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[57] ABSTRACT 
A respirator unit has patient triggering control means 
with an isolating ?uidic repeater connected to an op 
erationalamplifying circuit employing a summing im 
pact modulator and a feedback network. Two cas 
caded stages of differentiation connect the amplifying 
circuit to an output logic gate for controlling a control 
oscillator to initiate an inhalation cycle. An inhibit cir 
cuit includes a pair of pressure taps connected to 
‘spaced points on the ?ow line. Fluidic repeaters con 
nect the taps to a ?uidic comparator. A ?uidic time 
delay means is connected to the output of the compar 
ator and connected in common to the output logic 
gate tov inhibit the triggering control means during the 
exhalation cycle. The ?uidic oscillator includes a ?ip 
flop circuit with output lines interconnected to control 
the exhalation and inhalation valves between the ?uid 
air-oxygen mixer source and the patient. Inhalation 
and exhalation time adjustment means are provided. A 
positive pressure cutoff circuit includes a ?uidic am 

_ pli?er which produces a logic on-off type signal in ac 
cordance with the magnitude of patient pressure and 
is connected to the oscillator to terminate the inhala 
tion cycle and initiate the exhalation cycle. An auto 
matic selection switch means is provided to selectively ' 
deactivate the inhalation and exhalation time adjust 
ment, and the triggering control means to control the 
respirator operating mode. 

14 Claims, 3 Drawing Figures 

87 

Ma. 

"-2285 







3,834,382 
1 

FLUIDIC RESPIRATOR CONTROL SYSTEM WITH 
PATIENT TRIGGERING RESPONSE MEANS 

BACKGROUND OF THE INVENTION , 

This invention relates to a respirator control system 
and particularly to a ?uidic control system havinga pa 
tient triggering means interconnected to permit control 
of the respirator in accordance with the breathing of 
the patient. 

In the treatment of patients, particularly under cer 
tain emergency conditions, it is necessary to assist the 
breathing of the patient by providing a source of oxy 
gen and air. Respirators are well-known and have been 
applied in inhalation therapy in emergency vehicles, 
doctors’ of?ces, clinics and hospitals to provide a mix 
ture of air and oxygen to the patient under various con 
trolled modes. A respirator control therefore desirably 
provides a plurality of different modes of operation to 
permit use of a single respirator for the various pa 
tients. In a ?rst mode, normally identi?ed as an assistor 
mode, the patient’s breathing cycle is detected and in 
terconnected into the system to control the operation 
of the respiratory device. A second controller mode is 
also normally provided in which the respirator cycle is 
operated automatically and independently of the pa 
tient’s effort to breathe. Finally, a combined mode may 
respond to a patient who does not breathe voluntarily 
within a prescribed limit to create a forced breathing 
control cycle. , 

As a respirator system is basically a ?uid supply sys 
tem, the relatively recent ?uidic art is particularly use 
ful and adapted for a control of the respirator. Both pri 
vate, governmental and institutional agencies and orga 
nizations have developed various control systems, 
many-of which include the above three modes of opera 
tion. In addition, they may provide a positive pressure 
cutoff feature to automatically terminate the inhalation 
phase of the breathing cycle at a selected inhalation 
pressure level. For example, in the assistor mode, the 
system may respond to the'rate of change of the inhala 
tion pressure such that the initial inhalation portion of 
the breathing cycle actuates the respirator to establish 
its inhalation operation. - . 

A patient’s breathing pattern may be either positive 
or negative pressure breathing. Positive pressure 
breathing is identi?ed with exhalation to a pressure 
above atmosphere or ambient, whereas negative pres 
sure exhalation is identi?ed with corresponding exhala 
tion to a pressure slightly below atmosphere and ambi 
em, with creation of a slight vacuum condition in the 
patient. When a patient exhales, the ambient pressure 
thus will ?nally reach a steady state pressure level iden 
ti?ed as the end expiratory pressure which will be 
somewhere within the negative to positive pressure 
range. Normally, the pressure is approximately within 
the range of a minus 10 centimeters of water to a plug 
10 centimeters of water. Patient triggering systems are 
interconnected with positive pressure breathing on ei 
ther an intermittent or a continuous basis. In intermit 
tent positive pressure breathing inhalator units, the pa 
tient exhales to an ambient or atmospheric pressure. 
However, exhalation pressures may include a range 
'over a relatively negative to a positive exhalation pres 
sure with respect to ambient. 

