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Description 

Background  of  the  Invention 

The  present  invention  relates  to  medical  infu- 
sion  devices,  and,  more  particularly,  to  variable 
flow  rate  regulators  for  accurately  regulating  the 
effluent  flow  from  a  source  of  pressurized  fluid. 

Intravenous  or  other  parenteral  administration 
of  fluids  is  routinely  performed  in  hospitals,  other 
medical  facilities,  and  emergency  sites  in  the  field. 
Depending  upon  the  nature  of  the  infusate,  it  is 
desirable  for  the  clinician  to  be  able  to  accurately 
and  rapidly  select  an  appropriate  rate  of  delivery. 
For  example,  infusion  of  normal  saline  or  lactated 
Ringer's  solution  to  achieve  normovolemia  during 
surgery  or  following  trauma  is  typically  accom- 
plished  at  a  relatively  high  flow  rate.  On  the  other 
hand,  administration  of  certain  antiarrythmics  such 
as  Lidocaine  or  Procanamide  following  myocardial 
infarction  may  desirably  be  accomplished  at  any  of 
a  variety  of  relatively  slow  rates.  In  addition,  admin- 
istration  of  certain  antineoplastic  agents  must  be 
performed  at  a  very  slow  and  constant  rate  over  a 
prolonged  period  to  avoid  localized  necrosis  at  the 
infusion  site.  Even  the  IV  administration  of  antibiot- 
ics  is  desirable  in  some  circumstances,  at  relatively 
slow  delivery  rates  such  as  50  cc  over  90  minutes 
or  more.  Not  only  do  a  large  variety  of  situations 
exist  which  each  require  unique  flow  rates,  but  it 
may  also  be  desirable  in  certain  applications  to  be 
able  to  vary  the  flow  rate  once  infusion  has  com- 
menced. 

A  number  of  flow  regulators  have  been  devel- 
oped  from  the  simple  adjustable  clamp  and  count- 
ing  of  drips  per  minute  to  elaborate  peristolic  pump 
devices.  Nonetheless,  there  remains  a  need  for  a 
variable  flow  regulator  which  is  accurate,  capable  of 
providing  any  of  a  number  of  convenient  preselec- 
ted  flow  rates,  and  yet  which  is  inexpensive  to 
produce.  In  addition,  there  exists  a  need  for  such  a 
device  which  is  compact  and  simple  to  use,  there- 
by  accommodating  the  needs  in  the  operating 
room,  in  the  field,  and  of  the  ambulatory  patient, 
while  at  the  same  time  providing  for  precise  deliv- 
ery  rates  with  minimal  operator  error  and  offering 
tamper-proof  setting  of  the  flow  rate.  Moreover, 
there  exists  a  need  to  be  able  to  quickly  and 
accurately  confirm  the  flow  rate  setting  of  the  vari- 
able  flow  controller. 

EP-A-0270499  discloses  an  apparatus  for  con- 
trolling  fluid  flow  rate,  comprising  influent  and  ef- 
fluent  ports,  a  metering  plate  having  a  serpentine 
groove  formed  on  the  surface  thereof  and  provided 
in  the  flow  path  between  the  ports.  The  serpentine 
groove  has  an  influent  end  and  a  plurality  of  ef- 
fluent  apertures  spaced  along  its  length.  A  shunt  is 
also  provided,  which  is  rotatable  relative  to  the 

metering  plate  and  has  an  elongated  hole  which  is 
registrable  with  the  influent  end  of  the  serpentine 
groove  and  any  one  of  the  effluent  apertures  as  the 
shunt  is  rotated,  for  selectively  by-passing  at  least 

5  part  of  the  serpentine  groove  as  fluid  flows  from 
the  influent  port  to  the  effluent  port.  In  this  way,  the 
fluid  flow  rate  through  the  apparatus  can  be  regu- 
lated.  The  apparatus  also  comprises  a  "keep  vein 
open"  (KVO)  metering  plate  with  a  coiled  KVO 

io  groove  formed  thereon  along  which  fluid  can  flow 
from  the  influent  port  to  the  effluent  port. 

The  pre-characterising  part  of  Claim  1  is  based 
on  EP-A-0270499,  and  the  distinguishing  features 
of  the  present  invention  are  set  out  in  the  charac- 

75  terising  part  of  Claim  1  . 
WO-89/08787  is  part  of  the  state  of  the  art  for 

the  purposes  of  Article  54(3)  EPC  only. 
In  accordance  with  one  embodiment,  there  is 

provided  a  variable  rate  fluid  flow  controller  for 
20  providing  a  predetermined  delivery  rate  from  a 

pressurized  source  of  fluid,  comprising  a  housing 
having  an  influent  port,  an  effluent  port  and  at  least 
two  flow  restriction  paths  therebetween.  At  least 
two  valves  are  provided  in  the  housing,  each  valve 

25  associated  with  a  unique  flow  path,  and  a  movable 
cam  is  provided  for  selectively  opening  and  closing 
the  valves.  The  flow  paths  may  be  disposed  in 
series  or  parallel  relationship,  or  may  comprise  a 
single  length  of  flow  restriction  passageway  having 

30  an  influent  port  and  a  plurality  of  effluent  apertures 
disposed  along  its  length. 

Each  flow  path  is  optimally  provided  with  a 
pinch  valve,  which  preferably  comprises  a  movea- 
ble  wall  which  may  be  compressed  by  the  cam  to 

35  prevent  fluid  flow  through  the  associated  flow  path. 
Preferably,  a  piston  is  associated  with  each  pinch 
valve,  the  piston  moveable  from  a  first  position  in 
which  fluid  is  permitted  to  flow  through  the  valve 
and  a  second  position  in  which  a  flexible  dia- 

40  phragm  is  compressed  to  prevent  fluid  flow  through 
the  valve,  the  piston  being  moveable  between  the 
first  and  second  positions  in  response  to  the  rota- 
tional  position  of  the  cam. 

A  suitable  flow  regulator  for  use  with  the  fore- 
45  going  variable  rate  fluid  flow  controller  comprises  a 

first  plate  having  a  flow  channel  on  the  surface 
thereof,  and  a  second  plate  secured  to  the  surface 
of  the  first  plate  and  enclosing  the  flow  channel  to 
form  a  chip  having  a  capillary  tube  therethrough. 

50  An  influent  port  is  provided  on  the  chip  in  fluid 
communication  with  the  capillary  tube,  and  a  plural- 
ity  of  effluent  apertures  are  provided  on  the  chip, 
each  in  fluid  communication  with  the  capillary  tube 
at  a  different  distance  along  its  length  from  the 

55  influent  port. 
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Brief  Description  of  the  Drawings 

Figure  1  is  a  schematic  representation  of  an 
infusion  system  which  incorporates  a  flow  regula- 
tor. 

Figure  2  is  an  enlarged  perspective  view  of  a 
flow  regulator  according  to  one  embodiment. 

Figure  3  is  an  elevational  cross-sectional  view 
taken  along  the  lines  3-3  of  Figure  2,  of  a  flow 
regulator. 

Figure  4  is  an  exploded  perspective  view  of  the 
flow  regulator  illustrated  in  Figure  3. 

Figure  5  is  a  partial  cut-away  plan  view  of  a 
simplified  flow  regulating  wafer. 

Figure  6  is  an  elevational  sectional  view  along 
the  lines  6-6  of  the  flow  control  wafer  in  Figure  5. 

Figure  7  is  an  elevational  sectional  view  along 
the  lines  7-7  of  the  flow  control  wafer  in  Figure  5. 

Figure  8  is  an  overhead  view  of  the  preferred 
embodiment  of  the  control  wafer. 

Figure  9  is  an  enlarged  overhead  view  of  the 
filter  area  of  a  control  wafer  of  the  preferred  em- 
bodiment. 

Detailed  Description  of  Preferred  Embodiments 

Referring  to  Figure  1,  there  is  disclosed  an 
infusion  system  20  adapted  for  delivering  a  medi- 
cation  or  other  fluid  contained  in  a  source  26  to  a 
patient  (not  illustrated).  The  source  26  may  be  any 
of  a  variety  of  known  medication  dispensers,  from 
gravity  feed  IV  bags  to  mechanical  pumps.  Prefer- 
ably,  however,  the  fluid  source  will  be  a  relatively 
constant  pressure  delivery  system,  such  as  the 
Intermate®  elastomeric  bladder  infusion  pump  dis- 
closed  in  U.S.  Patent  No.  4,769,008  and  commer- 
cially  available  from  Infusion  Systems  Corporation 
of  Huntington  Beach,  California. 

