  sur  le  cote  aspiration  de  la 
pompe,  pendant  un  intervalle  de  temps  appro- 
prie; 

distribuer  une  quantite  predeterminee  du  fluide 
15  en  ouvrant  lesdits  moyens  en  forme  de  soupape 

situes  dans  le  tube  sur  le  cote  refoulement  de  la 
pompe; 

influencer  la  commande  des  deux  moyens  en 
forme  de  soupapes  au  moyen  de  variations  de  la 

20  vitesse  de  rotation  du  dispositif  d'entrafnement 
de  la  pompe  et/ou  au  moyen  de  la  pulsation  de  la 
pompe. 

2.  Procede  selon  la  revendication  1,  caracterise 
en  ce  que  le  fluide  delivre  par  la  pompe  est 

25  envoye,  par  I'intermediaire  d'une  soupape  de 
commutation  bidirectionnelle  commandee,  soit 
dans  un  reservoir  de  fluide  situe  sur  le  cote 
aspiration  de  la  pompe  soit,  pour  la  distribution,  a 
un  tube  de  distribution. 

30  3.  Dispositif  selon  la  revendication  2,  caracte- 
rise  en  ce  que  I'effet  d'aspiration  de  la  pompe 
dans  le  tube  de  distribution  est  commande  par 
une  soupape  de  commutation  bidirectionnelle. 

4.  Dispositif  de  distribution  et  de  pipetage  de 
35  fluides,  comportant  une  pompe  et  des  moyens  en 

forme  de  soupape  commandes,  situes  dans  un 
tube  sur  le  cote  refoulement  de  la  pompe,  caracte- 
rise  en  ce  que  la  pompe  est  une  pompe  peristalti- 
que  (1)  a  canaux  multiples,  qu'un  tube  (5a)  situe 

40  sur  le  cote  refoulement  de  la  pompe  (1)  est 
raccorde  par  I'intermediaire  d'une  soupape  de 
commutation  commandee  (3a)  a  un  reservoir  de 
fluide  (2)  situe  sur  le  cote  aspiration  de  la  pompe 
(1),  ou  a  un  tube  de  distribution  (6),  et  une  unite 

45  de  commande  (7)  est  raccordee  a  la  soupape  de 
commutation  (3a)  et  est  reliee  electriquement  a 
un  capteur  d'un  hacheur  fixe  sur  un  axe  de  la 
pompe  (1). 

5.  Appareil  selon  la  revendication  4,  caracterise 
so  en  ce  qu'un  tube  (4a)  situe  sur  le  cote  aspiration 

de  la  pompe  (1)  est  raccorde  par  I'intermediaire 
d'une  soupape  de  commutation  commandee 
additionnelle  (3b)  soit  au  reservoir  de  fluide  (2), 
soit  a  un  tube  de  distribution  et  de  pipetage  (6c). 

55  6.  Appareil  selon  la  revendication  5,  caracterise 
en  ce  qu'un  autre  tube  (5d)  situe  sur  le  cote 
refoulement  est  raccorde  au  reservoir  de  fluide  (2) 
et  qu'un  autre  tube  (4d)  situe  sur  le  cote  aspiration 
est  raccorde  par  I'intermediaire  de  la  soupape  de 

60  commutation  commandee  additionnelle  (3b)  soit 
au  reservoir  de  fluide  (2),  soit  au  tube  de  pipetage 
et  de  distribution  (6c). 