In a patient triggering system, further complications 
arise due to the various exhalation patterns’. Thus, em 
physema patients generally have difficulty in exhalation 
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2 
and‘will exhale very slowly and may even pause during 

_ the exhalation cycle. The pause may well produce a de 
crease in the ambient pressure during the exhalation 
cycle. If the triggering circuit responds to the pressure 
changes, the apparatus may respond to this pause and 
prematurely establish an inhalation cycle mode during 
actual exhalation. Although time delay means can be 
employed, breathing patterns are so erratic that it is 
very dif?cult, if not impossible, to adjust the time delay 
characteristic to accommodate the breathing of various 
emphysema patients and the like. Further, the respira 
tory apparatus obviously requires'the design of a very 
reliable system which can accurately sense the breath 
ing cycle and provide the necessary reinforcements and 
assistance in a predetermined pattern. 

SUMMARY OF THE PRESENT INVENTION 

The present invention is particularly directed to a 
sensitive, reliable ?uidic respirator control and particu 
larly to a control employing ?uidic sensing and control 
means. 

Generally, in accordance with the present invention 
' the patient triggering control means is provided and in 
terconnected to establish a control of the operation of 
the respirator in accordance with the patient’s breath 
ing cycle and in particular based on the flow direction 
with respect to the auxiliary breathing apparatus. A 
flow direction means is interconnected to the main res 
pirator system to establish a control signal in accor 
dance with the direction of ?ow with respect to the pa 
tient. The'?ow related signal inhibits a control means 
during the exhalation cycle to positively prevent the 
creation of an inhalation cycle. In a particularly novel 
and practical aspect of this invention, a pressure sens 
ing means is coupled to the ?ow line and monitors the 
pressure drop between selected, spaced points within 
the flow line with the output of the sensing means con 
nected to the patient triggering control means. 
The patient triggering control means is also con 

nected to such flow means and provides an output for 
actuating .the ?ow means in accordance with the move 
ment of the patient’s breathing faculties with an inter 
connection between the sensing means and the patient 
triggering control means for selectively inhibiting such 
triggering control means during predetermined flow 
conditions. 

In accordance with a more particular aspect of the 
present invention, the sensing ?ow line is connected to 
the respirator with a pair of pressure taps connected to 
spaced points on the flow line and with the pressure sig 
nals connected to a differential pressure response 
means, preferably a ?uidic comparator connected to 
the taps by separate ?uidic repeaters. Each ?uidic re 
peater is a diaphragm unit which de?nes a dead-ended 
input chamber for positioning of a diaphragm with re 
spect to an exhaust nozzle in an output chamber. The 
output chamber is also connected to a regulated supply 
such ‘that the pressure in the output chamber is directly 
related to the position of the diaphragm. The dia 
phragm is further resiliently biased to a ?rst level to es 
tablish a continuous positive output pressure signal re 
gardless of the magnitude of the pressure in the flow 
line and the direction of the signal. The resilient setting 
further establishes a corresponding bias output level 
from the two repeaters in the absence of flow from or 
in the ?ow line. A ?uidic ampli?er or comparator pref 
erably in the form of a summing impact modulator hav 
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ing a pair of opposed nozzles is connected to the output 
of the two fluidic repeaters. The output of the impact 
modulator is connected to a fluidic time delay means 
and a suitable logic means to establish an inhibit signal. 
This signal is applied to the triggering control means to 
inhibit the triggering control means during the exhala 
tion portion of the cycle or the like. 
The patient'triggering control means is also a fluidic 

circuit constructed in accordance with a further aspect 
of thisinvsmign w inslltde a fluidis teasers!” interqgnr 

'“rTé'c'fed to sense the breathing‘ cycle of the patient by 
connection to the respirator output system. ‘The fluidic 
repeater isolates the respirator from the fluidic control 
system and maintains a positive output pressure signal 
over the complete operating range of the respirator. 
The output of the fluidic repeater is ampli?ed and dif 
ferentiated to sense the rate of change of the patient 
conditions with the output interconnected to establish 
the inhibit signal. - 