The  infusion  system  20  further  comprises  a 
flow  regulator  22,  in  fluid  communication  with  the 
source  26  by  way  of  standard  IV  line  24.  Fluid  is 
conducted  from  the  flow  regulator  22  to  a  patient 
by  way  of  IV  line  25. 

The  downstream  end  28  of  IV  line  25  is  opti- 
mally  provided  with  a  standard  luer  connection  29 
or  other  connector  adapted  for  convenient  attach- 
ment  to  an  IV  needle,  piggyback  connection,  or  the 
like.  In  addition,  to  facilitate  connection  of  the  flow 
regulator  22  to  a  source  26,  the  upstream  end  31 
of  IV  line  24  is  provided  with  a  connector  30  which 
may  comprise  a  luer,  snap  fit,  or  other  convenient 
connector  known  in  the  art. 

Figure  2  illustrates  an  enlarged  perspective 
view  of  the  flow  regulator  22.  The  flow  regulator  22 
has  a  generally  circular  profile  when  viewed  from 
an  angle  normal  to  the  control  surface  23.  Surface 
23  is  provided  with  a  selector  knob  108  which  may 
be  rotated  through  a  series  of  positions  which 

provide  a  graduated  series  of  different  flow  rates. 
Optionally,  an  "off"  position  may  additionally  be 
provided  for  completely  interrupting  the  flow.  Rela- 
tive  position  of  the  knob  108  may  be  determined 

5  by  reference  marker  107  which  may  comprise  a 
painted  stripe  or  groove. 

Extending  radially  outwardly  from  the  knob  108 
is  an  annular  flange  109.  The  annular  flange  109  is 
optimally  provided  with  indicial  markings  1  1  1  which 

io  correspond  to  the  different  flow  rates  of  the  regula- 
tor  22. 

The  influent  channel  36  and  the  effluent  chan- 
nel  38  are  conveniently  coaxially  aligned  so  that 
they  may  function  as  pivots  for  transparent  cover 

is  39.  For  this  purpose,  a  collar  41  is  provided  on 
each  of  channels  36  and  38,  each  collar  41  having 
an  annular  recess  43  for  engaging  an  aperture  45 
in  cover  39.  In  this  manner,  cover  39  may  conve- 
niently  be  pivoted  to  expose  knob  108  for  selection 

20  of  a  flow  rate,  as  shown  in  Figure  2,  and  then 
pivoted  back  to  cover  knob  108  and  protect  against 
accidental  readjustment. 

Cover  39  is  thus  optimally  molded  from  any  of 
a  variety  of  rigid  thermoplastic  materials  such  as 

25  acrylic  or  styrene,  which  are  substantially  transpar- 
ent  to  visible  light  to  permit  viewing  of  the  selected 
flow  rate.  Optionally,  cover  39  may  be  provided 
with  a  locking  means  for  preventing  access  to 
control  knob  108  once  cover  39  has  been  rotated 

30  into  position. 
By  incorporating  a  transparent  housing  that 

rotates  to  cover  the  settings,  this  provides  for  the 
ready  visual  confirmation  of  the  settings.  In  addi- 
tion,  the  transparent  housing  may  be  permanently 

35  or  temporarily  locked  in  its  protective  position  to 
prevent  intentional  or  unintentional  tampering  with 
the  setting. 

Referring  to  Figure  3,  the  cover  39  is  shown  in 
its  protective  configuration  in  phantom,  and  influent 

40  IV  line  24  (shown  in  phantom)  terminates  in  an 
influent  channel  36  in  the  base  37  of  flow  regulator 
22. 

IV  line  24  may  be  secured  in  fluid  communica- 
tion  with  influent  channel  36  by  an  adhesive,  fric- 

45  tion  fit,  or  by  mechanical  locking  structures  such  as 
a  luer  lock,  as  may  be  desired  depending  upon  the 
intended  use.  Preferably,  the  flow  regulator  will  be 
provided  with  a  short  length  of  a  connection  line  24 
which  is  secured  to  influent  channel  36  by  an 

50  adhesive  material  such  as  a  quantity  of  a  urethane- 
based  UV  cured  epoxy  or  other  material  that  will  be 
substantially  inert  in  the  presence  of  a  pharmaceu- 
tically  active  material  to  be  dispensed  through  the 
flow  regulator  22. 

55  Although  many  physical  configurations  would 
be  acceptable,  the  base  37  preferably  comprises  a 
radially  symmetrical  body  such  as  a  generally  cy- 
lindrical  body,  best  illustrated  in  Figure  4.  All  of  the 

3 
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additional  major  components  of  the  flow  regulator 
22,  including  the  gasket  44,  the  valve  guide  86,  the 
hub  100,  the  knob  108,  and  flange  109  are  also 
preferably  substantially  radially  symmetrical  about 
a  common  axis  perpendicular  to  the  axial  end 
surface  of  the  base  37.  This  configuration  facilitates 
convenient  operation  of  a  rotational  control,  such  as 
knob  108,  as  will  be  discussed. 

Base  37  may  be  formed  in  any  of  a  variety  of 
methods  well  known  in  the  art,  such  as  by  injection 
molding  of  a  thermoplastic  resin.  Selection  of  ma- 
terials  is  not  critical,  as  long  as  the  components  of 
the  flow  regulator  are  comprised  of,  or  coated  with, 
a  material  which  is  substantially  inert  in  the  pres- 
ence  of  the  medicinal  fluid  to  be  conducted  there- 
through.  For  example,  acrylic  or  styrene  are  gen- 
erally  well  suited  for  this  purpose. 

Referring  to  Figures  3  and  4,  fluid  from  the 
source  26  is  driven  through  IV  line  24  and  into 
channel  36.  Channel  36  communicates  with  an 
influent  port  40,  which,  in  the  illustrated  embodi- 
ment  in  Figure  3,  is  perpendicularly  disposed  to 
the  longitudinal  axis  of  channel  36.  Port  40  termi- 
nates  at  an  interface  between  the  upper  surface  of 
base  37  and  an  adjacent  gasket  44. 

Fluid  exiting  port  40  passes  through  a  coaxially 
aligned  aperture  42  in  the  gasket  44.  The  gasket 
44  is  preferably  formed  from  an  elastomeric  ma- 
terial  which  exhibits  good  resilient  sealing  char- 
acteristics  as  will  be  described.  Suitable  materials 
for  the  gasket  include  known  vulcanized  synthetic 
polyisoprenes,  as  well  as  natural  latex  or  silicone 
rubber,  or  blends  of  natural  and  synthetic  rubber. 
Non-rubber  gasket  materials  may  also  be  used, 
either  with  a  rubber  coating  or  without,  provided  the 
gasket  is  capable  of  performing  its  function  of 
sealing  the  variety  of  flow  passages  therethrough. 

The  gasket  44  can  be  formed  by  punching 
from  a  stock  sheet  and  boring  or  etching  or  drilling 
such  as  by  mechanical  drill  or  by  laser  to  produce 
the  apertures  and  depressions  contained  thereon; 
or  by  known  molding  processes  as  will  be  appre- 
ciated  by  one  skilled  in  the  art.  Since  portions  of 
the  gasket  will  be  in  contact  with  the  medicinal  fluid 
delivered  through  the  flow  regulator,  at  least  those 
portions  (e.g.,  the  interior  of  aperture  42)  should  be 
composed  of,  or  coated  with,  a  material  which  will 
exhibit  suitable  stability  for  that  purpose. 

Although  any  of  a  variety  of  configurations  may 
be  selected,  the  gasket  is  preferably  radially  sym- 
metrical  to  accommodate  the  rotational  operation  of 
a  cam  96  on  the  lower  surface  of  knob  108,  as  will 
be  discussed.  In  the  illustrated  embodiment  as 
shown  in  Figure  4,  the  gasket  44  is  substantially 
circular  in  shape  so  that  it  will  fit  within  the  circular 
depression  52,  on  the  base  37,  formed  by  an 
annular  flange  54.  As  shown  in  Figure  4,  the  an- 
nular  flange  54  is  preferably  provided  with  an  in- 

terruption  to  form  guide  56  for  receiving  a  key  58 
extending  radially  outwardly  from  the  gasket  44  to 
facilitate  manufacturing  and  to  maintain  the  gasket 
44  in  proper  rotational  alignment  with  the  base  37. 

