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©  Apparatus  for  detecting  air  in  a  fluid  pumping 
cassette  (10)  having  a  fluid  inlet  (18),  a  fluid  outlet,  a 
rigid  housing  (12,14,16)  formed  of  two  housing  por- 
tions  (12,14)  with  an  elastomeric  member  (16)  there- 
between,  a  source  of  oscillating  energy  (54)  and  a 
receiver  of  oscillating  energy  (56)  whereat  a  portion 
(30)  of  the  elastomeric  member  (16)  is  extending 
through  an  opening  in  one  (12)  of  said  housing 
portions  (12,14),  and  together  with  the  housing  por- 
tions  (12,14),  defining  a  fluid  passage  (40),  one  end 
of  the  fluid  passage  (40)  being  in  fluid  communica- 
tion  with  the  fluid  inlet  (18),  the  other  end  of  the  fluid 
passage  (40)  being  in  communication  with  the  fluid 
outlet.  The  source  of  oscillating  energy  (54)  is 
spaced  apart  from  the  receiver  of  oscillating  energy 
(56),  the  sheet  member  (16)  being  disposed  between 
the  source  (54)  and  the  receiver  (56)  and  in  contact 
with  both,  so  that  a  liquid  within  the  fluid  passage 
(40)  provides  for  a  more  efficient  coupling  of  the 
oscillating  energy  from  the  source  (54)  to  the  re- 
ceiver  (56)  than  does  air. 
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The  present  invention  relates  to  an  apparatus 
for  detecting  the  presence  of  air  or  a  gas  in  a 
delivery  conduit  of  a  fluid  pumping  cassette.  The 
apparatus  of  the  present  invention  is  particularly 
suited  as  a  low  cost  air-in-line  detector  in  intra- 
venous  flow  control  equipment  for  delivering  intra- 
venous  fluid  to  patients. 

In  administering  intravenous  fluid  to  patients,  it 
is  important  to  monitor  the  fluid  being  administered 
for  the  presence  of  air  because  if  air  is  infused  into 
a  patient,  an  embolism  can  occur.  Air  can  be 
introduced  into  a  system  through  a  leak  in  a  tubing 
connector,  through  a  crack  in  the  equipment,  or 
when  the  container  from  which  the  fluid  is  delivered 
is  emptied.  In  some  cases,  particularly  with  flexible 
walled  IV  containers,  the  container  is  not  com- 
pletely  filled  at  the  factory,  leaving  an  air  space. 
This  air  may  be  infused  into  the  patient  if  the  fluid 
is  delivered  with  a  volumetric  pump. 

However,  optical  detectors  can  often  produce 
false  air-in-line  signals  when  the  tube  or  conduit  is 
actually  filled  with  liquid.  Some  IV  fluids  scatter  and 
do  not  focus  light,  particularly  IV  fluids  which  con- 
tain  particulates.  Some  IV  fluids  may  be  semi- 
opaque.  The  result  is  that  the  detector  cannot  dis- 
tinguish  between  a  liquid  filled  and  an  air  filled 
conduit. 

Furthermore,  optical  detectors  of  the  type  de- 
scribed  above  require  the  use  of  clear  plastics  in 
the  liquid  conduit.  However,  many  useful  medical 
grade  plastics  are  not  clear,  so  an  optical  detector 
cannot  be  used  with  them. 

Therefore,  it  is  an  aim  of  the  present  invention 
to  provide  for  an  apparatus  for  detecting  air  such 
that  the  apparatus  does  not  require  the  use  of  clear 
plastics  in  the  apparatus  fluid  conduit  and  such  that 
the  apparatus  provides  for  reliable  air  detection 
even  if  the  fluid  flowing  through  the  conduit  con- 
tains  particulates  or  is  semi-opaque. 

Within  above  aim,  it  is  an  object  of  the  present 
invention  to  provide  for  an  air  detector  comprising 
a  source  and  a  corresponding  receiver  which  are  in 
a  good  energy  coupling  relation  with  the  apparatus 
fluid  conduit. 

Above  aim  and  object,  as  well  as  other  objects 
which  will  become  apparent  hereinafter  are 
achieved  by  an  apparatus  for  detecting  the  pres- 
ence  of  air  in  a  delivery  conduit  of  a  fluid  pumping 
cassette  as  defined  in  the  accompanying  claims. 