In a particularly novel and satisfactory system, the 
output of the fluidic repeater is connected to an opera 
tional amplifying circuit including a summing impact 
modulator and in particular to one of the nozzles of a 
summing impact modulator. A feedback network is 
connected to the opposite nozzle of the impact modula 
tor and to the output of the modulator through a dia 
phragm ampli?er. This system is preferably connected 
such that under steady state conditions the feedback 
network is such as to actuate the diaphragm ampli?er 
to establish a maximum output. The output magnitude 
or level is established by the resistive network of the 
feedback unit or the feedback circuit. A drop in the 
input signal as a result of a drop in ambient pressure 
from the patient reduces the output of the impact mod 
ulator allowing the diaphragm amplifier to reduce the 
output pressure accordingly. The ampli?ed output is 
transmitted to the differentiator of the circuit. 
The differentiator means is preferably two stages of 

differentiation and each is similarly constructed with a 
summing impact modulator having opposed nozzles 
connected in common through suitable resistors as an 
input and with a differentiating capacitor means con— 
nected in the connection to one of the nozzles. The two 
stages of differentiation have been found to be quite 
significant in providing reliable response and in partic 
ular in minimizing and establishing a constant sensitiv 
ity over the negative to positive pressure range of ambi 
ent pressures. Thus, the initial or DC level changes with 
ambient pressure levels. Even though the operational 
ampli?er has a constant gain, the magnitude of the 
pressure will vary and thus increase, for example, with 
increased ambient. The output of the differentiator 
drives a logic gate having a fixed cutoff pressure level 
and, consequently, a DC shifting level could result in 
the corresponding triggering signal. The second differ 
entiator signi?cantly reduces the variation in DC level 
or the effect of the variation of the DC level. 
The basic respirator control can advantageously em 

ploy a variable pulse width fluidic oscillator having a 
pair of NOR gate means interconnected to define a flip 

‘ ?op circuit with output lines interconnected to control 
the exhalation and inhalation valves between the ?uid 
air-oxygen mixer source and the patient. 'A separate in; 
halation time adjustment means and exhalation time 
adjustment means are provided and each includes a ca 
pacitive timing means and adjustable restrictor to 
ground to permit variation and adjustment of the par 
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4 
ticular time. The output of the time adjustment means 
is connected to the input of a related gate of the ?ip 
flop oscillator circuit to provide the desired ?ip-?op re 
sponse time. In addition, the output of the triggering 
control means is interconnected to the one gate such 
that when the patient inhales slightly the associated 
triggering signal is set or reset with the flip-flop circuit 
thereby establishing an inhalation cycle. 

In addition, a- positive pressure cutoff circuit includes 
a fluidic ampli?er preferably a summing impact modu 
lator having a nozzle connected to sense the flow and 
the direction of flow. An opposing nozzle or input of 
the fluidic comparator is connected to an adjustable set 
pressure source such that the output of the amplifier is 
a logic on-off type signal in accordance with the magni 
tude of the patient pressure. The output is suitably am 
pli?ed and connected to the said gate of the oscillator. 
It thus responds to a particular inhalation pressure to 
set the flip-?op circuit or to trigger the oscillator to ter 
minate the inhalation cycle and initiate the exhalation 
cycle for a portion of the cycle. The system is provided 
with an automatic selection switch means in the form 
of a suitable ?uid pulse signal generator which is se 
lected having a plurality of output lines selectively gen 
erating signals to establish an assister mode, a control 
ler mode or an assister-controller mode. Thus, in the 
assister mode the output is connected to deactivate the 
automatic inhalation and exhalation time adjustment 
controls with the patient initiating the inhalation cycle 
through the patient triggering control. The inhalation 
phase of the cycle is terminated by the positive pressure 
cutoff circuit. The patient exhales and in response to 
the patient’s demand, the respirator subsequently recy 
cles to establish the inhalation phase of the cycle. In the 
controller mode, the patient triggering or control 
means is inhibited and the system operates under the 
complete control of the oscillator with the inhalation 
and exhalation time adjustment controls. The positive 
pressure cutoff circuit is still active when provided. 
Thus, automatic respiration is achieved by the low fre 
quency variable pulse width oscillator. The oscillator 
provides for control of the respiration rate and the in 
halation and exhalation ratio through the timing adjust 
ments. The inhalation time of the oscillator thus mainly 
functions as an override control such that in the case 
of a malfunction wherein the set pressure is not at 
tained, the oscillator will automatically cycle. 
The third combination mode is an interconnected ac 

tive combination of the controller and assister modes. 
Thus, a patient normally controls the breathing cycle so 
long as he is able. If he is unable, however, the oscilla 
tor will take over to assert and maintain automatic op 
eration. Thus, in this mode the pulse signal generator 
is essentially turned off and no circuits are inhibited. 