5  Although  not  shown,  alternative  rotational  alignment 
guides  can  be  used  such  as  one  or  more  apertures 
on  the  gasket  44  for  receiving  corresponding  pins 
extending  from  the  upper  surface  of  the  base  37. 

The  upper  surface  60  of  the  gasket  44  is 
io  provided  with  a  shallow  depression  62,  dimension- 

ed  to  receive  a  flow  control  wafer  46.  The  influent 
aperture  42  traverses  the  gasket  44  in  the  area  of 
the  depression  62  for  fluid  communication  with  the 
control  wafer  46.  In  addition,  a  plurality  of  effluent 

is  apertures  64  also  pass  through  the  gasket  44  in  the 
region  of  the  depression  62,  also  to  provide  fluid 
communication  with  the  control  wafer  46. 

Referring  to  Figures  5-7,  there  is  disclosed  a 
simplified  flow  control  wafer  46.  The  flow  control 

20  wafer  46  comprises  a  first  plate  112  having  a  fluid 
flow  channel  114  formed  thereon  such  as  by 
chemical  or  laser  etching  techniques.  The  channel 
114  is  enclosed  by  a  second  plate  120  secured  to 
the  grooved  surface  of  first  plate  112  to  form  a 

25  wafer  46  having  a  flow  restriction  passageway 
therethrough.  First  plate  112  preferably  comprises 
silicon,  for  reasons  which  will  become  apparent, 
although  other  materials  may  be  used. 

The  first  plate  112  is  preferably  rectangular  in 
30  shape  to  facilitate  handling  and  manufacturing  op- 

erations,  although  other  shapes  may  be  utilized  if 
desired.  Plate  112  has  a  thickness  of  from  about 
0.2  to  about  3  or  4  mm,  and  preferably  from  about 
0.2  to  about  2  mm.  The  plate  thickness  should  be 

35  at  least  sufficient  to  permit  etching  of  a  flow  chan- 
nel  of  the  desired  depth,  while  still  maintaining  the 
structural  integrity  of  the  plate  for  securing  to  the 
second  plate  120  and  mounting  in  the  flow  regula- 
tor  22. 

40  The  fluid  flow  channel  114,  and  other  flow 
channels  to  be  described,  may  be  formed  in  plate 
112  in  accordance  with  known  techniques.  In  the 
preferred  embodiment,  plate  114  is  a  silicon  wafer, 
and  all  fluid  flow  channels  are  preferably  formed 

45  thereon  by  a  single  operation  using  semiconductor 
processing  and  micromachining  techniques  such 
as  those  described  in  U.S.  Patent  No.  4,626,244  to 
Reinicke. 

The  first  plate  112  is  preferably  a  single  silicon 
50  crystal  in  which  the  [100]  plane  is  oriented  parallel 

to  the  surface  of  the  plate  112  in  which  the  flow 
restriction  grooves  are  to  be  formed.  It  has  been 
determined  that  the  use  of  an  anisotropic  etchant  is 
advantageous,  due  to  the  ability  of  such  etchants  to 

55  etch  at  different  rates  in  different  directions  along 
the  crystal  lattice.  This  characteristic  permits  for- 
mation  of  sharp  edges  and  corners  during  the 
etching  process.  A  variety  of  suitable  anisotropic 

4 
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etchants  are  known,  including  hot  alkaline  solutions 
such  as  aqueous  potassium  hydroxide,  aqueous 
sodium  hydroxide,  and  a  mixture  of  ethylene  dia- 
mine,  pyrocatchol  and  water,  commonly  known  as 
EDP. 

The  inherent  etching  characteristics  of  the 
above  etchants  in  the  silicon  crystal  permit  the 
etching  of  passageways  having  different  cross-sec- 
tional  areas  by  utilizing  a  mask  which  leaves  ex- 
posed  areas  on  the  silicon  wafer  of  different  widths. 
Regardless  of  the  starting  width,  as  the  etching 
operation  proceeds  the  sidewalls  of  the  grooves 
slope  inwardly  along  the  converging  [111]  planes  of 
the  silicon  wafer,  to  the  point  of  intersection  of  the 
[111]  planes,  as  will  be  understood  by  one  of  skill 
in  the  art.  Thus,  each  groove  which  is  etched  to 
completion  is  characterized  by  a  sharp  V  configura- 
tion,  with  all  of  the  wall  portions  of  the  grooves 
sloped  inwardly  and  downwardly  at  an  angle  of 
54.74°  relative  to  the  planar  surface  of  the  first 
plate  112. 

Preparation  of  low  velocity  flow  regions  such  as 
the  cavity  162,  is  accomplished  by  exposing  a 
much  wider  surface  area  of  the  crystal  to  the 
etchant  than  that  for  the  purpose  of  forming  the 
fluid  flow  channel  114.  Utilizing  the  above-men- 
tioned  anisotropic  etchants,  flat-bottomed  grooves 
can  be  formed  in  a  [100]  crystal  by  stopping  the 
etching  operation  prior  to  reaching  the  depth  cor- 
responding  to  the  point  of  intersection  of  the  con- 
verging  [111]  planes.  Thus,  under  the  same  etching 
conditions,  narrow  flow  restriction  passageways  can 
be  formed  having  precise  triangular  cross-sectional 
areas  due  to  the  convergence  of  the  [111]  planes, 
and  larger,  flat-bottomed  areas  can  be  formed  by 
halting  the  etching  process  at  a  depth  which  is 
prior  to  convergence  of  the  [111]  planes  which 
correspond  to  the  initial  width  of  the  area  exposed 
to  the  anisotropic  etchant. 

Optimally,  a  plurality  of  silicon  first  plates  112 
are  simultaneously  formed  from  a  single  large  sili- 
con  wafer.  After  the  etching  process,  a  second 
plate  120  is  preferably  secured  to  the  entire  wafer, 
as  will  be  discussed,  and  the  resultant  sandwich 
cut  into  a  plurality  of  control  wafers  46.  The  wafer 
may  be  cut  by  utilizing  a  diamond  saw,  or  by  laser 
cutting.  In  a  diamond  saw  process,  a  tape  is  ad- 
vantageously  placed  over  either  the  first  plate  112 
or  second  plate  120  depending  upon  which  has 
been  provided  with  the  influent  port  118  and  ef- 
fluent  apertures  122,  124,  126,  etc.  In  this  manner, 
dust  produced  during  the  sawing  process  will  not 
enter  the  capillary  groove  network. 

The  influent  port  118  and  apertures  122,  124 
and  126  may  either  be  mechanically  drilled  such 
as  by  an  abrasive  vapor  blasting  technique  or  they 
can  be  laser  drilled. 

Referring  to  the  representational  plan  view  of 
Figure  5,  the  plate  112  has  a  dimension  in  the  x- 
axis  direction  of  within  the  range  of  from  about  1  to 
about  20  mm,  and  the  y-axis  dimension  will  typi- 

5  cally  fall  within  the  same  range.  Preferably,  the 
plate  112  is  approximately  square,  having  an  x-axis 
and  y-axis  dimension  of  the  same  length,  from 
about  4  to  8  mm,  although  the  size  may  be  varied 
as  a  matter  of  design  choice  to  accommodate  the 

io  desired  flow  path  dimensions. 
As  shown  in  Figures  6  and  7,  a  second  plate 

120  is  sealingly  secured  to  the  etched  surface  of 
the  first  plate  112,  enclosing  the  flow  channel  114 
to  form  a  control  wafer  46  having  a  capillary  tube 

is  therein.  Sealing  of  the  second  plate  120  to  the  first 
plate  112  may  be  accomplished  by  electrobonding. 

Referring  to  Figure  5,  a  plurality  of  effluent 
apertures  122,  124,  126  are  formed  through  the 
first  plate  112,  intersecting  the  capillary  tube  at 

20  various  points  intermediate  the  influent  port  118 
and  the  downstream  end  119.  Because  the  rate  of 
flow  of  a  fluid  through  a  capillary  tube  is  a  function 
of  the  length  of  the  flow  path  as  will  be  described, 
each  tap  along  the  flow  path  will  be  associated  with 

25  a  different  distance  from  influent  port  118,  and, 
hence,  a  different  flow  rate. 

