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©  Pillow  type  pressure  detector. 

©  A  pillow  type  pressure  detector  (23)  having  a 
base  board  (28)  on  the  front  surface  of  which  a  load 
cell  type  load  sensor  (25)  is  mounted;  a  holder  cover 
(29)  which  is  so  provided  as  to  be  spaced  a  pre- 
determined  distance  from  the  base  board  (28);  a  flat- 
plate-shaped  load  transmitting  board  (40)  and  a  flat- 
plate-shaped  retaining  board  (45)  positioned  be- 
tween  the  base  board  and  the  holder  cover  (29);  a 
pillow  type  pressure  reaction  jig  (24)  positioned  be- 
tween  the  load  transmitting  board  (40)  and  the  re- 
taining  board  (45);  and  a  pillow  holding  member 
(50a-d)  for  clamping  predetermined  portions  of  the 
pressure  reaction  jig  (24)  mounted  over  the  base 
board  (28)  and  the  holder  cover  (29).  There  are 
provided  a  mechanism  for  simultaneously  swinging 
the  load  transmitting  board  (40)  and  the  retaining 
board  (45)  relative  to  the  base  board  (28),  a  mecha- 
nism  elastically  supporting  the  pillow  holding  mem- 
ber  on  the  side  of  the  base  board  and/or  a  thin-plate- 
shaped  depressing  member  (37)  provided  over  the 
surface  of  the  load  sensor  (25)  for  fixedly  secure  the 
load  sensor  to  the  base.  Distortion  resulting  from 
setting  of  the  pressure  detecting  element  is  elimi- 
nated  and  accuracy  of  detection  is  improved. 
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This  invention  relates  to  a  pressure  detector 
employed  for  a  medical  instrument,  such  as,  a 
blood  processing  apparatus  for  detecting  pressures 
linearly  with  a  pillow  type  pressure  reaction  jig. 

With  a  medical  instrument,  such  as,  a  blood 
processing  apparatus,  blood  ingredients,  such  as, 
corpuscles  (blood  cells)  and  plasma  taken  out  of 
the  body,  are  processed  to  remove  unwanted  ma- 
terials  therefrom  and  are  then  returned  into  the 
body.  In  other  words,  the  blood  is  directly  taken  out 
of  the  patient's  body,  processed  and  then  returned 
to  such  body.  Therefore,  it  is  essential  that  the  use 
of  the  medical  instrument  will  not  adversely  affect 
the  patient's  body.  For  this  purpose,  it  is  necessary 
to  control  the  blood  collection  pressure,  the  plasma 
pressure,  or  plasma  filtration  pressure  during  blood 
processing,  and  the  reinfusion  or  transfusion  pres- 
sure  into  the  body  in  such  a  manner  that  such 
pressures  are  in  predetermined,  allowable,  ranges. 

A  conventional  blood  processing  apparatus  is 
shown  in  FIG.  12.  In  such  apparatus,  the  blood 
collected,  with  a  blood  pump  2,  is  supplied  to  a 
blood  filter  3,  where  such  blood  is  divided  into  a 
corpuscle  ingredient,  and  plasma.  The  plasma  is 
delivered  to  a  plasma  filter  5,  by  a  plasma  pump  4, 
where  such  plasma  is  filtered  to  remove  unwanted 
macromolecular  ingredients.  The  condensed  plas- 
ma  is  discharged  by  a  plasma  discharging  pump  6. 
In  this  case,  a  replacing  solution  7,  corresponding 
in  quantity  to  the  condensed  plasma  discharged  by 
the  plasma  discharging  pump  6,  is  supplied  with  a 
replacing  solution  pump  8.  The  plasma  thus  pro- 
cessed  is  mixed  with  the  corpuscle  ingredient  pre- 
viously  separated.  The  mixture  of  the  plasma  and 
the  corpuscle  component  is  returned  into  the  body 
through  a  bubble  detector  9. 

The  blood  processing  apparatus  1  has  five 
pressure  detectors  in  the  above-described  blood 
processing  path;  a  blood  collection  pressure  detec- 
tor  10,  a  blood  filtration  pressure  gauge  11,  a 
plasma  pressure  gauge  12,  a  plasma  filtration  pres- 
sure  gauge  13,  and  a  reinfusion  pressure  gauge 
14,  all  for  detection  of  the  presence  or  absence  of 
abnormal  conditions.  These  pressure  detectors  em- 
ploy  a  drip  chamber  15  as  shown  in  FIG.  13.  The 
drip  chamber  15  has  an  air  chamber  16,  in  its 
upper  portion,  communicated,  through  a  pressure 
leading  tube  17,  to  a  pressure  sensor  18  of  strain 
gauge  type.  The  pressure  leading  tube  17  is  ex- 
tended  through  a  filter  19  which  permits  the  flow  of 
air  but  not  of  liquid.  The  air  chamber  16  is  further 
connected  to  a  liquid  inlet  pipe  20  and  an  air  vent 
pipe  21  .  The  lower  end  portion  of  the  air  chamber 
16  is  connected  to  a  liquid  outlet  pipe  22.  The  air 
vent  pipe  21  is  for  determining  the  level  of  liquid  in 
drip  chamber  15,  and  is  normally  closed. 

The  pressure  in  the  air  chamber  16  of  the  drip 
chamber  15  is  detected  with  pressure  sensor  18.  In 

other  words,  in  the  conventional  blood  processing 
apparatus  1,  pressure  detectors,  using  the  above- 
described  drip  chambers  15,  are  employed  to  de- 
tect  a  blood  collection  pressure,  blood  filtration 

5  pressure,  plasma  pressure,  plasma  filtration  pres- 
sure,  and  reinfusion  pressure. 