Further, the invention is found to provide reliable ?u 
idic control or respirator control and in particular a flu 
idic control system which will operate over a wide 
range including negative and positive ambient or exha 
lation breathing pressures and, furthermore, responds 
to various breathing rates in a reliable manner such that 
it can be readily applied to special inhalation therapy 
such as that required by emphysema patients and the 
like. ‘ 

BRIEF DESCRIPTION OF THE DRAWINGS 
' The drawings‘furnished herewith illustrate the best . 
mode presently contemplated by the inventor for carry 
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ing out the subject invention with the above advantages 
and features clearly disclosed as well as others which 
will be readily understood by those skilled in the art 
from the description of such embodiment. 

In the drawings: 
FIG. 1 is a block diagram of a respirator unit con 

structed in accordance with the teaching of the present 
invention; 
FIG. 2 is a ?uidic circuit schematic of the portion of 

the system shown in FIG. 1 illustrating the fluidic oscil 
lator and positive pressure cutoff in a preferred con 
struction of this invention; and 
FIG. 3 is a ?uidic circuit schematic of the portions 

illustrating the flow sensing means and the patient con 
trol means in a preferred construction of the present 
invention. 

DESCRIPTION OF ILLUSTRATED EMBODIMENT 

Referring to the drawing and particularly to FIG. 1, 
a respirator 1 is diagrammatically illustrated connected 
to provide air to a patient’s lungs 2 from a conventional 
air-oxygen mixer source 3. The ?ow means includes a 
connecting inhalation control valve 4 which may be of 
any suitable construction such as a conventional pneu 
matically responsive mushroom valve. An exhalation 
valve 5 is connected downstream of the valve 4 and 
couples the flow means to the lung 2 with a regulated 
discharge means for exhaust of expired air from lung 2. 
The valve means 4 and 5 are operated to establish posi-~ 
tive supply of the air-oxygen ?uid medium from the 
mixer 3 to the lung 2 during one portion of the cycle 
identi?ed as the inhalation portion of the breathing cy 
cle, and conversely are actuated to permit exit of the 
?uid in the lung 2 during the opposite or exhalation 
portion via the exhalation valve 5. Such valving struc 
ture is well-known in the art and consequently has been 
diagrammatically illustrated and no further description 
thereof is given other than as required to thoroughly 
illustrate and describe the preferred illustrated embodi 
ment of the present invention. 
Thus, the valves 4. and 5 are actuated from the output 

of an oscillator 6 which includes individual output lines 
7 and 8 connected respectively to the valves 4 and 5. 
This provides for the alternate and the opposite opera 
tion of the valves 4 and 4 to provide for the inhalation 
and exhalation cycling. A diaphragm ampli?er 9 is 
shown connected in line 8 to provide suf?cient pres 
sure for reliable operation of the exhalation valve 5 in 
synchronism with the turning on and off of the ?uid 
source 3. A positive pressure cutoff circuit 10 is con 
nected via‘ a line 11 to the oscillator 6. The cutoff cir 
cuit 10 is also connected via a sensing line 12 to the pa 
tient pressure tap associated with the valve 4 and thus 
provides an output signal directly in accordance with 
the magnitude of the patient pressure with respect to 
the lung 2. The cutoff circuit 10 is a pressure sensitive 
circuit which responds to a predetermined inhalation 
set pressure to establish an output signal at line 11 to 
terminate the inhalation cycle and automatically oper 
ate the system to open the valve 5 for the exhalation pe 
riod or cycle. The inhalation phase of the cycle is initi-, 
ated automatically by the oscillator 6 or in response to 
the output of a patient control means or trigger circuit 
means 14 having an input line 14a connected to the pa 
tient pressure tap and particularly in the illustrated em 
bodiment of the invention to the common ?ow sensing 
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6 
line 12. The output of the patient control means 14 is 
connected as an input to the oscillator 6 via the line 13 
which actuatesthe oscillator to provide signals at lines 
7 and 8 to initiate the inhalation phase of the cycle. 
A selection switch unit 15 is connected to selectively 

connect the control means 14 into the circuit. Thus, the 
selection switch unit 15 may be a three-position pulse 
signal generator having a ?rst position output terminal 
16 connected to the oscillator 6. In this mode of opera 
tion, a signal deactivates the automatic cycling of the 
oscillator 6 and maintains the control from the control 
unit 14 and the positive oscillator cutoff unit 10. Thus, 
the patient initiates the inhalation phase of the cycle 
which is terminated by the unit 10 after which the pa 
tient exhales. The inhalation cycle is again triggered by 
thecontrol unit 14. 
The selection unit 15 has a second position output 

terminal 17 which is connected to deactivate the pa 
tient control unit 14. In this mode of operation, the pa 
tient control unit 14 is cut out while the oscillator 6 is 
allowed to function in an automatic and repetitive man 
ner to continuously cycle for inhalation and exhalation. 