Thus,  as  shown  in  Figure  5,  the  flow  channel 
114  has  an  upstream  end  116,  a  downstream  end 
119  and  an  influent  port  118  extending  through  the 

30  first  plate  112,  for  providing  fluid  communication 
with  aperture  42  in  gasket  44.  The  length  of  flow 
channel  114,  the  overall  dimension  of  the  control 
wafer  46  and  the  slowest  delivery  rate  of  which  the 
system  is  capable  are  all  interrelated,  due  to  the 

35  known  relationship  of  the  flow  rate  through  a  capil- 
lary  tube  to  the  capillary  tube's  cross-sectional  area 
and  length.  This  relationship  is  mathematically  de- 
scribed  by  Poiseuille's  Law,  as  expressed  in  the 
equation: 

40 
Q  =  (Pr+)/8Ln 

for  a  capillary  having  a  circular  cross-sectional  in- 
ternal  area,  where  Q  is  the  flow  rate  in  cc/sec 

45  through  the  capillary  tube,  P  is  the  pressure  drop 
through  the  tube  in  dynes/cm2,  r  is  the  internal 
radius  of  the  tube  in  cm,  L  is  the  length  of  the  tube 
in  cm,  and  n  is  the  viscosity  in  poise.  The  flow  rate 
through  the  flow  channel  114  is  thus  a  function  of 

50  the  channel's  cross-sectional  area  and  the  chan- 
nel's  length,  each  of  which  can  be  varied  as  de- 
sired  to  accommodate  manufacturing  tolerances  or 
other  considerations.  Although  it  is  possible  to  per- 
form  a  series  of  calculations  to  determine  precise 

55  flow  rates  based  upon  flow  channel  dimensions,  it 
may  alternatively  be  desirable  to  empirically  mea- 
sure  flow  rates  and  optimize  dimensions  by  trial 
and  error. 

5 
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In  order  to  permit  a  length  of  capillary  tube 
which  may  be  greatly  in  excess  of  the  dimensions 
of  the  flow  control  wafer  46,  the  flow  channel  114 
may  advantageously  be  formed  into  a  spiral,  dou- 
bled  back  on  itself,  or  any  other  space  conserving 
pattern.  Thus,  the  pattern  illustrated  in  Figure  5  is 
but  a  simplified  representation  of  the  preferred 
rectangular  spiral  design  of  Figure  8.  By  simplified, 
it  is  meant  that  while  the  illustrated  channel  114  in 
Figure  5  goes  through  approximately  two  and  one- 
half  complete  revolutions,  the  channel  114  in  the 
preferred  embodiment,  as  shown  in  Figure  8,  is 
actually  contemplated  to  have  anywhere  from 
about  1  to  as  many  as  about  30  revolutions  or 
more,  depending  upon  the  cross-sectional  area  of 
the  channel  and  desired  rate  parameters. 

The  cross-sectional  configuration  of  the  flow 
channel  114,  illustrated  in  Figure  6,  is  essentially 
triangular  as  a  result  of  the  preferred  manufacturing 
technique.  However,  other  cross-sectional  configu- 
rations  may  be  utilized.  In  an  approximately  equi- 
lateral  triangular  configuration,  the  channel  will  opti- 
mally  have  side  lengths  within  the  range  from  .05 
to  about  .2  mm,  which  equate  to  a  cross-sectional 
area  of  within  the  range  of  from  about  .002  mm2  to 
about  .04  mm2. 

Selection  of  a  cross-sectional  area  for  the  flow 
channel  may  depend  upon  the  desired  range  of 
flow  rates  for  the  flow  regulator  22,  the  flow  chan- 
nel  pattern,  and  machining  or  other  processing 
tolerances  among  other  factors.  Although  there  is 
no  theoretical  lower  limit  to  the  cross-sectional  area 
of  the  flow  passageway,  the  smaller  sizes  are  more 
susceptible  to  blockage  and  possibly  viscosity  of 
the  fluid  will  have  a  more  profound  effect  so  that 
different  medications  would  behave  differently. 
Similarly,  there  is  no  theoretical  limit  to  the  maxi- 
mum  diameter  or  cross-sectional  area  of  the  flow 
channel,  except  that  at  a  certain  point  the  channel 
will  no  longer  restrict  the  flow  of  fluid  to  a  useful 
rate  as  will  be  readily  apparent  to  one  of  skill  in  the 
art. 

In  the  preferred  embodiment  of  the  control 
wafer  46,  as  shown  in  Figure  8,  flow  channel  140  in 
first  plate  112  is  in  fluid  communication  with  ap- 
erture  42  and  influent  port  40  of  the  base  37 
(Figure  3)  by  means  of  wafer  influent  port  118.  The 
first  plate  112  of  the  preferred  embodiment  of  the 
control  wafer  46  also  contains  a  filter  area  160, 
associated  with  the  upstream  end  of  flow  channel 
140,  and  also  high  flow  rate  channels  142  and  144, 
as  will  be  discussed. 

Referring  to  Figure  8,  the  filter  area  160  con- 
tains  a  low  velocity  cavity  162  and  a  plurality  of 
influent  filter  channels  166  as  shown  enlarged  in 
Figure  9.  Fluid  entering  the  control  wafer  146, 
through  the  wafer  influent  port  118  is  divided  into 
the  plurality  of  influent  filter  channels  166.  The 

influent  filter  channels  166  serve  to  restrain  any 
foreign  matter  of  size  sufficient  to  block  the  high 
flow  rate  channels  142,  144  or  the  low  flow  rate 
channel  140.  It  is  therefore  preferable  that  the 

5  influent  filter  channels  166  be  of  the  same  or,  more 
preferably,  of  smaller  cross-sectional  area  than  the 
low  flow  rate  channel  140.  The  number  of  filter 
channels  166  is  a  function  of  their  cross-sectional 
areas.  Optimally,  the  sum  of  the  areas  of  channels 

io  166  will  be  significantly  greater  than  that  of  flow 
channel  140,  so  that  the  filter  does  not  become  a 
rate  limiting  structure.  Thus,  the  preferred  embodi- 
ment  is  able  to  trap  foreign  particulate  matter  in  a 
filter  channel  166  without  effecting  the  desired  flow 

is  rate. 
After  passing  through  the  influent  filter  chan- 

nels  166,  the  fluid  enters  low  velocity  cavity  162. 
Cavity  162  functions  to  manifold  the  effluent  ends 
of  all  of  the  channels  166  for  introduction  into  flow 

20  channel  140.  In  addition,  cavity  162  may  provide 
some  further  filtration  due  to  the  reduced  velocity 
therein.  Because  of  the  large  cross-sectional  area 
of  cavity  162  as  compared  to  the  cross-sectional 
area  of  the  low  flow  rate  channel  140  or  either  of 

25  the  high  flow  rate  channels  142,  144,  the  fluid 
velocity  in  cavity  162  is  substantially  less  than  in 
flow  channels  140,  142,  144.  Thus,  the  low  fluid 
flow  velocity  in  cavity  162  may  permit  the  sedi- 
mentation  of  foreign  particular  matter  which  may 

30  have  passed  through  the  influent  filter  channels 
166. 

Referring  to  Figure  8,  the  preferred  embodi- 
ment  is  provided  with  a  flow  restriction  channel 
140.  Channel  140  is  in  fluid  communication  with  the 

35  cavity  162  by  means  of  a  filter  aperture  130.  The 
distal  end  of  channel  140  terminates  at  downstream 
end  150.  Positioned  between  filter  aperture  130 
and  downstream  end  150  are  a  plurality  of  ap- 
ertures  172,  174,  176,  178,  180,  and  182.  Any  one 

40  of  these  apertures  172,  174,  176,  178,  180,  and 
182  may  be  selectively  fluidly  connected  to  the 
effluent  port  50,  as  described  infra.  The  apertures 
172,  174,  176,  178,  180,  and  182  are  disposed 
along  the  length  of  the  low  flow  rate  channel  140 

45  such  that  each  aperture  is  disposed  at  a  preselec- 
ted  distance  along  flow  channel  140,  and  therefore 
corresponds  to  a  unique,  predetermined  flow  rate. 

For  example,  aperture  172  in  a  specific  em- 
bodiment  is  positioned  at  a  flow  channel  length  of 

50  approximately  10.29  cm  from  the  filter  aperture 
130,  the  flow  channel  140  having  a  cross-sectional 
area  of  approximately  .045  cm.  Assuming  all  other 
apertures  174,  176,  178,  180  and  182  are  closed, 
the  position  of  the  low  flow  rate  aperture  172  pro- 

55  vides  a  flow  rate  of  approximately  1.65  milliliters 
per  hour. 