In  such  conventional  pressure  detector,  using 
the  above-described  drip  chamber  15,  the  level  of 
the  liquid  in  the  drip  chamber  15  changes  with  the 

io  pressure.  In  order  to  absorb  this  change,  it  is 
necessary  for  the  chamber  to  have  a  volume  larger 
than  a  certain  value.  That  is,  the  pressure  detector 
is  disadvantageous  in  that  it  unavoidably  increases 
the  priming  volume.  Furthermore,  in  order  to  op- 

75  erate  the  blood  processing  apparatus  1  ,  it  is  essen- 
tial  to  adjust  the  air  vent  pipe  21  and,  thereby, 
adjust  the  level  of  liquid  in  drip  chamber.  That  is,  it 
is  necessary  to  set  the  level  of  the  liquid  to  the 
middle  of  the  allowable  range  in  which  the  level  of 

20  the  liquid  in  the  drip  chamber  15  is  variable. 
In  the  conventional  blood  processing  apparatus 

1,  it  is  necessary  to  set  the  level  of  the  liquid  in 
each  of  the  drip  chambers  15.  Some  of  the  appara- 
tus  have  three  to  eight  drip  chambers.  In  this  case, 

25  it  is  rather  troublesome  to  adjust  all  of  those  drip 
chambers.  In  addition,  such  setting  of  the  level  of 
the  liquid  in  the  drip  chamber  can  be  achieved  only 
by  a  skilled  person.  This  is  one  of  the  factors  which 
lengthen  the  time  required  for  the  preparation  of 

30  the  apparatus. 
The  pressure  detector,  using  the  above  de- 

scribed  drip  chamber  15,  suffers  from  the  following 
difficulty:  In  the  drip  chamber  15,  sometimes  the 
level  of  the  liquid  is  abnormally  raised  for  some 

35  reason,  so  that  the  liquid  is  caused  to  flow  to  the 
filter  19  provided  for  preventing  the  flow  of  liquid  to 
the  pressure  sensor  18.  However,  if  the  filter  19  is 
wet,  the  flow  of  air  is  blocked  and,  as  a  result,  the 
pressure  detector  does  not  work.  This  failure  great- 

40  ly  affects  the  functions  of  other  parts  of  the  blood 
processing  apparatus,  breaking  down  the  blood 
processing  apparatus,  itself,  and  the  medical  treat- 
ment  must  be  suspended.  This  is  a  serious  prob- 
lem  and  concerns  the  life  of  the  patient. 

45  It  is  an  object  of  this  invention  to  eliminate  the 
above-described  difficulties  accompanying  a  con- 
ventional  pressure  detector.  More  specifically,  an 
object  of  the  invention  is  to  provide  a  pressure 
detector  which  is  disposable  and  low  in  manufac- 

50  turing  cost,  and  yet  able  to  detect  pressure  vari- 
ations  with  high  accuracy  and  proficiency. 

The  applicant  has  proposed  a  pillow  type  pres- 
sure  detector  under  Japanese  Patent  Application 
(OPI)  No.  254754/1991  (the  term  "OPI"  as  used 

55  herein  means  an  "unexamined  published  applica- 
tion")  which  comprises:  a  base  board  on  the  front 
surface  of  which  a  load  cell  type  load  sensor  is 
mounted;  a  holder  cover  which  is  so  provided  as  to 
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be  spaced  a  predetermined  distance  from  the  base 
board;  a  flat-plate-shaped  load  transmitting  board 
and  a  flat-plate-shaped  retaining  board,  arranged 
between  the  base  board  and  the  holder  cover;  a 
pillow  type  pressure  reaction  jig,  between  the  load 
transmitting  board  and  the  retaining  board;  and,  a 
pillow  holding  member  which  clamps  predeter- 
mined  portions  of  the  pressure  reaction  jig  moun- 
ted  over  the  base  board  and  the  holder  cover. 
However,  the  pressure  detector  is  not  always  sat- 
isfactory  as  means  for  detecting  pressure  variations 
with  high  accuracy. 

To  solve  the  above-described  problems  in  view 
of  the  above-mentioned  proposal,  the  invention  pro- 
vides  the  following  three  pillow  type  pressure  de- 
tector: 

The  first  pillow  type  pressure  detector  which, 
according  to  the  invention,  comprises:  a  base 
board  on  the  front  surface  of  which  a  load  cell  type 
load  sensor  is  mounted;  a  holder  cover  which  is  so 
provided  as  to  be  spaced  a  predetermined  distance 
from  the  base  board;  a  flat-plate-shaped  load  trans- 
mitting  board  and  a  flat-plate-shaped  retaining 
board,  arranged  between  the  base  board  and  the 
holder  cover;  a  pillow  type  pressure  reaction  jig, 
between  the  load  transmitting  board  and  the  retain- 
ing  board;  a  pillow  holding  member  which  clamps 
predetermined  portions  of  the  pressure  reaction  jig 
provided  over  the  base  board  and  the  holder  cover; 
and,  means  for  swinging  the  load  transmitting 
board  and  the  retaining  board  relative  to  each 
other. 

The  second  pillow  type  pressure  detector 
which,  according  to  the  invention,  comprises:  a 
base  board  on  the  front  surface  of  which  a  load  cell 
type  load  sensor  is  mounted;  a  holder  cover  which 
is  so  provided  as  to  be  spaced  a  predetermined 
distance  from  the  base  board;  a  flat-plate-shaped 
load  transmitting  board  and  a  flat-plate-shaped  re- 
taining  board,  arranged  between  the  base  board 
and  the  holder  cover;  a  pillow  type  pressure  reac- 
tion  jig,  between  the  load  transmitting  board  and 
the  retaining  board;  a  pillow  holding  member  which 
clamps  predetermined  portions  of  the  pressure  re- 
action  jig  provided  over  the  base  board  and  the 
holder  cover;  and,  means  elastically  supporting  the 
pillow  holding  member  on  the  side  of  the  base 
board. 