In a third position, the selection switch unit 15 is set 
to a dead output terminal 18 and neither of the circuits 
6 or 14 are inhibited. Consequently, the system oper 
ates under a joint control, with the patient providing 
the control to the extent possible. In the event the pa 
tient cannot or does not control the cycle, the oscillator 
6 automatically establishes a corresponding inhalation 
exhalation cycling. 

In addition and in accordance with a teaching of the 
present invention, a ?ow direction sensor 19 is inter 
connected to the ?ow line 12 through a pair of spaced 
coupling lines ,20-20a to continuously monitor the di 
rection of ?ow through the line 12 by monitoring the 
pressure drop between the connecting points or posi 
tions. The output of the ?ow direction sensor 19 is con 
nected via an output line 21' to the patient control unit 
14 and is operative to inhibit the patient control unit 14 
during a portion of the breathing cycle. In particular, 
the ?ow direction sensor is connected to inhibit the pa 
tient’s control unit 14 during the exhalation cycle. This 
is very signi?cant when the unit is applied to inhalation 
therapy in which the patient’s breathing is erratic and 
relatively slow, such as emphysema patients and the 
like. As previously discussed, such patients exhale very 
slowly and may even pause during the exhalation which 
may be accompanied with a decrease in the ambient 
pressure and triggering of the patient triggering control 
unit 14 with premature initiation of a new inhalation 
cycle. Although timing means can be employed to in 
sert a delay and thereby compensate for hesitations, the 
type, variety and lengthof hesitations are not uniform 
and it is very dif?cult and practically impossible to 
preadjust and select the magnitude of the time delay to 
accommodate breathing of various emphysema pa 
tients. The ?ow direction sensor 19 of the present in 
vention however continuously monitors the portions of 
the breathing cycle with a full range of ambient pres 
sures encountered in the usual respirator application. 

Thus, the present aspirator as shown in block dia 
gram in FIG. 1 can be applied as a general inhalation 
therapy applicator for standard and emergency proce 
dures and will provide a reliable sensitive control for all 
normal applications. The system is preferably a pure 
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fluidic control and includes an operating supply 22 of 
air or similar ?uid medium for operating of the several 
components. The supply 22 is interconnected to the 
several active components through a pressure regulator 
valve 23 to establish highly regulated output pressures 
of a suitable'level for. the various components. Thus, 
the oscillator 6 and positive pressure cutoff unit 10 are 
connected to the regulator valve 23 through a suitable 
adjustable pin valve 24 to produce a suitable pressure 
level for these components. In a practical application, 
this section is operated at relatively low pressures, for 
example, 2% psig. Similarly, an adjustable pin valve 25 
in series with a pair of paralleled ?xed resistors 26 are 
shown connecting the output of the regulator supply 23 
to the flow direction sensor 19 and the patient control 
unit 14 to establish a suitable operating pressure, for 
example, 71/2 psig. In addition, the three-way valve 27 
has a supply connection to the output of the regulator 
23 to produce a relatively high operating pressure of 
the order of 20 psig which is selectively applied to the 
air-oxygen mixer source 3 in synchronism with the es 
tablishment of the inhalation cycle. Thus, the valve in 
cludes an input control connected to the exhalation 
control line 8 via a line 27a. The exhalation valve 5 and 
the mixer source 3 are therefore operated in synchro 
nism to provide for the desired inhalation-exhalation 
cycle connection of the respirator. 
As more clearly shown in FIG. 2, the oscillator 6 is 