The  apparatus  according  the  present  invention 
includes  an  air-in-line  detection  assembly  including 
an  elastomeric  member  with  a  fluid  passage  there- 
through  and  having  a  pair  of  resilient  lobes  extend- 
ing  in  opposite  direction  therefrom  and  having  a 
fluid  passageway  therethrough.  An  ultrasonic  sound 
generator  and  an  ultrasonic  sound  receiver  are 
spacedly  positioned  from  and  face  each  other.  The 
elastomeric  member  is  positioned  between  the 

sound  generator  and  receiver  and  the  sound  gener- 
ator  and  receiver  are  spaced  such  that  the  lobes 
are  compressed  inwardly  of  the  elastomeric  mem- 
ber  so  that  each  lobe  maintains  close  contact  with 

5  one  of  the  sound  generator  and  receiver.  The 
present  invention  provides  an  ultrasonic  detector 
which  is  reliable,  easy  to  manufacture,  and  allows 
the  member,  through  which  fluid  flows,  to  be  read- 
ily  engaged  with  and/or  disengaged  from  the  ultra- 

io  sonic  detector. 
These  and  other  advantages  of  the  present 

invention  will  become  apparent  from  the  following 
description  of  a  currently  preferred  embodiment 
which  is  shown  by  way  of  non-limitative  examples 

75  in  the  accompanying  drawings  wherein: 
FIGURE  1  is  a  perspective  view  of  a  disposable 
pump  cassette  featuring  one  aspect  of  the 
present  invention  together  with  ultrasonic  detec- 
tors  of  the  present  invention. 

20  FIGURE  2  is  a  cross  section  of  one  of  the 
ultrasonic  detectors  of  FIGURE  1  taken  along 
the  plane  of  line  ll-ll  of  FIGURE  1; 
FIGURE  3  is  a  cross  section  taken  along  the 
plane  of  line  Ill-Ill  of  FIGURE  1; 

25  FIGURE  3A  is  a  cross-sectional  view  of  the 
components  of  FIGS.  2  and  3  shown  in  engaged 
position; 
FIGURE  4  is  a  cross  section  taken  along  the 
plane  of  line  IV-IV  FIGURE  3; 

30  FIGURE  5  is  a  perspective  view  of  the  ultrasonic 
sound  generator  and/or  the  ultrasonic  sound  re- 
ceiver  employed  in  the  ultrasonic  detector  of 
FIGURE  2; 
FIGURE  6  is  a  cross  section  taken  along  the 

35  plane  of  lines  VI-VI  of  FIGURE  5; 
FIGURE  7  is  a  cross  section  taken  along  the 
plane  of  line  VII-VII  of  FIGURE  5; 
FIGURE  8  is  a  schematic  of  the  circuitry  used  in 
the  air-in-line  detection  system  of  the  present 

40  invention;  and 
FIGURE  9  is  a  graph  of  the  frequency  response 
of  a  piezoelectric  chip. 
The  present  invention  is  an  ultrasonic  air-in-line 

detector  system  particularly  adapted  for  use  with  a 
45  disposable  intravenous  fluid  pumping  cassette  dis- 

closed  in  European  Patent  Application  Serial  No. 
88  106  575.9  entitled  Disposable  Fluid  Infusion 
Pumping  Chamber  Cassette  (inventor  Giovanni 
Pastrone)on  an  even  date  herewith,  the  disclosure 

50  of  which  is  incorporated  herein  by  reference.  The 
pumping  cassette  10  includes  a  rigid  face  member 
12  and  a  rigid  back  member  14  with  elastomeric 
member  16  positioned  therebetween  (FIGS.  3-4). 
The  cassette  includes  an  inlet  18  to  receive  fluid 