Aperture  174  is  positioned  at  a  length  of  ap- 
proximately  5.13  cm  along  channel  140  from  filter 
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aperture  130.  If  all  other  effluent  apertures  along 
flow  channel  140  are  closed,  the  position  of  the  low 
flow  rate  aperture  174  provides  a  flow  rate  of 
approximately  3.03  milliliters  per  hour. 

Aperture  176  is  positioned  at  a  length  of  ap- 
proximately  3.43  cm  along  channel  140  from  filter 
aperture  130.  Thereby,  the  position  of  the  low  flow 
rate  aperture  176  provides  a  flow  rate  through  the 
aperture  176  of  approximately  4.95  milliliters  per 
hour. 

Similarly,  aperture  178  is  positioned  at  a  length 
of  approximately  1  .60  cm  along  low  flow  rate  chan- 
nel  140  from  the  filter  aperture  130.  Thereby,  the 
position  of  aperture  178  results  in  a  flow  rate 
through  the  aperture  178  of  approximately  10.6 
milliliters  per  hour. 

Aperture  180  is  positioned  at  a  length  of  ap- 
proximately  .724  cm  along  channel  140  from  ap- 
erture  130.  The  position  of  aperture  180  provides  a 
flow  rate  of  approximately  23.41  milliliters  per  hour. 

Finally,  aperture  182  is  positioned  at  a  length 
of  approximately  .176  cm  along  flow  channel  140 
from  the  low  flow  rate  channel  filter  aperture  130. 
Thereby,  the  position  of  the  aperture  182  provides 
a  flow  rate  of  approximately  50.0  milliliters  per 
hour.  As  will  be  appreciated  by  one  skilled  in  the 
art,  more  or  fewer  effluent  apertures  can  be  pro- 
vided,  at  various  desired  flow  rates. 

For  providing  higher  flow  rates,  two  or  more 
flow  restriction  passageways  can  be  coupled  in 
parallel.  Thus,  high  flow  rate  channels  142  and  144 
are  provided  in  fluid  communication  with  cavity  162 
by  means  of  apertures  132  and  134,  respectively. 
The  high  flow  rate  channels  142  and  144  terminate 
at  downstream  ends  152  and  154  respectively. 
Positioned  between  the  filter  apertures  132,  134 
and  the  high  flow  rate  channel  downstream  ends 
152,  154  is  the  high  flow  rate  aperture,  170.  The 
high  flow  rate  aperture  170  is  in  communication 
with  both  high  flow  rate  channels  142  and  144. 

The  high  flow  rate  aperture  170  is  positioned  a 
length  of  .146  cm  along  the  high  flow  rate  channels 
142,  144  from  apertures  132,  134.  The  parallel  flow 
arrangement  effectively  doubles  the  area  of  the 
single  flow  path  to  provide  a  flow  rate  of  approxi- 
mately  100  mm  per  hour. 

An  alternative  design  (not  illustrated)  of  the 
control  wafer  46  can  be  constructed  having  a  plu- 
rality  of  discrete  flow  channels,  which  may  be 
arranged  so  that  they  are  substantially  parallel  to 
each  other,  or  radiate  from  a  central  location.  Each 
discrete  channel  is  provided  with  an  upstream  end 
which  is  in  valved  communication  with  the  fluid 
source,  and  a  downstream  end,  each  of  which  is 
conveniently  manifolded  to  a  common  effluent 
channel.  In  this  embodiment,  rotation  of  control 
knob  108  would  successively  increase  or  decrease 
the  number  of  flow  paths  through  which  fluid  would 

flow,  in  series  or  in  parallel  as  desired,  thereby 
affecting  the  overall  flow  rate.  In  a  multiple  channel 
embodiment,  the  channels  could  all  have  the  same 
cross-sectional  area,  or  differing  cross-sectional 

5  areas  can  be  provided.  The  valve  guide  86,  gasket 
44  and  other  components  of  the  flow  regular  22 
can  be  readily  adapted  to  all  of  the  foregoing 
variations  of  control  wafer  46. 

Moreover,  in  accordance  with  a  preferred  em- 
io  bodiment  of  the  present  invention,  the  flow  channel 

114  can  extend  along  more  than  a  single  surface  of 
plate  112,  or  along  additional  plates.  For  example, 
flow  channel  114  can  pass  through  an  aperture  (not 
illustrated)  in  plate  112  to  the  backside  thereof, 

is  which  can  be  provided  with  a  further  length  of  a 
flow  channel.  That  further  channel  would  be  en- 
closed  to  form  a  capillary  tube  by  the  addition  of  a 
third  plate  (not  illustrated)  secured  to  first  plate  112 
on  the  opposite  side  from  plate  120.  In  this  man- 

20  ner,  significant  design  flexibility  is  permitted  to 
accommodate  a  wide  variety  of  flow  restriction 
channel  lengths  and  designs. 

Referring  to  Figure  3,  when  the  control  wafer 
46  is  positioned  within  the  depression  62  of  the 

25  gasket  44,  the  aperture  42  aligns  with  the  influent 
port  118  on  the  control  wafer  46.  Fluid  passing 
from  the  influent  channel  36  through  the  port  40 
and  the  aperture  42  will  thus  proceed  to  enter  the 
flow  channel  140  by  way  of  the  influent  port  118. 

30  Each  of  the  effluent  apertures  172,  174,  176, 
178,  180  and  182  along  the  length  of  the  low  flow 
rate  channel  140  and  tap  170  of  the  high  flow  rate 
channels  142,  144  is  in  communication  with  a  cor- 
responding  effluent  aperture  64  in  the  depression 

35  62  of  the  gasket  44  (see  Figure  4).  Similarly,  each 
effluent  aperture  64  in  the  gasket  44  communicates 
with  a  corresponding  flow  channel  80  on  the  sur- 
face  of  base  37.  It  is  to  be  understood  that  each  of 
the  plurality  of  flow  channels  80  in  base  37  function 

40  in  a  similar  manner,  so  that  only  one  need  be 
described  in  detail  herein.  Effluent  aperture  64  in 
the  gasket  44  is  in  valved  communication  by  way 
of  the  flow  channel  80  and  the  valve  chamber  82 
with  common  drain  84  to  which  each  of  the  plural- 

45  ity  of  flow  channels  are  manifolded.  Thus,  fluid 
exiting  channel  140  by  way  of  any  of  effluent 
apertures  172,  174,  176,  178,  180  or  182  will  pass 
through  a  corresponding  channel  80  and  valve 
chamber  82  into  drain  84.  From  drain  84,  fluid  is 

50  directed  to  effluent  channel  38  by  port  50. 
As  shown  in  Figure  4,  in  order  to  form  a  valve 

in  each  of  valve  chambers  82,  a  valve  guide  86  is 
disposed  on  the  upper  side  of  the  gasket  44.  The 
valve  guide  86  may  be  injection  molded  or  die 

55  stamped  and  drilled  as  will  be  appreciated  by  one 
of  skill  in  the  art.  Although  it  may  be  convenient  to 
form  the  valve  guide  86  from  the  same  material  as 
base  37,  that  is  not  necessary  since  the  material  of 
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guide  86  will  not  contact  the  medicinal  fluid  and 
hence  need  not  exhibit  the  same  level  of  biocom- 
patibility  and  chemical  stability.  In  order  to  maintain 
the  correct  rotational  alignment,  the  valve  guide  86 
is  conveniently  provided  with  a  notch  87  which 
engages  a  pin  89  projecting  axially  upwardly  from 
annular  flange  54  on  base  37. 

The  valve  guide  86  contains  a  plurality  of  per- 
forations  88  therethrough,  preferably  radially  sym- 
metrically  distributed  about  the  periphery  of  the 
valve  guide  86  as  seen  in  Figure  4.  Corresponding 
to  each  perforation  88  in  the  valve  guide  86  is  a 
depression  90  in  the  gasket  44.  At  the  bottom  of 
depression  90,  there  remains  a  thin,  resilient  dia- 
phragm  92.  Depending  upon  the  thickness  and 
elasticity  of  the  gasket  44,  and  the  dimensions  of 
the  valve  chamber  82,  the  depression  90  may 
comprise  different  depths  or  be  eliminated  entirely 
as  will  be  appreciated  by  one  of  skill  in  the  art. 