The  third  pillow  type  pressure  detector  which, 
according  to  the  invention,  comprises:  a  base 
board  on  the  front  surface  of  which  a  load  cell  type 
load  sensor  is  mounted;  a  thin-plate-shaped  de- 
pressing  member,  provided  over  the  surface  of  the 
load  sensor,  to  fixedly  secure  the  load  sensor  to 
the  base;  a  holder  cover  which  is  so  provided  as  to 
be  spaced  a  predetermined  distance  from  the  base 
board;  a  flat-plate-shaped  load  transmitting  board 
and  a  flat-plate-shaped  retaining  board,  arranged 

between  the  base  board  and  the  holder  cover;  a 
pillow  type  pressure  reaction  jig,  between  the  load 
transmitting  board  and  the  retaining  board;  and,  a 
pillow  holding  member  which  clamps  predeter- 

5  mined  portions  of  the  pressure  reaction  jig  pro- 
vided  over  the  base  board  and  the  holder  cover. 

The  pillow  type  pressure  reaction  jig  is  lower  in 
manufacturing  cost  than  the  drip  chamber.  In  the 
pressure  detector  of  the  invention,  the  pressure 

io  reaction  jig  is  arranged  between  the  base  board, 
having  the  load  cell  type  load  sensor,  and  the 
holder  cover.  In  setting  the  pressure  reaction  jig, 
the  load  transmitting  board  and  the  retaining  board 
are  operated  in  association  with  each  other  so  that 

is  the  pressure  reaction  jig  may  not  be  irregularly 
deformed.  The  load  sensor  is  clamped  from  both 
side.  In  the  second  detector,  the  means  for  elas- 
tically  supporting  the  pillow  holding  member  is 
provided  on  the  side  of  the  base  board.  In  the  third 

20  detector,  in  order  to  prevent  the  load  cell  type  load 
sensor  from  being  irregularly  deformed,  the  load 
sensor  is  mounted  on  the  base  board  with  the  aid 
of  the  thin-plate-shaped  depressing  member.  That 
is,  in  the  pressure  detectors  of  the  invention,  the 

25  factors  in  distortion  attributing  to  the  setting  of  the 
pressure  detecting  element  are  eliminated,  with  a 
result  that  the  detection  is  improved  in  accuracy. 

Thus,  the  pillow  type  pressure  reaction  jig  can 
react  to  the  internal  pressure  without  changing  its 

30  posture,  thus,  transmitting  variations  in  internal 
pressure  to  the  load  cell  type  load  sensor  ac- 
curately. 

In  the  accompanying  drawings: 
FIG.  1  is  a  perspective  view  of  a  pressure  detec- 

35  tor  of  one  embodiment  of  the  invention,  with  the 
holder  cover  opened; 
FIG.  2  is  a  perspective  view  of  the  pressure 
detector  of  Fig.  1,  with  the  holder  cover  closed; 
FIG.  3  is  a  plan  view,  partly  in  section,  of  the 

40  pressure  detector  of  Figs.  1  and  2,  with  the 
cover  closed  in  solid  lines  and  open  in  broken 
lines; 
FIG.  4  is  a  perspective  view  of  a  base  board  in 
the  pressure  detector  of  the  embodiment  of 

45  Figs.  1  -  3; 
FIG.  5  is  a  perspective  view  of  the  mounting 
stand  and  the  holder  cover  in  the  pressure  de- 
tector  of  the  embodiments  of  Figs.  1  -  3,  with 
the  cover  open; 

50  FIG.  6  is  a  front  view  showing  the  base  board 
and  a  pressure  reaction  jig  in  the  pressure  de- 
tector  of  the  embodiment  of  Figs.  1  -  3; 
FIG.  7  is  a  cross  sectional  view  of  the  base 
board  of  the  pressure  detector  of  Fig.  6; 

55  FIG.  8  is  a  front  view  showing  a  part  of  the  base 
board  of  the  pressure  detector  of  Figs.  6  and  7; 
FIG.  9  is  a  graphical  representation  indicating 
the  results  of  measurements  performed  with  the 

3 
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pressure  detector  of  Figs.  1  -  3; 
FIG.  10  is  also  a  graphic  representation  of  a 
hysteresis  which  may  occur  with  the  pressure 
detector; 
FIG.  11  is  a  plan  view,  partially  in  section,  show- 
ing  another  embodiment  of  the  pressure  detec- 
tor  of  the  invention; 
FIG.  12  is  a  block  diagram  of  the  arrangement 
of  a  conventional  blood  processing  apparatus; 
and 
FIG.  13  is  a  front  view  of  a  drip  chamber  in  the 
conventional  blood  processing  apparatus. 
This  invention  will  be  described  with  reference 

to  its  preferred  embodiments  shown  in  the  accom- 
panying  drawings. 