55  from  a  fluid  source  (not  shown)  and  an  outlet  (not 
shown)  for  delivering  fluid  at  a  positive  pressure  to 
the  patient.  Between  the  inlet  and  outlet  is  a  fluid 
path  20  (FIG.  4)  through  air-in-line  detection  means 
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22,  24  which  project  outwardly  from  the  surface  of 
face  member  12.  Air-in-line  detection  means  22 
engages  an  ultrasonic  detector  26.  Air-in-line  de- 
tection  means  24  engages  ultrasonic  detector  28. 
Air-in-line  detection  means  22  is  identical  to  air-in- 
line  detection  means  24,  so  only  one  of  them  will 
be  described  in  detail.  Likewise,  ultrasonic  detector 
26  is  structurally  the  same  as  ultrasonic  detector 
28,  so  only  the  former  will  be  described.  Basically, 
the  fluid  path  through  the  cassette  passes  through 
both  air-in-line  detection  means  22  and  24,  and 
ultrasonic  detectors  26  and  28  are  adapted  to  de- 
tect  the  presence  of  air  being  pumped  through 
pumping  cassette  10  to  prevent  air  from  being 
pumped  into  the  patient. 

Air-in-line  detection  means  22  includes  a  pock- 
et  30  formed  integrally  as  part  of  elastomeric  mem- 
ber  16.  Pocket  30  extends  through  an  opening  32 
in  face  member  12  and  projects  outwardly  beyond 
the  surface  of  face  member  12.  (FIGS.  1,  3,  3A. 
and  4).  Pocket  30  has  a  hollow  recess  34  within  it 
which  is  formed  within  two  sidewalls  35  and  35' 
and  an  arcuate  endwall  38.  A  finger  36  projects 
from  the  inner  surface  of  back  member  14  into 
recess  34  and  fits  interferingly  between  sidewalls 
35  and  35',  but  does  not  contact  endwall  38.  Rath- 
er,  a  fluid  passage  40  is  formed  between  the  inside 
surfaces  of  endwall  38  and  the  perimeter  of  finger 
36  which  forms  part  of  the  fluid  path  20  through  the 
cassette.  Fluid  passage  40  allows  the  fluid  flowing 
through  fluid  path  20  in  the  cassette  to  loop  out- 
wardly  from  the  surface  of  face  member  12  so  that 
any  air  in  the  fluid  path  can  be  detected  by  an 
ultrasonic  detector  26  (or  28)  outside  of  the  cas- 
sette.  Ultrasonic  detectors  26  and  28  are  to  be 
mounted  on  a  cassette  driver,  a  nondisposable 
item,  whereas  the  cassette  is  inexpensive  and  dis- 
posable  after  each  use. 

Ultrasonic  detector  26  includes  two  substan- 
tially  mirror  image  housing  portions  42  and  44. 
Housing  member  42  is  generally  L-shaped  and  is 
joined  to  the  mirror  imaged  L-shaped  housing  44  at 
the  bottom  of  the  L's  so  as  to  form  a  U-shaped 
housing  assembly  with  recess  46  between  the 
arms  of  the  U  adapted  to  receive  air-in-line  detec- 
tion  means  22.  On  one  side  of  recess  46,  housing 
portion  42  has  an  opening  48,  while  on  the  other 
side  of  recess  46,  housing  portion  44  has  an  open- 
ing  50.  Housing  members  42  and  44  are  hollow, 
each  containing  a  passage  52  for  the  necessary 
electrical  pins  described  below.  Positioned  across 
opening  48  is  an  ultrasonic  generator  54,  facing  an 
ultrasonic  receiver  56  positioned  in  opening  50 
across  recess  46.  Ultrasonic  generator  54  is  struc- 
turally  the  same  as  ultrasonic  receiver  56,  so  only 
ultrasonic  generator  54  will  be  described. 

Ultrasonic  generator  54  (FIG.  5-7)  includes  a 
substrate  58,  preferably  made  of  glass  coated  on 

one  side  with  a  conductive  layer  60,  preferably  a 
layer  of  gold.  Conductive  layer  60  includes  three 
sections  62,  64,  and  66  which  are  electrically  iso- 
lated  from  one  another  with  a  gap  68  between 

5  regions  62  and  64  and  between  regions  64  and  66, 
and  a  gap  70  which  divides  regions  60  and  62.  A 
chip  72  made  of  a  piezoelectric  material  such  as 
lead  zirconate  titanate  (PZT),  preferably  a  Murata 
P7  or  Valpey-Fisher  PZT-5H  piezoelectric  crystal, 

io  is  adhered  to  conductive  layer  60  with  a  conductive 
epoxy  adhesive,  and  is  positioned  such  that  one 
face  of  chip  72  overlays  at  least  a  portion  of  layer 
region  64,  but  the  same  face  does  not  contact 
layer  region  66.  A  conductive  filament  74  extends 

is  from  the  opposite  face  of  chip  72  to  layer  region 
66,  establishing  an  electrical  connection  there- 
between. 