Disposed  within  or  coaxially  above  each  per- 
foration  88  is  a  piston  94.  Piston  94  is  capable  of 
axial  reciprocating  movement  between  a  first  open 
position  and  a  second  closed  position.  When  in  the 
open  position,  in  which  the  diaphragm  92  is  rela- 
tively  planar,  fluid  in  the  flow  channel  80,  formed 
between  the  base  37  and  the  gasket  44,  flows 
freely  across  the  valve  chamber  82  and  into  the 
drain  84.  When  the  piston  94  is  forced  axially 
downwardly  into  the  second  position  by  lower  cam 
surface  96  on  knob  108,  which  will  be  discussed, 
the  piston  94  extends  through  the  perforation  88 
and  elastically  deforms  the  diaphragm  92  in  such  a 
manner  as  to  occlude  the  corresponding  valve 
chamber  82,  thereby  preventing  passage  of  fluid 
therethrough.  To  facilitate  the  sealing  function,  the 
terminal  end  98  of  the  piston  94  and  the  bottom  of 
valve  chamber  82  can  be  provided  with  comple- 
mentary  surface  configurations. 

In  an  alternate  embodiment  (not  illustrated),  the 
valve  chambers  82  and  fluid  passageways  80  and 
84  are  formed  into  the  bottom  side  of  the  gasket 
44.  This  embodiment  will  operate  in  substantially 
the  same  way  as  the  foregoing  embodiment,  as  will 
be  appreciated  by  one  of  skill  in  the  art. 

Although  each  of  the  plurality  of  pistons  94  can 
be  individually  formed  and  mounted  in  the  flow 
regulator  22,  or  take  the  form  of  spherical  beads  in 
a  race,  it  is  convenient  to  mold  them  into  a  unitary 
structure  such  as  that  illustrated  in  Figure  4.  In  this 
embodiment,  each  of  the  plurality  of  pistons  94  is 
radially  symmetrically  spaced  about  a  central  hub 
100  and  secured  thereto  by  means  of  a  resilient 
arm  102.  Each  piston  94  comprises  a  substantially 
tubular  body  terminating  at  its  terminal  end  98  in  a 
conical  taper  to  enhance  the  seal  formed  between 
the  diaphragm  92  and  the  valve  chamber  82. 

At  its  upper  end,  each  piston  is  provided  with  a 
radially  outwardly  extending  annular  collar  104.  The 

collar  104  functions  to  provide  an  enlarged  upper 
surface  106  for  slidably  engaging  the  lower  surface 
of  a  rotatable  annular  cam  96  which  may  be 
rotationally  positioned  by  a  selector  knob  108.  The 

5  lower  cam  surface  96  of  selector  knob  108  contains 
a  recess  110  for  receiving  any  one  of  the  plurality 
of  the  surfaces  106. 

When  assembled,  the  lower  surface  of  the  cam 
96  bears  down  upon  each  of  the  pistons  94,  there- 

io  by  closing  the  corresponding  valves,  except  for  a 
piston  94  which  is  radially  aligned  with  recess  110. 
The  resilient  property  of  the  diaphragm  92  together 
with  that  contributed  by  the  resilient  arm  102,  if 
used,  operate  to  provide  an  upward  bias  of  each 

is  piston  94  against  lower  cam  surface  96.  With  re- 
gard  to  any  piston  94  which  is  rotationally  aligned 
with  recess  110,  the  upward  bias  is  sufficient  to 
move  that  piston  into  the  "open"  position  with  the 
collar  104  disposed  within  recess  110.  In  this  man- 

20  ner,  the  corresponding  diaphragm  92  will  resume 
its  unstressed  state  and  the  corresponding  valve 
chamber  82  will  freely  permit  the  passage  of  fluid 
from  flow  channel  80  into  drain  84.  All  other  pistons 
will  be  in  the  "closed"  position  due  to  the  cam  96. 

25  Fluid  which  has  traversed  the  control  wafer  46 
and  an  open  valve  chamber  82  is  collected  in  the 
common  drain  line  84  and  forced  through  the  ef- 
fluent  port  50  (See  Figure  3)  into  the  effluent  chan- 
nel  38.  From  there,  the  fluid  is  conducted  via  IV 

30  line  25  to  the  patient. 
By  rotating  knob  108,  any  one  selected  valve 

may  be  opened,  while  maintaining  all  of  the  re- 
maining  valves  closed.  In  this  manner,  any  given 
one  of  the  preselected  lengths  of  the  capillary  tube 

35  in  the  control  wafer  can  be  selected.  Since  the 
effective  length  of  the  capillary  tube  is  the  rate 
regulating  step,  any  of  a  plurality  of  predetermined 
flow  rates  may  be  selected,  such  as  from  within  a 
range  of  from  1  milliliter  or  less  per  hour  at  the  low 

40  rate  end  to  100  milliliters  or  more  per  hour  at  the 
high  flow  rate  end  of  the  range.  For  example,  one 
flow  regulator  in  accordance  with  the  present  inven- 
tion  exhibited  flow  rates  of  approximately  2.08, 
4.17,  6.25,  12.5,  25,  50  and  100  milliliters  per  hour. 

45  The  selector  knob  108  is  provided  with  coil 
spring  101  which  has  a  tangentially  projecting  arm 
103.  The  spring  101  is  rotationally  secured  to  the 
interior  of  the  selector  knob  108  (See  Figure  3)  with 
the  arm  103  extending  radially  outwardly  into  the 

50  annular  recess  105  in  the  underside  of  annular 
flange  109.  The  recess  105  is  provided  with  radially 
inwardly  extending  teeth  (not  illustrated)  into  which 
the  arm  103  is  biased,  so  that  the  knob  108,  when 
rotated,  will  distinctly  snap  from  one  position  to  the 

55  next. 
Although  this  invention  has  been  described  in 

terms  of  certain  preferred  embodiments,  other  em- 
bodiments  that  are  apparent  to  those  of  skill  in  the 
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art  are  also  within  the  scope  of  this  invention. 
Accordingly,  the  scope  of  the  invention  is  intended 
to  be  defined  only  by  reference  to  the  appended 
claims. 

Claims 

1.  A  flow  controller  for  regulating  the  rate  of  flow 
from  a  source  of  fluid  under  pressure,  the  flow 
controller  comprising  a  housing  (37)  having  an 
influent  port  (36),  an  effluent  port  (38),  and  a 
fluid  flow  path  therebetween,  the  flow  path 
including  a  flow  restricting  means  (112)  for 
regulating  the  rate  of  flow,  the  restricting 
means  comprising,  either  a  plurality  of  flow 
restriction  channels  (140,142,144)  with  a  com- 
mon  influent  end  (118)  and  corresponding  ef- 
fluent  apertures 
(170,1  72,1  74,1  76,1  78,1  80,1  82),or  a  flow  restric- 
tion  channel  (114)  having  an  influent  end  (118) 
and  at  least  two  flow  restriction  portions  delin- 
eated  by  at  least  two  effluent  apertures 
(122,124,126)  along  its  length,  and  valve 
means  (44,86,94)  in  the  housing  associated 
with  the  effluent  apertures 
(1  22,1  24,1  26,1  70,1  72,1  74,  1  76,1  78,1  80,1  82), 
characterised  in  that  the  valve  means 
(44,86,94)  comprises  a  resilient  diaphragm  (44) 
and  a  plurality  of  valve  members  (94)  asso- 
ciated  with  respective  effluent  apertures 
(1  22,1  24,1  26,1  70,1  72,1  74,1  76,1  78,1  80,1  82) 
and  each  reciprocably  movable  between  a  nor- 
mally  closed  position,  in  which  the  diaphragm 
(44)  is  urged  by  the  valve  member  (94)  to 
close  the  associated  aperture,  and  an  open 
position,  in  which  the  valve  member  (94)  re- 
leases  the  diaphragm  (44),  and  control  means 
(96)  operable  selectively  to  move  any  one  of 
the  valve  members  (94)  to  its  open  position  to 
place  the  influent  port  (36)  in  fluid  communica- 
tion  with  the  effluent  port  (38)  by  way  of  a 
selected  flow  restriction  channel  or  a  selected 
flow  restriction  portion. 

2.  A  flow  controller  as  in  Claim  1,  comprising  a 
fluid  passageway  (80),  wherein  the  diaphragm 
(92)  forms  a  movable  wall  of  the  fluid  passage- 
way,  and  the  valve  members  are  operable  to 
compress  the  diaphragm  [92]  to  prevent  flow 
through  the  passageway  (80). 

3.  A  flow  controller  as  in  Claim  2,  wherein  the 
fluid  passageway  (80)  is  enlarged  in  cross- 
sectional  dimension  in  the  area  of  the  dia- 
phragm  to  form  a  valve  chamber  [82]  for  re- 
ceiving  the  diaphragm  [92]. 