fortlaufende  Verdunnung  von  FlCissigkeiten,  bei 
dem  ein  konstanter  Strom  der  Flussigkeit  mit  Hilfe 
einer  Pumpe  aufgebaut  und  in  einem  Teil  einer 
Rohre  erhaiten  wird  und  bei  dem  eine  festgelegte 
Menge  der  Flussigkeit  durch  das  Offnen  einer 
Ventilvorrichtung  in  der  Rohre  auf  der  Druckseite 
der  Pumpe  ausgegeben  wird, 

gekennzeichnet  durch 
den  Einsatz  einer  Mehrweg-Peristaltik-Pumpe; 
das  Ansaugen  einer  vorherfestgelegten  Menge 

der  Flussigkeit  durch  das  Offnen  der  Ventilvor- 
richtung  in  der  Rohre  auf  der  Saugseite  der 
Pumpe  fur  eine  angepafcte  Zeitspanne; 

die  Ausgabe  einer  festgelegten  Menge  der  Flus- 
sigkeit  durch  Offnen  der  Ventilvorrichtung  in  der 
Rohre  auf  der  Druckseite  der  Pumpe; 

die  Beeinflussung  der  Steuerung  der  beiden 
Ventilvorrichtungen  durch  Schwankungen  der 
Rotationsgeschwindigkeit  des  Pumpenantriebs 
und/oder  durch  Pulsieren  der  Pumpe. 

2.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  da(S  die  Flussigkeit,  die  durch  die  Pumpe 
gefordert  wird,  durch  ein  gesteuertes  Zwei-Wege- 
Ventil  entweder  in  einen  Flussigkeitsbehalter  auf 
der  Saugseite  der  Pumpe  oder  zur  Ausgabe  in 
eine  Ausgaberohre  geleitet  wird. 

3V  Verfahren  nach  Anspruch  2,  dadurch  gekenn- 
zeichnet,  daB  der  Saugeffekt  der  Pumpe  in  der 
Ausgaberohre  durch  ein  Zwei-Wege-Ventil 
gesteuert  wird. 

4.  Vorrichtung  fur  die  Ausgabe  und  Pipettierung 
von  Fliissigkeiten,  die  eine  Pumpe  und  eine 
gesteuerte  Ventilvorrichtung  in  einer  Rohre  auf 
der  Druckseite  der  Pumpe  aufweist,  dadurch 
gekennzeichnet,  dalS  die  Pumpe  eine  Mehrweg- 
Peristaltik-Pumpe  (1)  ist,  eine  Druckseiten  rohre 
(5a)  der  Pumpe  (1)  uber  ein  gesteuertes  Schalt- 
ventil  (3a)  mit  einem  Flussigkeitsbehalter  (2)  auf 
der  Saugseite  der  Pumpe  (1)  oder  mit  einer 
Ausgaberohre  (6)  verbunden  ist  und  eine  Steuer- 
einheit  (7)  an  dem  Schaltventil  (3a)  angebracht 
und  elektrisch  mit  einem  Sensor  einesZerhackers 
verbunden  ist,  der  an  der  Welle  der  Pumpe  (1) 
befestigt  ist. 

5.  Vorrichtung  nach  Anspruch  4,  dadurch 
gekennzeichnet,  dalS  eine  Saugseitenrohre  (4a) 
der  Pumpe  (1)  uber  ein  zusatzliches  gesteuertes 
Schaltventil  (3b)  entweder  mit  dem  Flussigkeits- 
behalter  (2)  oder  mit  einer  Ausgabe-  und  Pipet- 
tierrohre  (6c)  verbunden  ist. 

6.  Vorrichtung  nach  Anspruch  5,  dadurch 
gekennzeichnet,  daB  eine  weitere  Druckrohre  (5d) 
mit  dem  Flussigkeitsbehalter  (2)  verbunden  ist 
und  eine  weitere  Saugseitenrohre  (4d)  uber  ein 
zusatzliches  gesteuertes  Schaitventil  (3b)  entwe- 
der  mit  dem  Flussigkeitsbehalter  (2)  oder  mit  der 
Pipettier-  und  Ausgaberohre  (6c)  verbunden  ist. 

Revendications 

1.  Procede  pour  la  distribution,  le  pipetage  et  la 
dilution  consecutive  de  fluides,  selon  lequel  un 
ecoulement  constant  du  fluide  est  etabli  et  main- 
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