An  electrically  conductive  pin  76  is  electrically 
connected  to  layer  region  64  while  a  pin  78  is 

20  electrically  connected  to  layer  region  66.  This  elec- 
trical  connection  is  accomplished  by  glueing  each 
pin  to  the  appropriate  region  with  an  electrically 
conductive  epoxy  adhesive  75  (Figs.  2,  3A  and  5). 
When  the  assembly  shown  in  FIGS.  5-7  is  used  as 

25  an  ultrasonic  generator,  an  electrical  signal  having 
a  frequency  the  same  as  the  resonant  frequency  of 
piezoelectric  chip  72  is  applied  to  chip  72  across 
leads  76  and  78  with  the  circuitry  described  below 
to  conductive  regions  60  and  64  through  filament 

30  74,  to  excite  the  chip  to  emit  a  high  frequency 
sound.  As  shown  in  Figures  1,  2  and  3A,  pins  76 
and  78  extend  out  of  housings  42  and  44.  Housings 
42  and  44  are  mounted  on  a  printed  circuit  board 
(not  shown)  through  which  pins  76  and  78  extend 

35  to  connect  to  the  circuitry  described  below. 
To  assemble  an  ultrasonic  generator  or  re- 

ceiver,  chip  72  is  mounted  on  substrate  58  by 
conductive  adhesive.  Filament  74  is  attached  as 
described  above.  Substrate  58  is  then  positioned  in 

40  the  opening  48  (or  50).  Pin  78  (or  76)  is  inserted 
through  a  narrow  aperture  81  (Fig.  2)  in  the  rear  of 
housing  42  (or  44)  until  the  proximal  end  of  the  pin 
is  positioned  over  the  appropriate  conductive  re- 
gion  on  the  substrate.  Through  a  large  opening  83 

45  (Figs.  2  and  3A)  in  the  side  of  housing  42  (or  44), 
conductive  adhesive  75  is  applied  to  adhere  the 
proximal  end  of  each  pin  78  (and  76)  to  the  appro- 
priate  conductive  region  on  the  substrate.  These 
pins  76  and  78  are  "potted"  within  housings  42  and 

50  44  by  filling  the  housings  with  non-conductive  ep- 
oxy  adhesive  85  (Figs.  2  and  3A).  Thus,  openings 
81  and  adhesive  85  hold  pins  76  and  78  im- 
moveably  within  housings  42  and  44  so  they  can- 
not  be  dislodged  from  electrical  contact  with  sub- 

55  strates  56  and  58. 
Openings  83  in  housings  42  and  44  are  cov- 

ered  by  covers  87  (Fig.  1)  before  adhesive  85  sets. 
Ultrasonic  detectors  26  and  28  are  then  mounted 
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on  a  printed  circuit  board  (not  shown)  through 
which  pins  76  and  78  extend.  The  distal  ends  of 
pins  76  and  78  are  then  soldered  to  make  electrical 
connection  with  the  circuitry  described  below  on 
the  printed  circuit  board.  To  function  as  an  ultra- 
sonic  receiver  56,  the  assembly  shown  in  FIGS.  5-7 
receives  the  ultrasonic  sound  generated  by  ultra- 
sonic  generator  54.  The  ultrasonic  vibration  is  pic- 
ked  up  by  chip  72'  and  is  converted  to  an  electrical 
signal  which  is  transmitted  across  filament  74  and 
through  layers  60  and  64  to  pins  76  and  78  (Fig.  1) 
where  the  high  frequency  electrical  signal  can  be 
converted  and  amplified  by  the  circuitry  described 
below  into  a  usable  signal  to  sound  an  alarm  in  the 
event  that  air  is  present  is  fluid  passage  40. 