As  shown  in  FIGS.  1  through  8,  a  pillow  type 
pressure  detector  23  constitutes  a  first  embodiment 
of  the  invention.  In  the  first  embodiment,  a  pillow 
type  reaction  jig  24  and  a  load  cell  type  load 
sensor  25,  Fig.  3,  are  utilized  for  detection  of  the 
pressure  of  the  pressure  detector  23,  Fig.  1.  The 
pillow  type  pressure  reaction  jig  24  is  in  the  form  of 
a  bag  formed  by  molding  elastic  material,  such  as, 
vinyl  chloride.  The  jig  24  is  normally  elliptic  in 
section  but  is  inflated  circular  in  section  as  the 
pressure  increases.  More  specifically,  the  pressure 
reaction  jig  24  includes  a  bag  24a  which  has  four 
flat-plate-shaped  ears  26a  through  26d  at  four  cor- 
ners.  The  load  cell  type  load  sensor  25  is  commer- 
cially  available,  and  it  is  designed  so  that  the  load 
cell  is  distorted  by  a  load  applied  thereto  to  change 
the  internal  resistance.  Therefore,  by  detecting  the 
variation  of  the  electrical  output  of  the  load  cell,  the 
value  of  the  load  can  be  detected  accurately. 

The  pillow  type  pressor  detector  23  comprises: 
a  mounting  stand  27;  a  base  board  28  supported 
on  the  front  side  of  mounting  stand  27  in  such  a 
manner  so  that  it  is  swingable  horizontally  (or  verti- 
cally  in  FIG.  3);  and  a  holder  cover  29  supported  in 
such  a  manner  so  that  it  is  spaced  a  predeter- 
mined  distance  from  the  base  board  28. 

The  mounting  stand  27  has  a  recess  30,  Fig.  3, 
in  its  bottom  wall,  and  a  protrusion  31  on  its  one 
side  wall  extended  from  its  one  side  which  is  used 
to  lock  the  holder  cover  29,  and  supports  32  ex- 
tended  from  the  opposite  side  in  such  a  manner  as 
to  confront  with  the  aforementioned  one  side  wall. 
The  base  board  28  is  swingably  supported  through 
its  one  side  on  the  base  end  portions  of  the  sup- 
ports  32,  while  the  holder  cover  29  is  also  swing- 
ably  supported  through  its  one  side  on  the  top  end 
portions  of  the  supports  32.  The  mounting  stand  27 
has  tube  holders  54  and  55  on  the  front  surface  at 
the  upper  and  lower  edges  for  holding  a  fluid  flow- 
in  pipe  52  and  a  fluid  flow-out  pipe  53,  respec- 
tively.  Those  pipes  are  connected  to  the  pillow 
type  pressure  reaction  jig  24.  Hold  pins  50a 
through  50d  are  embedded  in  the  central  portion  of 

the  front  surface  of  the  mounting  stand  27  and  are 
inserted  into  small  holes  formed  in  the  four  ears 
26a  through  26d  of  the  pillow  type  pressure  reac- 
tion  jig  24,  respectively. 

5  The  base  board  28  is  set  swingable  back  and 
forth  with  the  aid  of  a  spring  33,  Fig.  3,  set  in  the 
recess  30  of  the  mounting  stand  27.  The  base 
board  28  has  a  stopper  34,  which  is  normally 
pushed  against  the  protrusion  35  of  the  mounting 

io  stand  27.  The  base  board  28  has  a  chamber  36 
formed  in  the  central  portion  of  the  front  surface,  in 
which  the  aforementioned  load  cell  type  load  sen- 
sor  25  is  set.  In  order  that  the  load  sensor  may  not 
play  or  may  not  be  set  unstable,  the  inner  surface 

is  (especially  the  bottom  surface)  is  finished  with  high 
precision.  In  order  to  prevent  the  load  sensor  25 
fitted  in  the  chamber  36  from  being  raised  from  the 
latter  36,  a  retaining  member  37  such  as  a  stain- 
less  plate  0.1  mm  in  thickness  is  set  over  the  load 

20  sensor  25  with  screws  38. 
A  load  transmitting  board  40  is  swingably 

mounted  on  the  base  board  28  so  that  it  is  brought 
into  contact  with  the  sensing  protrusion  39  of  the 
load  sensor  25.  More  specifically,  as  shown  in  FIG. 

25  4,  the  base  end  portion  of  the  load  transmitting 
board  40  is  coupled  through  a  pin  42  to  an  engag- 
ing  protrusion  41  formed  on  the  base  board  28; 
that  is,  it  is  cantilevered.  The  tip  end  portion  of  the 
load  transmitting  board  40  is  held  by  a  leaf  spring 

30  43  so  that  it  is  held  spaced  a  predetermined  dis- 
tance  from  the  base  board  28.  Side  walls  44  and 
44  are  provided  on  both  sides  of  the  load  transmit- 
ting  board  40  of  the  base  board  28  so  that  a 
predetermined  gap  is  held  between  the  base  board 

35  28  and  the  pillow  type  pressure  reaction  jig.  24, 
Fig.  1.  The  side  walls  44  and  44  are  used  to  guide 
the  installation  of  the  pressure  reaction  jig  24,  and 
therefore  may  be  eliminated.  The  base  board  28, 
Fig.  4,  has  though-holes  60a  through  60d  around 

40  the  load  transmitting  board  40  into  which  the  hold 
pins  50a  through  50d,  Fig.  5,  embedded  in  the 
mounting  stand  27  are  inserted,  respectively. 

The  holder  cover  29,  Fig.  5,  has  a  flat-plate- 
shaped  retaining  board  45  mounted  over  its  inner 

45  surface  which  is  confronted  with  the  base  board  28, 
in  such  a  manner  that  the  retaining  board  45  is 
aligned  with  the  load  transmitting  board  40.  More 
specifically,  the  retaining  board  45  is  mounted  on 
the  shaft  of  an  operating  handle  46,  Fig.  2, 

50  threadably  engaged  with  the  holder  cover  29,  so 
that  the  retaining  board  is  threadably  moved  to  or 
from  the  holder  cover  by  turning  the  operating 
handle  46.  The  holder  cover  29  has  a  pawl  47  at  its 
side  which  is  opposite  to  the  pivoting  side.  The 

55  pawl  47  is  engaged  with  the  locking  protrusion  31, 
Fig.  3,  on  the  mounting  stand  27.  The  pawl  47  may 
have  elastic  property  for  the  engagement,  or  other- 
wise  may  be  arranged  such  that,  as  best  shown  in 

4 
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Fig.  3,  a  rigid  pawl  47  is  pivotally  supported  onto 
the  holder  cover  29  and  biased  by  a  spring  inter- 
posed  therebetween. 