4.  A  flow  controller  as  in  any  preceding  Claim, 
wherein  the  diaphragm  [92]  comprises  a  flexi- 
ble  elastomeric  material. 

5  5.  A  flow  controller  as  in  any  one  of  Claims  2  to 
4,  wherein  the  fluid  passageway  (80)  com- 
prises  a  groove  formed  on  the  surface  of  the 
housing  [37],  and  an  elastomeric  gasket  [44] 
for  enclosing  the  groove  to  form  the  fluid  pas- 

io  sageway  (80). 

6.  A  flow  controller  as  in  any  preceding  Claim, 
wherein  the  restricting  means  comprises 

(a)  a  first  plate  [112,  46]  having  either  said 
is  flow  restriction  channel,  or  plurality  of  chan- 

nels  (114,  140,  142,  144)  on  the  surface 
thereof; 
(b)  a  second  plate  [120],  secured  to  the 
surface  of  the  first  plate  [46,  112]  and  en- 

20  closing  either  the  flow  restriction  channel,  or 
plurality  of  channels  (114,  140,  142,  144)  to 
form  a  chip  having  either  a  capillary  tube,  or 
plurality  of  capillary  tubes  therethrough, 
wherein  the  influent  end  [118]  is  in  fluid 

25  communication  with  either  the  capillary 
tube,  or  plurality  of  capillary  tubes;  and  the 
effluent  apertures  [122,  124,  126,  170,  172, 
174,  176,  178,  180,  182]  are  in  fluid  com- 
munication  with  either  the  capillary  tube,  or 

30  plurality  of  capillary  tubes. 

7.  A  flow  controller  as  in  Claim  6,  wherein  the  first 
plate  (46,  112)  is  a  silicon  wafer. 

35  8.  A  flow  controller  according  to  any  preceding 
Claim,  wherein  the  control  means  is  a  movable 
cam  [96]. 

9.  A  flow  controller  as  in  any  preceding  Claim, 
40  wherein  the  flow  restriction  portions  are  dis- 

posed  in  a  series  relationship  between  the 
influent  and  effluent  ports  [36,  38]. 

10.  A  flow  controller  as  in  any  one  of  Claims  1  to 
45  8,  wherein  the  plurality  of  flow  restriction  chan- 

nels  (142,  144)  are  disposed  in  a  parallel  rela- 
tionship  between  the  influent  and  effluent  ports 
[36,  38]. 

50  11.  A  variable  flow  controller  as  in  Claim  8, 
wherein  the  cam  [96]  is  rotatable. 

12.  A  variable  flow  controller  as  in  Claim  11, 
wherein  each  valve  member  is  a  piston  [94] 

55  which  is  reciprocable  in  response  to  the  rota- 
tional  position  of  the  cam  [96]. 

9 
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Patentanspruche 

1.  DurchfluBregler  zum  Regeln  der  DurchfluBrate 
von  einer  Druckfluidquelle,  wobei  der  Durch- 
fluBregler  aufweist:  ein  Gehause  (37)  mit  einer 
ZufluBoffnung  (36),  einer  AbfluBoffnung  (38) 
und  einer  FluiddurchfluBbahn  dazwischen,  wo- 
bei  die  DurchfluBbahn  eine  DurchfluBbegren- 
zungseinrichtung  (112)  aufweist,  urn  die  Durch- 
fluBrate  zu  regeln,  die  Begrenzungseinrichtung 
entweder  eine  Vielzahl  von  DurchfluBbegren- 
zungskanalen  (140,  142,  144)  mit  einem  ge- 
meinsamen  ZufluBende  (118)  und  entspre- 
chenden  AbfluBoffnungen  (170,  172,  174,  176, 
178,  180,  182)  oder  einen  DurchfluBbegren- 
zungskanal  (114)  mit  einem  ZufluBende  (118) 
und  mindestens  zwei  DurchfluBbegrenzungs- 
bereichen  aufweist,  die  von  mindestens  zwei 
AbfluBoffnungen  (112,  124,  126)  entlang  ihrer 
Lange  begrenzt  sind,  und  eine  Ventileinrich- 
tung  (44,  86,  94)  in  dem  Gehause,  die  den 
AbfluBoffnungen  (122,  124,  126,  170,  172,  174, 
176,  178,  180,  182)  zugeordnet  ist,  dadurch 
gekennzeichnet,  dal3  die  Ventileinrichtung  (44, 
86,  94)  aufweist:  eine  elastische  Membran  (44) 
und  eine  Vielzahl  von  Ventilelementen  (94),  die 
jeweiligen  AbfluBoffnungen  (122,  124,  126, 
170,  172,  174,  176,  178,  180,  182)  zugeordnet 
und  jeweils  zwischen  einer  normalerweise  ge- 
schlossenen  Position,  in  der  die  Membran  (44) 
von  dem  Ventilelement  (94)  gedrangt  wird,  urn 
die  zugeordnete  Offnung  zu  schlieBen,  und  ei- 
ner  Offenposition  hin-  und  herbewegbar  sind, 
in  der  das  Ventilelement  (94)  die  Membran 
(44)  freigibt,  und  eine  Steuereinrichtung  (96) 
die  betatigbar  ist,  urn  eines  der  Ventilelemente 
(94)  selektiv  in  seine  Offenposition  zu  bewe- 
gen,  urn  die  ZufluBoffnung  (36)  durch  einen 
gewahlten  DurchfluBbegrenzungskanal  oder  ei- 
nen  gewahlten  DurchfluBbegrenzungsbereich 
in  Fluidverbindung  mit  der  AbfluBoffnung  (38) 
zu  bringen. 

2.  DurchfluBregler  nach  Anspruch  1,  der  einen 
Fluiddurchgang  (80)  aufweist,  wobei  die  Mem- 
bran  (92)  eine  bewegbare  Wand  des  Fluid- 
durchgangs  bildet  und  die  Ventilelemente  be- 
tatigbar  sind,  urn  die  Membran  (92)  zusam- 
menzudrucken,  urn  DurchfluB  durch  den 
Durchgang  (80)  zu  verhindern. 

3.  DurchfluBregler  nach  Anspruch  2,  wobei  der 
Fluiddurchgang  (80)  im  Bereich  der  Membran 
in  der  Querschnittsdimension  vergroBert  ist, 
urn  eine  Ventilkammer  (82)  zur  Aufnahme  der 
Membran  (92)  zu  bilden. 

4.  DurchfluBregler  nach  einem  der  vorhergehen- 
den  Anspruche,  wobei  die  Membran  (92)  ein 
flexibles  elastomeres  Material  aufweist. 

5  5.  DurchfluBregler  nach  einem  der  Anspruche  2 
bis  4,  wobei  der  Fluiddurchgang  (80)  eine  Nut, 
die  an  der  Oberflache  des  Gehauses  (37)  ge- 
bildet  ist,  und  eine  elastomere  Dichtung  (44) 
aufweist,  urn  die  Nut  zu  umschlieBen,  urn  den 

io  Fluiddurchgang  (80)  zu  bilden. 

6.  DurchfluBregler  nach  einem  der  vorhergehen- 
den  Anspruche,  wobei  die  Begrenzungseinrich- 
tung  aufweist: 

is  (a)  eine  erste  Platte  (112,  46),  die  entweder 
den  genannten  DurchfluBbegrenzungskanal 
oder  eine  Vielzahl  von  Kanalen  (114,  140, 
142,  144)  an  ihrer  Oberflache  hat; 
(b)  eine  zweite  Platte  (120),  die  an  der 

20  Oberflache  dar  ersten  Platte  (46,  112)  befe- 
stigt  ist  und  entweder  den  DurchfluBbegren- 
zungskanal  oder  die  Vielzahl  von  Kanalen 
(114,  140,  142,  144)  umschlieBt,  urn  einen 
Chip  zu  bilden,  durch  den  entweder  ein 

25  Kapillarrohr  oder  eine  Vielzahl  von  Kapillar- 
rohren  verlauft,  wobei  dar  ZufluBende  (118) 
in  Fluidverbindung  mit  entweder  dem  Kapil- 
larrohr  oder  der  Vielzahl  von  Kapillarrohren 
ist  und  die  AbfluBoffnungen  (122,  124,  126, 

30  170,  172,  174,  176,  178,  180,  182)  in  Fluid- 
verbindung  mit  entweder  dem  Kapillarrohr 
oder  der  Vielzahl  von  Kapillarrohren  sind. 