Elastomeric  pocket  30  has  two  resilient  lobes 
37,  37'  (FIGS.  1  and  3)  which  extend  outwardly 
from  sidewalls  35.  The  width  of  pocket  30  between 
lobes  37,  37'  is  somewhat  less  than  the  width  of 
recess  46  between  ultrasonic  generator  54  and 
ultrasonic  receiver  56  so  that  lobes  37  and  37'  are 
compressed  inwardly  toward  each  other  when  air- 
in-line  detection  means  22  is  inserted  into  ultra- 
sonic  detector  26  as  shown  in  FIG.  3A.  This  insures 
that  there  will  be  good  acoustic  contact  between 
ultrasonic  generator  54  and  pocket  30  and  between 
ultrasonic  receiver  56  and  pocket  30. 

This  arrangement  also  allows  the  air-in-line  de- 
tection  means  22  to  be  inserted  and  withdrawn 
easily  from  recess  46.  As  shown  in  FIG.  3A,  chips 
72  and  72'  align  with  fluid  passage  40  so  that  an 
ultrasonic  signal  is  transmitted  across  fluid  passage 
40  when  air-in-line  detection  means  22  is  inserted 
into  recess  46.  The  transmission  of  ultrasonic 
sound  between  ultrasonic  generator  54  and  ultra- 
sonic  receiver  56  is  greatly  enhanced  when  a  liquid 
is  present  in  passage  40.  But  when  air  is  present  in 
passage  40,  the  transmission  of  ultrasonic  sound 
through  fluid  passage  40  is  attenuated.  This  dif- 
ference  in  ultrasonic  sound  transmission  is  de- 
tected  by  ultrasonic  receiver  56.  When  air  is 
present,  the  signal  from  ultrasonic  receiver  56 
drops.  When  a  signal  drops,  an  alarm  (not  shown) 
is  sounded  to  stop  the  pumping  of  fluid  through  the 
cassette  if  the  cassette  is  in  the  fluid  delivery 
cycle. 

As  disclosed  in  co-pending  application,  Serial 
Number  88  106  575.9,  entitled  Disposable  Fluid 
Infusion  Pumping  Chamber  Cassette  (inventor 
Giovanni  Pastrone)  on  an  even  date  herewith,  the 
ultrasonic  detectors  and  air-in-line  detectors  dis- 
closed  herein  can  be  used  also  to  check  the  integ- 
rity  of  several  of  the  cassette  components  when 
the  cassette  is  not  in  the  fluid  delivery  part  of  its 
pumping  cycle. 

As  indicated  above,  ultrasonic  detectors  26  and 
28  are  parts  of  a  nondisposable  cassette  driver, 
and  cassette  10  is  a  disposable  item.  As  cassette 

10  is  mounted  on  the  driver,  air-in-line  detection 
means  22  and  24  slide  easily  into  recesses  46  in 
ultrasonic  detectors  26  and  28,  but  nonetheless 
intimate  sound  transmitting  contact  is  achieved  be- 

5  tween  each  air-in-line  detection  means  and  its  as- 
sociated  detector  through  lobes  37  and  37'.  Lobes 
37,  37'  deflect  inwardly  as  an  air-in-line  detector  is 
slid  into  a  recess  46,  creating  the  desired  contact, 
but  the  lobes  do  not  interfere  with  the  sliding 

io  insertion  of  the  air-in-line  detectors  into  the  ultra- 
sonic  detectors. 

The  circuitry  for  the  air-in-line  detection  system 
for  the  cassette  driver  of  the  present  invention  is 
illustrated  in  FIG.  8.  The  transmitting  crystals  72 

is  and  72"  of  ultrasonic  detectors  26  and  28,  respec- 
tively  are  controlled  by  a  pair  of  amplifier  circuits 
302  and  302'.  Amplifier  circuits  302  and  302'  are 
driven,  in  turn,  by  a  sweep  oscillator  300  which 
includes  a  voltage  controlled  oscillator  301  and  a 

20  triangle  wave  oscillator  301a. 
Each  crystal  (72  -  72"')  will  resonate  at  a 

variety  of  frequencies,  but  each  has  several  peak 
resonating  frequencies  including  one  having  a 
nominal  value  of  about  5.00  MHz.  However,  the 

25  resonant  frequency  of  a  given  crystal  can  vary  from 
the  nominal  values.  Furthermore,  the  resonant  fre- 
quency  of  a  crystal  can  shift  when  it  is  mounted  on 
a  substrate  58.  To  reduce  the  difference  between 
the  resonant  frequencies  of  transmitting  and  receiv- 

30  ing  crystals,  each  pair  of  such  crystals  should  be 
cut  from  the  same  piece  of  piezoelectric  material. 
Futhermore,  each  pair  should  be  mounted  on  sub- 
strates  cut  from  the  same  larger  piece  of  material. 
Such  precautions  sufficiently  reduce  the  frequency 

35  differences  between  transmitting  and  receiving  cry- 
stals,  which  with  imperfectly  matched  crystals 
could  otherwise  lead  to  a  false  alarm  that  air  is  in 
the  cassette. 