The  base  board  28  and  the  holder  cover  29, 
Fig.  3,  are  swingably  coupled  through  their  arms  to 
the  supports  32  of  the  mounting  stand  27,  and  the 
arms  are  coupled  to  each  other  through  a  rod  48. 

The  pillow  type  pressure  reaction  jig  24  is 
disposed  between  the  load  transmitting  board  40 
and  the  retaining  board  45.  With  the  pillow  type 
pressure  reaction  jib  24  interposed  between  the 
boards  40  and  45,  small  holes  49a  through  49d, 
FIG.  6,  formed  in  the  ears  26a  through  26d  are 
engaged  with  the  hold  pins  50a  through  50d,  Fig. 
5,  inserted  into  the  through-holes  60a  through  60d 
of  the  base  board  28,  respectively.  Under  this 
condition,  the  hold  pins  50a  through  50d  are  fitted 
in  pin  caps  51a  through  51  d  of  the  holder  cover  29, 
respectively.  Hence,  when,  with  the  pressure  reac- 
tion  jig  24  held  between  the  load  transmitting  board 
40  and  the  retaining  board  45,  the  pawl  47  is 
engaged  with  the  locking  protrusion  31,  the  hold 
pins  50a  through  50d  and  the  pin  caps  51a  through 
51  d  act  to  clamp  the  ears  26a  through  26d  of  the 
pressure  reaction  jig  24;  that  is,  they  serve  as  a 
pillow  holding  member. 

The  operation  of  the  pillow  type  pressure  de- 
tector  23  thus  constructed  will  be  described. 

First,  the  pillow  type  pressure  reaction  jig  24  is 
set  with  the  holder  cover  29  opened  as  shown  in 
Figs.  1  and  5.  The  holder  cover  29  is  coupled 
through  the  rod  48  to  the  base  board  28,  as  was 
described  above.  Hence,  with  the  holder  cover  29 
opened,  the  base  board  28  is  retracted  towards  the 
bottom  of  the  recess  30  of  the  mounting  stand  27 
against  the  elastic  force  of  the  spring  33  as  in- 
dicated  by  the  chain  lines  in  FIG.  3. 

In  the  embodiment,  the  pillow  type  pressure 
reaction  jib  24  is  set  by  inserting  the  hold  pins  50a 
through  50d  protruded  through  the  base  board  28 
into  the  small  holes  49a  through  49d  of  the  ears 
26a  through  26d  of  the  pressure  reaction  jig,  in  the 
space  between  the  base  board  28  retracted  and 
the  holder  cover  29  opened.  The  liquid  flow-in  pipe 
52  and  the  liquid  flow-out  pipe  53  are  fixedly  fitted 
in  the  tube  holders  54  and  55  of  the  mounting 
stand  27,  respectively.  In  this  case,  the  hold  pins 
50a  through  50d  and  the  tube  holders  54  and  55 
are  in  one  and  the  same  plane.  Therefore,  the 
liquid  flow-in  pipe  52  and  the  liquid  flow-out  pipe 
53  can  be  set  straight  in  alignment  with  the  bag 
24a. 

In  this  setting  operation,  the  load  transmitting 
board  40  has  been  retracted  towards  the  bottom  of 
the  recess  30  of  the  mounting  stand  as  indicated 
by  the  broken  lines  in  FIG.  3,  and  the  bag  24a  of 
the  pressure  reaction  jig  24  will  not  be  brought  into 
direct  contact  with  the  load  transmitting  board  40. 

This  eliminates  the  following  difficulty:  If  the  pres- 
sure  detector  is  of  the  type  that  the  base  board  28 
is  fixedly  secured  to  the  mounting  stand  27,  the 
ears  26a  through  26d  of  the  pressure  reaction  jig 

5  24  may  be  pulled.  Therefore,  when  the  small  holes 
49a  through  49d  are  engaged  with  the  pin  caps 
51a  through  51  d,  the  bag  24a  may  be  brought  into 
contact  with  the  load  transmitting  board  40;  that  is, 
the  pressure  reaction  jig  24  may  be  set  with  the 

io  bag  24a  deformed. 
At  the  start  of  the  jig  setting  operation,  the 

pressure  reaction  jig  24  is  positioned  as  indicated 
by  the  solid  lines  in  FIG.  3;  that  is,  its  position  is 
the  same  as  that  of  the  pressure  reaction  jig  24 

is  which  has  been  set.  Thus,  the  pressure  reaction  jig 
24  will  not  be  moved  so  much  until  it  has  been  set. 

This  will  be  described  in  more  detail.  In  the 
case  where  the  blood  processing  apparatus  as 
shown  in  FIG.  12  is  mounted  on  one  board,  and  the 

20  pressure  detector  of  the  invention  is  combined  with 
it,  the  aforementioned  mounting  stand  27  is  fixedly 
mounted  on  the  board  of  the  blood  processing 
apparatus  1,  and  therefore  the  pipes  of  the  blood 
pump  2,  the  filter  3,  etc.  mounted  on  the  board,  the 

25  fluid  flow-in  pipe  52  and  the  fluid  flow-out  pipe  53 
of  the  pressure  reaction  jig  24,  and  the  bag  24a  of 
the  latter  24  can  be  arranged  in  one  and  the  same 
plane.  Hence,  for  instance  in  replacing  the  pressure 
reaction  jig  24,  those  pipes  52  and  53  will  never  be 

30  bent;  that  is,  the  piping  of  the  apparatus  is  in- 
creased  in  service  life. 