a variable pulse width generator producing a low fre 
quency square wave output of opposite phase at the 
lines 7 and 8. The illustrated oscillator 6‘ includes a set 
reset ?ip-?op unit 28 consisting of apair of multiple 
input NOR gates 29 and 30, with their outputs inter 
connected to each other’s inputs. The output of the 
gate 29 is connected directly’to the exhalation valve 
control line 8 and through a ?uid inverting gate 31 to 
the inhalation control valve line 7. The gates 29, 30 and 
31 may be of any suitable construction, for example, as 
shown in U.S. Pat. No. 3,604,962. 
The cycling of the oscillator is further controlled 

through a pair of time adjustment feedback circuits 32 
and 33 which, in the illustrated embodiment of the in 
vention, respectively control the inhalation time and 
the exhalation time of cycle. Thus, each circuit is simi 
larly constructed and that of the inhalation time 32 is 
described as providing an input signal or feedback sig 
nal to an input 34 of the gate 29. A capacitor 35 is con 
nected to receive a signal from the output of the gate 
29 and is connected to ground 36 through a variable 
resistor 37. The capacitor 35 is connected to the output 
of the gate 29 through a logic inverter 38 in a connect 
ing line 39 to maintain a proper logic signal condition. 
The NOR logic output signal is invertedand transmit 
ted to the capacitor 35 to establish a timed signal de 
pending upon the bleed characteristic of the resistor 
37. This signal is transmitted through a diaphragm am 
pli?er 40 and a two input gate 41 to the input terminal 
34. Feedback is prevented through a check valve 42. 
This establishes an inhalation time adjustment control 
to maintain the ?ip-flop circuit 28in a set condition 
until the capacitor 35 discharges to the switching level. 
This, in turn, transmits a signal from the gate 30 to the 
exhalation time adjustment circuit which includes a ca 
pacitor 43 similarly connected into the circuit, as 
shown by corresponding primed numbers, to maintain 
that condition for a predetermined time. 
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Thus, once the ?ip-?op circuit is actuated, the feed 

back from circuit 32 or 33 maintains the set or reset 
condition for a predetermined time period after which 
the circuit will switch to the opposite condition. The 
variable pulse width oscillator 6 thus continues to oper 
ate with the inhalation and the exhalation time periods 
separately adjustable to maintain a corresponding 
forced control of the valves 4 and 5 under the opera 
tion as described. 
As previously noted, the selection switch means 15 

includes an output terminal 16 connected to the oscil 
lator 6 to inhibit the normal automatic timed function 
ing. In the illustrated embodiment, the second input of 
each of the two input NOR gates 41 and 41' have the 
second inputs connected via lines 44 and v45 to the ter 
minal 16. The circuits 32 and 33 are thus inactivated 
andthe forced operation is inhibited, without however 
preventing operation of the set-reset ?ip-?op circuit 28 
as presently described to initiate an inhalation cycle in 
response to the output of the control unit 14 in connec 
tion with the system shown in FIG. 3. The initiation of 
the cycle is created as the result of the input signal from 
unit 14 and particularly the connection of line 13 to 
input terminal 46 of gate 30. In FIG. 2, the termination 
of the inhalation phase of the cycle is produced by a 
signal from the positive pressure cutoff unit 10 applied 
to a second input terminal. Cutoff unit 10 in FIG. 2 in 
cludes a ?uidic comparator in the form of an impact 
modulator 48 having one side connected to compare 
the pressure in the flow line 12 with a set pressure. Im 
pact modulator 48 is diagrammatically shown with a 
first nozzle 49 connected in series with a check valve 
50 to the line 12. The opposite nozzle 51 is connected 
to a pressure regulator 52 having an adjustable control 
53 for varying of the preset pressure signal applied to 
the nozzle 51. A sjitable meter 54 is provided to allow 
the operator to set the pressure at any desired pressure 
level. After the person initiates the inhalation phase of 
the cycle, a positive pressure signal will be established 
at nozzle 49 establishing a corresponding flow stream 
which is compared with the stream from the nozzle 51 
within a collector 55. At a selected set pressure, the 
output switches from essentially zero to a maximum or 
high level to produce a rapidly changing signal. The 
output may be suitably ampli?ed by a pair of NOR flu 
idic ampli?ers 56 and 57 to establish a corresponding 
logic output signal at line 1 1. The positive pressure cut 
off unit 10 thus functions in essence as a conventional 
electronic Schmitt trigger type circuit to provide a rap 
idly changing signal at line 11. Line 11 in turn is con 
nected to the input line 47 of the gate 29 to trigger the 
flip-?op circuit 28 to terminate inhalation. The patient 
then exhales untill the end expiratory pressure is estab 
lished. At the end expiratory pressure, the patient can 
slightly inhale which will activate the oscillator 6 
through the patient control unit 14. 
Referring particularly to FIG. 3, the illustrated pa 