However,  a  problem  arises  in  that  the  resonant 
40  frequency  of  each  pair  of  transmitting  and  receiving 

crystals  can  vary  from  pair  to  pair.  Figure  9  shows 
the  frequency  response  of  a  given  crystal  having  a 
5  MHz  peak  resonating  frequency  as  well  as  sev- 
eral  lower  resonating  frequencies.  As  shown  in 

45  Figure  9,  for  example,  the  pairs  are  selected  from 
materials  which  have  nominal  peak  frequencies  of 
about  5  MHz,  but  the  peak  frequencies  can  vary  as 
much  as  ±  10  percent  (i.e.,  4.50  -  5.50  MHz),  thus, 
the  circuitry  to  resonate  the  crystals  must  be  ca- 

50  pable  of  resonating  any  selected  pair  within  this 
range  if  one  wishes  to  avoid  having  to  calibrate 
each  circuit  to  each  pair  of  crystals.  This  individual 
calibration  would  be  extremely  laborious. 

Sweep  oscillator  300  varies  the  frequency  of 
55  the  electrical  signal  applied  to  the  the  transmitting 

crystals  (72  and  72")  over  this  relatively  broad 
frequency  spectrum  (i.e.,  5  MHz  ±  10%).  It  has 
been  observed  that  this  spectrum  includes  the  res- 

4 
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onant  frequencies  of  the  pairs  of  crystals  which  will 
be  installed  in  the  cassette  driver.  In  other  words, 
sweep  oscillator  300  will  hit  a  frequency  for  each 
pair  of  crystals  which  produces  a  sufficient  re- 
sponse  to  avoid  false  signals.  However,  if  the  fre- 
quency  of  the  electrical  signal  applied  to  the 
matched  pair  of  crystals  is  varied  across  the  range 
between  4.50  and  5.50  MHz  (i.e.,  a  range  is  swept), 
there  will  be  an  intermediate  frequency  within  the 
range  where  the  transmitting  chip  will  emit  acoustic 
signals  having  an  amplitude  sufficient  to  excite  the 
receiving  crystal.  This  avoids  the  false  alarm  situ- 
ation  where  the  transmitting  crystal  is  resonated  at 
a  frequency  which  is  sufficiently  different  from  its 
natural  peak  resonant  frequency  to  "fool"  the  sys- 
tem  that  air  is  in  the  cassette. 

Voltage  controlled  oscillator  (VCO)  301  consists 
of  a  74HC4046  phase  locked  loop  oscillator  U1 
with  only  the  voltage  controlled  oscillator  section 
being  used.  VCO  301  output  is  coupled  by  capaci- 
tor  Cg  to  the  transmitting  crystal  drivers  Qi  and  Q2. 

VCO  301  is  driven  by  triangle  wave  oscillator 
(TW  Oscillator)  301a  formed  by  an  amplifier  U2 
with  capacitor  Cg  and  resistors  Ri3-Rig-  TW  Os- 
cillator  301a  uses  an  exclusive  OR  gate  inside  VCO 
301  as  a  voltage  buffer  which  improves  the  sym- 
metry  of  its  output  waveform. 

TW  Oscillator  301a  has  a  frequency  of  about 
3kHz  and  a  peak-to-peak  amplitude  of  about  1.0 
volt  with  an  average  value  of  2.5  volts.  This  causes 
VCO  301  to  sweep  over  a  2MHz  range,  covering 
the  required  4.50  to  5.50  MHz  range  plus  to  allow 
component  tolerances  in  the  oscillator. 

The  "timing  elements"  of  VCO  301,  namely 
resistor  R2  and  capacitor  C10  are  selected  to  that 
the  sweep  range  of  VCO  301  includes  frequencies 
at  which  the  ceramic  material  used  for  the  transmit- 
ting  and  receiving  crystals  will  resonate. 