After  the  pressure  reaction  jig  24  has  been  set 
in  the  above-described  manner,  the  holder  cover 
29  is  swung  from  its  position  indicated  by  the 

35  broken  lines  to  the  position  indicated  by  the  solid 
lines  in  FIG.  3  until  the  elastic  pawl  47  is  engaged 
with  the  locking  protrusion  31  on  the  mounting 
stand  27;  that  is,  the  holder  cover  29  is  closed.  In 
association  with  the  closure  of  the  holder  cover  29, 

40  the  base  board  28  is  also  swung  with  the  aid  of  the 
rod  48;  that  is,  it  is  returned  to  the  position  in- 
dicated  by  the  solid  line  in  FIG.  3.  As  the  holder 
cover  29  is  closed,  causing  the  base  board  28  to 
return  in  the  above-described  manner,  the  hold 

45  pins  50a  through  50d  inserted  into  the  small  holes 
49a  through  49d  of  the  ears  26a  through  26d  of  the 
pressure  reaction  jig  24  are  fitted  in  the  pin  caps 
51a  through  51  d  of  the  holder  cover  29,  respec- 
tively,  so  that  the  pressure  reaction  jig  24  is 

50  clamped  through  the  ears  26a  through  26d  from 
both  sides. 

In  addition,  as  the  holder  cover  29  is  closed, 
the  load  transmitting  board  40,  on  the  base  board 
28,  and  the  retaining  board  45,  of  the  holder  cover 

55  29,  clamp  the  bag  24a  of  the  pressure  reaction  jig 
24  from  both  sides  at  the  same  time.  Hence,  mem- 
bers  40  and  45,  whne  set,  do  not  twist  the  bag  24. 

5 
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Thus,  the  operation  of  setting  the  pressure 
reaction  jig  24  has  been  accomplished.  However, 
the  output  of  the  load  sensor  25  is  not  always 
correct  depending  on  how  the  pressure  reaction  jig 
24  is  set.  Hence,  it  is  necessary  to  calibrate  a 
detection  value  outputted  by  the  load  sensor  25; 
that  is,  it  is  necessary  to  set  an  initial  value  for  the 
load  sensor  25.  This  initial  value  setting  operation 
is  carried  out  as  follows:  That  is,  the  operating 
handle  46  of  the  holder  cover  29  is  turned  to  move 
the  retaining  board  45  to  or  from  the  holder  cover 
29,  thereby  to  adjust  the  force  of  pushing  the  bag 
24a  of  the  pressure  reaction  jig  24.  That  is,  the 
force  applied  to  the  load  sensor  25  through  the 
load  transmitting  board  40  is  changed.  Thus,  the 
magnitude  (initial  value)  of  the  signal  which  the 
load  sensor  25  outputs  when  no  fluid  is  supplied  to 
the  pressure  reaction  jig  24,  that  is,  when  the  latter 
24  is  not  in  use,  is  set.  By  setting  the  initial  value, 
the  gradient  of  the  output  signal  characteristic 
curve  of  the  pressure  reaction  jig  24  is  determined. 

After  the  initial  value  of  the  load  sensor  has 
been  set,  in  the  above-described  manner,  a  fluid 
under  test,  such  as  a  blood,  is  allowed  to  flow  in 
the  pressure  reaction  jig  24  through  the  fluid  flow-in 
pipe  52  and  to  flow  out  of  it  through  the  fluid  flow- 
out  pipe  53.  In  this  operation,  in  the  load  sensor  25, 
the  load  cell  reacts  to  the  pressure  of  the  fluid  in 
the  pressure  reaction  jig  24,  thus  continuously  de- 
tect  the  pressure  of  the  fluid.  A  computer  built  in 
the  detector  automatically  calculates  the  output  of 
the  load  sensor  25  according  to  the  gradient  of  the 
characteristic  curve  with  the  initial  value  set,  and 
indicates  such  calculation  as  a  detected  fluid  pres- 
sure. 

With  the  pillow  type  pressure  detector  23  ap- 
plied  to  the  blood  processing  apparatus  1  shown  in 
FIG.  12,  the  upper  and  lower  limit  values  of  each  of 
the  blood  collection  pressure,  blood  filtration  pres- 
sure,  plasma  pressure,  plasma  filtration  pressure, 
and  reinfusion  pressure,  and  the  values  between 
the  upper  and  lower  limit  values  can  be  detected 
with  high  accuracy.  Thus,  the  pillow  type  pressure 
detector  23  of  the  invention  is  excellent  as  means 
for  controlling  medical  instruments.  In  addition,  it 
can  be  installed  on  the  conventional  blood  process- 
ing  apparatus  readily  and  quickly,  which  means 
that  the  preparatory  time  can  be  greatly  reduced. 
Furthermore,  the  pressure  detector  23,  unlike  the 
conventional  drip  chamber  15,  is  free  from  the 
difficulty  that  the  filter  19  is  wetted,  and  the  appara- 
tus  becomes  out  of  order,  as  a  result  of  which  the 
medical  treatment  must  be  suspended. 

When  another  patient  comes,  a  disposable 
blood  circuit  which  is  newly  installed  on  the  blood 
processing  apparatus  1  is  washed  and  primed.  In 
this  case,  the  pillow  type  pressure  reaction  jig  24 
included  in  the  disposable  blood  circuit  is  a  new 

one,  and  therefore  the  initial  value  of  the  load 
sensor  25  must  be  set.  This  can  be  readily 
achieved  merely  by  turning  the  operating  handle 
46.  The  above-described  pressure  reaction  jig  24 

5  has  been  actually  employed  as  one  of  the  limit 
switches  for  detecting  only  the  upper  or  lower 
limits  of  pressures. 