7.  DurchfluBregler  nach  Anspruch  6,  wobei  die 
35  erste  Platte  (46,  112)  eine  Siliciumscheibe  ist. 

8.  DurchfluBregler  nach  einem  der  vorhergehen- 
den  Anspruche,  wobei  die  Steuereinrichtung 
ein  beweglicher  Nocken  (96)  ist. 

40 
9.  DurchfluBregler  nach  einem  der  vorhergehen- 

den  Anspruche,  wobei  die  DurchfluBbegren- 
zungsbereiche  in  Reihenbeziehung  zwischen 
den  ZufluB-  und  AhfluBoffnungen  (36,  38)  an- 

45  geordnet  sind. 

10.  DurchfluBregler  nach  einem  der  Anspruche  1 
bis  8,  wobei  die  Vielzahl  von  DurchfluBbegren- 
zungskanalen  (142,  144)  in  Parallelbeziehung 

50  zwischen  den  ZufluB-  und  AbfluBoffnungen  (36, 
38)  angeordnet  sind. 

11.  Verstellbarer  DurchfluBregler  nach  Anspruch  8, 
wobei  der  Nocken  (96)  drehbar  ist. 

55 
12.  Verstellbarer  DurchfluBregler  nach  Anspruch 

11,  wobei  jedes  Ventilelement  ein  Kolben  (94) 
ist,  der  in  Abhangigkeit  von  der  Drehposition 
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des  Nockens  (96)  hin-  und  herbewegbar  ist. 

Revendicatlons 

1.  Dispositif  de  reglage  de  debit  pour  regler  le 
debit  a  partir  d'une  source  de  fluide  sous 
pression,  le  dispositif  de  reglage  de  debit  com- 
prenant  un  corps  (37)  ayant  un  orifice  d'entree 
de  fluide  (36),  un  orifice  de  sortie  de  fluide  (38) 
et  un  chemin  d'ecoulement  de  fluide  entre  ces 
derniers,  le  chemin  d'ecoulement  comportant 
des  moyens  de  limitation  d'ecoulement  (112) 
pour  regler  le  debit,  les  moyens  de  limitation 
comprenant  soit  une  pluralite  de  rainures  de 
limitation  d'ecoulement  (140,142,144)  avec  une 
extremite  d'entree  commune  (118)  et  des  trous 
de  sortie  correspondants 
(170,172,174,176,178,180,182),  soit  une  rainure 
de  limitation  d'ecoulement  (114)  ayant  une  ex- 
tremite  d'entree  (118)  et  au  moins  deux  parties 
de  limitation  d'ecoulement  delimitees  par  au 
moins  deux  trous  de  sortie  (122,124,126)  sur 
sa  longueur,  et  des  moyens  d'obturation 
(44,86,94)  places  dans  le  corps  et  associes 
aux  trous  de  sortie 
(1  22,1  24,1  26,1  70,1  72,1  74,1  76,1  78,1  80,1  82), 
caracterise  en  ce  que  les  moyens  d'obturation 
(44,86,94)  comprennent  une  membrane  elasti- 
que  (44)  et  une  pluralite  d'obturateurs  (94) 
associes  aux  trous  de  sortie  respectifs 
(1  22,1  24,1  26,1  70,1  72,1  74,1  76,1  78,1  80,1  82)  et 
deplagables  chacun  en  va-et-vient  entre  une 
position  normalement  fermee,  dans  laquelle  la 
membrane  (44)  est  pressee  par  I'obturateur 
(94)  de  maniere  a  fermer  le  trou  associe,  et 
une  position  ouverte  dans  laquelle  I'obturateur 
(94)  relache  la  membrane  (44),  et  des  moyens 
de  commande  (96)  actionnables  selectivement 
pour  amener  un  quelconque  des  obturateurs 
(94)  a  sa  position  ouverte,  afin  de  placer  I'orifi- 
ce  d'entree  (36)  en  communication  de  fluide 
avec  I'orifice  de  sortie  (38)  par  I'intermediaire 
d'une  rainure  de  limitation  d'ecoulement  choi- 
sie  ou  d'une  partie  de  limitation  d'ecoulement 
choisie. 

2.  Dispositif  de  reglage  de  debit  suivant  la  reven- 
dication  1,  comprenant  un  passage  de  fluide 
(80)  dans  lequel  la  membrane  (92)  forme  une 
paroi  mobile  du  passage  de  fluide,  et  les  obtu- 
rateurs  sont  actionnables  pour  comprimer  la 
membrane  (92)  de  maniere  a  empecher 
I'ecoulement  de  fluide  dans  le  passage  (80). 

ne  pour  former  une  chambre  d'obturateur  (82) 
de  reception  de  la  membrane  (92). 

4.  Dispositif  de  reglage  de  debit  suivant  une  quel- 
5  conque  des  revendications  precedentes,  dans 

lequel  la  membrane  (92)  est  en  une  matiere 
elastomere  souple. 

5.  Dispositif  de  reglage  de  debit  suivant  une  quel- 
io  conque  des  revendications  2  a  4,  dans  lequel 

le  passage  de  fluide  (80)  comprend  une  rainu- 
re  formee  sur  la  surface  du  corps  (37),  et  un 
joint  en  elastomere  (44)  pour  recouvrir  la  rainu- 
re  de  maniere  a  definir  le  passage  de  fluide 

15  (80). 

6.  Dispositif  de  reglage  de  debit  suivant  une  quel- 
conque  des  revendications  precedentes,  dans 
lequel  les  moyens  de  limitation  d'ecoulement 

20  comprennent  : 
(a)  une  premiere  plaque  (112,46)  compor- 
tant  ladite  rainure  de  limitation  d'ecoulement 
ou  une  pluralite  de  rainures 
(114,140,142,144)  dans  sa  surface  ; 

25  (b)  une  deuxieme  plaque  (120)  fixee  a  la 
surface  de  la  premiere  plaque  (46,112)  et 
recouvrant  la  rainure  de  limitation  d'ecoule- 
ment  ou  la  pluralite  de  rainures 
(114,140,142,144)  de  maniere  a  constituer 

30  une  pastille  ayant  un  tube  capillaire  traver- 
sal  ou  une  pluralite  de  tubes  capillaires 
traversants,  de  sorte  que  I'extremite  d'en- 
tree  (118)  est  en  communication  de  fluide 
avec  le  tube  capillaire  ou  la  pluralite  de 

35  tubes  capillaires  ;  et  les  trous  de  sortie 
(1  22,1  24,1  26,1  70,1  72,1  74,1  76,1  78,1  80,  1  82) 
sont  en  communication  de  fluide  avec  le 
tube  capillaire  ou  la  pluralite  de  tubes  capil- 
laires. 

40 
7.  Dispositif  de  reglage  de  debit  suivant  la  reven- 

dication  6,  dans  lequel  la  premiere  plaque 
(46,112)  est  une  pastille  de  silicium. 

45  8.  Dispositif  de  reglage  de  debit  suivant  une  quel- 
conque  des  revendications  precedentes,  dans 
lequel  les  moyens  de  commande  comprennent 
une  came  mobile  (96). 

50  9.  Dispositif  de  reglage  de  debit  suivant  une  quel- 
conque  des  revendications  precedentes,  dans 
lequel  les  parties  de  limitation  d'ecoulement 
sont  disposees  en  serie  entre  les  orifices  d'en- 
tree  et  de  sortie  (36,38). 

3.  Dispositif  de  reglage  de  debit  suivant  la  reven-  55 
dication  2,  dans  lequel  le  passage  defluide  10.  Dispositif  de  reglage  de  debit  suivant  une  quel- 
(80)  presente  une  dimension  de  section  trans-  conque  des  revendications  1  a  8,  dans  lequel 
versale  agrandie  dans  la  region  de  la  membra-  la  pluralite  de  rainures  de  limitation  d'ecoule- 
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ment  (142,144)  sont  disposees  en  parallele 
entre  les  orifices  d'entree  et  de  sortie  (36,38). 

11.  Dispositif  de  reglage  de  debit  variable  suivant 
la  revendication  8,  dans  lequel  la  came  (96)  5 
peut  tourner. 

12.  Dispositif  de  reglage  de  debit  variable  suivant 
la  revendication  1  1  ,dans  lequel  chaque  obtura- 
teur  est  un  piston  (94)  qui  se  deplace  en  va-et-  10 
vient  en  reponse  a  la  position  de  rotation  de  la 
came  (96). 
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