Line  A  from  VCO  301  is  bifurcated  into  lines  B 
and  C,  each  of  which  applies  the  signals  generated 
by  VCO  301  to  an  amplifier  circuit  302  or  302', 
each  of  which  is  identical  to  the  other.  Each  am- 
plifier  circuit  302  or  302'  (described  in  detail  below) 
amplifies  the  signal  to  identical  10  volt  peak  to 
peak  sine  wave  voltage  signals  at  lines  76  and  76', 
respectively.  The  frequency  of  the  signal  at  lines 
77  and  77'  will  vary  within  the  range  of  sweep 
oscillator  300. 

Amplifier  circuit  302  includes  a  transistor  Q1  . 
Transistor  Q1  together  with  resistors  R3,  R+  and 
R5,  capacitors  C1  and  C2,  and  coil  Li  form  a  Class 
C  amplifier.  Thus,  Li  ,  C1  and  the  crystal  72  form  a 
tuned  load,  nominally  resonant  at  5  MHz.  However, 
the  actual  resonance  of  this  tuned  load  varies  for 
reasons  explained  above.  Crystal  72  is  a  Valpey- 
Fisher  PZT-5H  or  a  Murata  P7  piezoelectric  crystal. 

The  amplifier  circuit  302'  is  identical  to  circuit 
302  with  Qr,  R3',  R+'  etc.  corresponding  to  Q1  ,  R3, 

R4  etc.  Amplifier  circuit  302  applies  a  high,  variable 
frequency  sine  wave  signal  through  line  77  to  one 
side  of  piezoelectric  crystal  72  of  ultrasonic  gener- 
ator  54  of  air-in-line  detector  26.  The  other  side  of 

5  crystal  72  of  ultrasonic  generator  54  is  connected 
to  a  5  volt  power  supply  (not  shown)  by  line  78. 
The  5  MHz  signal  applied  across  crystal  72  excites 
crystal  72  to  generate  a  high,  variable  frequency 
ultrasonic  signal  across  the  gap  between  ultrasonic 

10  generator  54  and  the  ultrasonic  receiver  56. 
As  previously  indicated,  when  there  is  water  in 

the  fluid  path  in  air-in-line  detector  26,  the  ultra- 
sonic  signal  generated  is  received  virtually  unat- 
tenuated  by  ultrasonic  receiver  56.  However,  the 

15  high  frequency  sound  generated  by  ultrasonic  gen- 
erator  54  is  greatly  attenuated  if  air  is  present  in 
air-in-line  detector  56. 

Transistor  Q2  and  resistors  R1  2  ,  R1  1  ,  R1  0  ,  Rg  , 
and  Rs,  and  capacitor  C3  form  an  AC  coupled 

20  common  emitter  amplifier  304.  Amplifier  304  is 
coupled  to  crystal  72'  of  receiver  54.  Capacitor  C+ 
is  an  output  coupling  capacitor  which  is  coupled  to 
transistor  Q3.  Transistor  Q3  forms  a  threshold  volt- 
age  detector  306  with  resistor  R7  and  capacitor  Cs  . 

25  When  water  is  in  air-in-line  detector  26  crystal 
72'  is  excited  by  one  or  more  of  the  acoustic 
frequencies  generated  by  crystal  72.  The  voltage 
signal  received  from  amplifier  304  at  the  base  of 
Q3  is  a  sine  wave  having  a  100  to  200  m  V  peak. 

30  Amplifier  Q3  increases  that  voltage  to  a  sufficient 
level  to  cross  the  threshold  formed  by  the  base- 
emitter  forward  voltage  at  Q3.  Thus,  the  output 
voltage  at  Q3  collector  indicates  the  presence  of 
water. 

35  When  air  is  in  air-in-line  detector  26,  crystal  72' 
will  not  be  excited  by  any  of  the  frequencies  gen- 
erated  by  crystal  72.  The  signal  received  at  the 
base  of  Q3  falls  below  that  necessary  to  cross  the 
base-emitter  threshold  of  Q1  .  The  output  voltage  at 

40  Q3  collector  indicates  the  presence  of  air.  Q3  col- 
lector  is  coupled  to  the  microprocessor  which  de- 
tects  the  difference  in  voltage  between  the  water/air 
situations.  If  air  is  in  the  sensor,  the  microprocessor 
sounds  an  alarm. 