If  the  pressure  reaction  jig  24  is  merely  com- 
bined  with  the  load  sensor  25,  then  its  bag  24a 

io  may  be  abnormally  deformed.  In  this  case,  it  is 
impossible  to  detect  pressures  accurately.  In  the 
embodiment,  in  order  to  continuously  detect  fluid 
pressures  with  high  accuracy,  the  pressure  reaction 
jig  24  is  held  as  follows: 

is  The  pressure  reaction  jig  24  and  the  load  sen- 
sor  25  are  so  set  that  they  are  free  from  distortion. 

As  for  the  load  sensor  25,  the  inner  surface  of 
the  chamber  36,  formed  in  the  base  board  28,  is 
finished  with  high  precision  so  that  the  load  sensor 

20  25  may  not  play  in  the  chamber  36.  In  addition,  in 
order  to  prevent  the  load  sensor  25  from  coming 
off  the  chamber  36,  for  instance  when  the  pressure 
reaction  jig  24  is  replaced,  the  thin-plate-shaped 
retaining  member  37  is  provided. 

25  On  the  other  hand,  as  for  the  pressure  reaction 
jig  24,  predetermined  gaps  are  provided  between 
the  bag  24a  and  the  side  walls  44  and  44  so  that, 
when  the  bag  24a  inflates  with  sensing  pressure,  it 
may  not  be  irregularly  deformed  by  the  side  walls 

30  44  and  44.  If  it  is  irregularly  deformed,  the  pressure 
applied  to  the  bag  24  is  imbalanced,  so  that  it  is 
not  correctly  transmitted  to  the  load  transmitting 
board  40.  Furthermore,  as  was  described  before,  in 
order  to  eliminate  the  difficulty  that  the  pressure 

35  reaction  jig  24  is  deformed  when  set,  the  base 
board  28  and  the  holder  cover  29  are  operated 
(opened  and  closed)  in  association  with  each  other, 
to  clamp  the  pressure  reaction  jig  24  from  both 
sides  at  the  same  time. 

40  In  the  pressure  detector  23  of  the  invention,  the 
pressure  reaction  jig  24  is  held  set  with  special 
means,  so  that  the  pressure  detecting  operation 
can  be  achieved  stably  and  free  from  distortions. 
That  is,  the  ears  26a  through  26d  of  the  pressure 

45  reaction  jig  24  are  fixedly  held  with  the  base  board 
28  and  the  holder  cover  29  so  that  the  bag  24a 
inflates  regularly  and  stably  while  sensing  the  fluid 
pressure.  The  inflation  of  the  bag,  due  to  the  fluid 
pressure,  is  transmitted,  through  the  load  transmit- 

so  ting  board  40,  to  the  load  sensor  25.  The  base  end 
portion  of  the  load  transmitting  board  40  is  pivotally 
supported  with  the  pin  42,  so  that  the  transmiting 
board  40  is  prevented  from  being  twisted.  Thus, 
the  load  is  transmitted  accurately. 

55  FIG.  9  shows  the  results  of  experiments  in 
which  fluid  pressures  were  measured  with  the  pil- 
low  type  pressure  detector  23  according  to  the  first 
embodiment  of  the  invention.  In  the  experiments, 

6 
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the  distance  between  the  holder  cover  29  and  the 
retaining  board  45  was  changed  to  provide  three 
different  initial  values.  In  each  of  the  experiments, 
the  fluid  pressure  was  gradually  increased,  and 
then  decreased  to  the  original  value.  This  method 
can  detect  the  hysteresis  in  the  output  of  the 
pressure  detector  23.  In  each  of  the  experiments, 
as  shown  in  FIG.  9,  the  values  detected  by  the  load 
cell  type  load  sensor  25,  with  respect  to  the  fluid 
pressures,  formed  a  quadratic  curve,  and  the  fluid 
pressures  were  detected  accurately  with  no  hyster- 
esis.  By  changing  the  distance  between  the  holder 
cover  29  and  the  retaining  board  45  with  the  op- 
erating  handle,  the  initial  value  of  the  load  sensor 
25  can  be  changed:  that  is,  the  gradient  of  the 
output  signal  characteristic  of  the  load  sensor  25 
can  be  determined. 

For  reference  only,  FIG.  10  shows  the  results 
of  experiments  in  which  fluid  pressures  were  de- 
tected  with  the  load  sensor  25  and  the  pressure 
reaction  jig  24  set  twisted  intentionally.  In  each  of 
the  experiments,  the  curve  formed  when  the  pres- 
sure  was  increased  was  different  from  that  which 
was  formed  when  the  pressure  thus  increased  was 
decreased;  that  is,  a  hysteresis  was  formed.  This 
means  that  it  is  important  to  set  the  load  sensor  25 
and  the  pressure  reaction  jig  24  correct  in  posture. 

FIG.  11  shows  another  pillow  type  pressure 
detector  56,  which  constitutes  a  second  embodi- 
ment  of  the  invention.  In  the  second  embodiment, 
hold  pins  58a  through  58d  of  a  base  board  57, 
supporting  the  ears  26a  through  26d  of  the  pres- 
sure  reaction  jig  24,  are  elastically  supported  by 
springs  59  in  the  base  board  57.  The  base  board 
57  is  stationary.  One  end  portion  of  the  holder 
cover  29  is  coupled  to  the  base  board  so  that  the 
holder  cover  29  is  swingable  (opened  and  closed). 
The  pressure  reaction  jig  24  can  be  set  as  follows: 
That  is,  with  the  pressure  reaction  jig  24  placed  on 
the  hold  pins  58a  through  58d,  the  holder  cover  29 
is  closed.  In  this  case,  too,  the  pressure  reaction  jig 
24  can  be  set  in  its  natural  posture,  with  the  ears 
26a  through  26d  being  not  pulled.  Hence,  the  pres- 
sure  detecting  operation  is  free  from  the  formation 
of  the  hysteresis.  The  other  arrangements,  oper- 
ations  and  effects  are  fundamentally  the  same  as 
those  of  the  first  embodiment. 

While  a  few  embodiments  of  the  invention  has 
been  described,  it  should  be  noted  that  the  inven- 
tion  is  not  limited  thereto  or  thereby.  For  instance, 
the  configuration  and  dimension  of  the  base  board 
28  or  57  and  the  holder  cover  29,  and  the  configu- 
ration  and  number  of  the  ears  26a  through  26d  of 
the  pressure  reaction  jig  24  may  be  changed  as 
the  case  may  be.  In  addition,  the  means  for  holding 
the  ears  26a  through  26d  may  be  replaced  by 
holding  means  such  as  clipping  means  or  clamping 
means.  The  pressure  detector  23  may  be  applied 

to  medical  instruments,  other  than  the  blood  pro- 
cessing  apparatus  1,  and  other  fluid  pressure  de- 
tecting  instruments. 

As  was  described  above,  the  pressure  detector 
5  is  formed  by  combining  the  pillow  type  pressure 

reaction  jig  and  the  load  cell  type  load  sensor, 
which  are  low  in  manufacturing  cost  and  have  been 
actually  used  in  the  art,  by  using  the  particular 
holder  mechanism,  according  to  the  invention.  The 

io  pressure  detector,  thus  formed,  is  high  both  in 
accuracy  and  in  reliability,  and  low  in  manufactur- 
ing  cost  and,  accordingly,  disposable.  Hence,  in 
the  case  where  the  pressure  detector  of  the  inven- 
tion  is  applied  to  a  medical  instrument,  such  as,  a 

is  blood  processing  apparatus,  the  preparatory  time  is 
much  shorter  than  in  the  case  where  the  conven- 
tional  one  is  employed.  In  addition,  the  pressure 
detector  is  substantially  free  from  failure  or  erro- 
neous  operation,  which  eliminates  the  forcible  sus- 

20  pension  of  the  medical  treatment.  Furthermore,  the 
load  cell  type  load  sensor  and  the  pressure  reac- 
tion  jig  can  be  set  and  held  correct  in  posture  so 
that  they  may  not  suffer  from  irregular  distortion. 
Hence,  no  hysteresis  occurs  with  the  pressure  de- 

25  tection  value  of  the  pressure  detector  of  the  inven- 
tion. 

Claims 

30  1.  A  pillow  type  pressure  detector,  comprising: 
a  base  board  on  the  front  surface  of  which 

a  load  cell  type  load  sensor  is  mounted; 
a  holder  cover  having  means  for  spacing 

said  holder  cover  a  predetermined  distance 
35  from  said  base  board; 

a  flat-plate-shaped  load  transmitting  board 
and  a  flat-plate-shaped  retaining  board  posi- 
tioned  between  said  base  board  and  said  hold- 
er  cover; 

40  a  pillow  type  pressure  reaction  jig  posi- 
tioned  between  said  load  transmitting  board 
and  said  retaining  board; 

a  pillow  holding  member  for  clamping  pre- 
determined  portions  of  said  pressure  reaction 

45  jig  over  said  base  board  and  said  holder  cover; 
and 

means  for  simultaneously  pivoting  said 
load  transmitting  board  and  said  retaining 
board  relative  to  said  base  board. 

50 
2.  A  pillow  type  pressure  detector,  comprising: 

a  base  board  on  the  front  surface  of  which 
a  load  cell  type  load  sensor  is  mounted; 

a  holder  cover  having  means  for  spacing 
55  said  holder  covber  a  predetermined  distance 

from  said  base  board; 
a  flat-plate-shaped  load  transmitting  board 

and  a  flat-plate-shaped  retaining  board  posi- 
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tioned  between  said  base  board  and  said  hold- 
er  cover; 

a  pillow  type  pressure  reaction  jig  posi- 
tioned  between  said  load  transmitting  board 
and  said  retaining  board;  5 

a  pillow  holding  member  for  clamping  pre- 
determined  portions  of  said  pressure  reaction 
jig  over  said  base  board  and  said  holder  cover; 
and 

means  elastically  supporting  said  pillow  10 
holding  member  on  the  side  of  said  base 
board. 

A  pillow  type  pressure  detector,  comprising: 
a  base  board  on  the  front  surface  of  which  is 

a  load  cell  type  load  sensor  is  mounted; 
a  thin-plate-shaped  depressing  member 

provided  over  the  surface  of  said  load  sensor 
for  fixedly  secure  said  load  sensor  to  said 
base;  20 

a  holder  cover  having  means  for  spacing 
said  holder  cover  a  predetermined  distance 
from  said  base  board; 

a  flat-plate-shaped  load  transmitting  board 
and  a  flat-plate-shaped  retaining  board  posi-  25 
tioned  between  said  base  board  and  said  hold- 
er  cover; 

a  pillow  type  pressure  reaction  jig  posi- 
tioned  between  said  load  transmitting  board 
and  said  retaining  board;  and  30 

a  pillow  holding  member  for  clamping  pre- 
determined  portions  of  said  pressure  reaction 
jig  over  said  base  board  and  said  holder  cover. 
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