45  In  practice,  sweep  oscillator  300  sweeps  a 
range  of  electrical  signal  frequencies  from  about 
4.50  MHz  to  about  5.50  MHz.  The  signal  is  am- 
plified  by  amplifier  302,  and  the  variable  frequency 
signal  is  applied  to  the  transmitting  crystals.  One  or 

50  more  of  these  frequencies  will  excite  the  transmit- 
ting  crystals.  If  water  is  in  the  cassette,  one  or 
more  of  the  high,  variable  frequency  signals  gen- 
erated  by  the  transmitting  crystals  will  be  received 
by  and  excite  the  receiving  crystals.  The  signals 

55  generated  by  the  receiving  crystals  will  be  am- 
plified  and  indicate  to  the  microprocessor  that  wa- 
ter  is  in  the  cassette.  If  air  is  in  either  of  the  air-in- 
line  detection  means  22  or  24,  none  of  the  acoustic 

5 
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frequencies  emitted  by  transmitting  crystals  72  or 
72"  will  be  sufficient  to  excite  either  of  the  receiv- 
ing  crystal  72'  or  72"'  adjacent  the  empty  detection 
means  22  or  24.  Thus,  the  microprocessor  will 
sound  an  alarm. 

While  one  embodiment  of  the  invention  has 
been  disclosed,  other  embodiments  will  be  appar- 
ent  to  those  of  ordinary  skill  in  the  art.  These 
embodiments  are  to  be  included  in  the  scope  of 
the  present  invention  unless  the  claims  which  fol- 
low  expressly  state  otherwise. 

Where  technical  features  mentioned  in  any 
claim  are  followed  by  reference  signs,  those  refer- 
ence  signs  have  been  included  for  the  sole  pur- 
pose  of  increasing  the  intelligibility  of  the  claims 
and  accordingly,  such  reference  signs  do  not  have 
any  limiting  effect  on  the  scope  of  each  element 
identified  by  way  of  example  by  such  reference 
signs. 

Claims 

as  to  contact  said  source  (54)  and  said  re- 
ceiver  (56)  intimately. 

5 

10 

15 

1.  An  apparatus  for  detecting  air  in  a  fluid  pump- 
ing  cassette  (10)  having  a  fluid  inlet  (18),  a 
fluid  outlet,  a  rigid  housing  (12,14,16)  formed  25 
of  two  housing  portions  (12,14)  with  an 
elastomeric  member  (16)  therebetween,  a 
source  of  oscillating  energy  (54)  and  a  receiver 
of  oscillating  energy  (56)  characterized  in  that 

a  portion  (30)  of  said  elastomeric  member  30 
(16)  is  extending  through  an  opening  in  one 
(12)  of  said  housing  portions  (12,14),  and  to- 
gether  with  said  housing  portions  (12,14),  de- 
fining  a  fluid  passage  (40),  one  end  of  said 
fluid  passage  (40)  being  in  fluid  communication  35 
with  said  fluid  inlet  (18),  the  other  end  of  said 
fluid  passage  (40)  being  in  communication  with 
said  fluid  outlet;  and  in  that 

said  source  of  oscillating  energy  (54)  is 
spaced  apart  from  said  receiver  of  oscillating  40 
energy  (56),  said  sheet  member  (16)  being 
disposed  between  said  source  (54)  and  said 
receiver  (56)  and  in  contact  with  both,  so  that  a 
liquid  within  said  fluid  passage  (40)  provides 
for  a  more  efficient  coupling  of  the  oscillating  45 
energy  from  said  source  (54)  to  said  receiver 
(56)  than  does  air. 

2.  The  apparatus  according  to  claim  1  ,  character- 
ized  in  that  said  source  of  oscillating  energy  50 
(54)  is  an  ultrasonic  generator  and  in  that  said 
receiver  of  oscillating  energy  (56)  is  an  ultra- 
sonic  receiver. 

3.  The  apparatus  according  to  claims  1  or  2,  55 
characterized  in  that  said  portion  (30)  of  said 
elastomeric  member  (16)  includes  a  pair  of 
lobes  (37)  extending  in  opposite  directions  so 
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