tient control unit 14 includes a ?uidic repeater 59 
which is connected via line 14a to sense the pressure in 
the flow line 12 to provide a positive output pressure 
signal over the complete total operating ambient pres 
sure range and isolate the ?uidic control circuit from‘ 
the respirator ?ow system. The output of the fluidic re 
peater S9 is applied to an amplifying stage 60, the out 
put of which is connected to a pair of series connected 
cascaded differentiators 61 and 62, the output of which 
is a pulse signal which is coupled through a multiple 
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input NOR gate 63 to the line 13 for triggering of the 
variable pulse width oscillator 6. The NOR gate 63 is 
a suitable fluidic device such as shown in the US. Pat. 
No. 3,614,962 having a ?xed input pressure cutoff such 
that a corresponding pressure at any of the inputs es 
tablishes a logic zero output. The illustrated ?uidic re 
peater 59 may correspond to that shown in US. Pat. 
No. 3,662,779 and includes a convoluted diaphragm 64 
de?ning a dead ended input chamber 65 connected to 
line 14a. The opposite side of the diaphragm forms a 
wall of an output chamber 66 which is connected to the 
regulated supply 22 via suitable coupling restrictor 67. 
An exhaust nozzle 68 is selectively opened and closed 
in accordance with the positioning of the diaphragm 64 
to thereby regulate the back pressure in the output 

> chamber 66 and the output pressure supplied to the 
amplifying stage 60. The repeater 59 is adjustably resil 
iently loaded by a suitable spring means 69 to establish 
an initial bias level on the unit which maintains a posi 
tive pressure output in chamber 66 for both the nega 
tive and the positive pressures encountered in line 12 
from the respirator unit. Repeater 59 thus has an isolat 
ing dead-ended input means and a positive pressure 
output adjustment means. 
The output is applied to stage 60 which includes a 

fluidic ampli?er 70 shown as an impact modulator hav 
ing a ?rst nozzle connected to the output chamber 66 
and thus establishing a signal stream in accordance 
with the back pressure in chamber 66. The output line 
71 of the impact ampli?er is connected to a diaphragm 
ampli?er 72 which is similar in construction to the flu 
idic repeater and selected to have a relatively low gain 
characteristic. Thus, the, input chamber of the dia 
phragm ampli?er 72 is dead-ended while the nozzle in 
the output chamber is connected to the supply line 
through similar ?uid restrictor 73. The output line 74 
from the ampli?er is connected to the differentiating 
stage 61 and to a paralleled resistance feedback net 
work 75 to establish the input to the opposed or second 
nozzle of the fluidic ampli?er 70. The illustrated work 
includes a ?xed resistor 77 such as a crimped copper 
restrictor connected in parallel with a ?xed restrictor 
78 in series with an adjustable pin valve 79. The setting 
of the pin valve 79 controls the gain of the operational 
rate of change of the ambient pressure as re?ected at 
the repeater 59. Thus, increasing of the resistance of 
valve 79 will increase the gain to make the circuit more 
sensitive and responsive to slower rates of change of 
the ambient pressure. ‘ 
Pin valve 79 is shown coupled to an adjustable con 

trol unit>80 which may include a push and turn-control 
knob 81. Pushing inwardly on the knob 81 engages a 
clutch mechanism 82 to couple the input of the pin 
valve 79 to the rotating knob 81. This also may actuate 
a pushbutton pulse signal generator 83 to transmit a 
signal via a line 84 to the NOR gate 63 to disable the 
patient triggering circuit during the adjustment period. 

The ampli?ed output is transmitted and coupled by 
a coupling restrictor 85 to the ?rst differentiator stage 
61. The differentiator stage 61 is shown as a ?uidic cir 
cuit including an impact modulator‘ 86 connected as 
the active element with the opposed nozzles connected 
in common to the coupling restrictor 85 through indi 
vidual coupling restrictors‘87 and 88. In addition, a ca 
pacitor 89 is connected in the line to the independent 
input nozzle of the modulator 86 to establish a selected 
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time delay. A drop in the ambient pressure associated 
withthe end of the exhalation cycle is transmitted to 
stage 61 with the independent nozzle pressure momen 
tarily higher than the dependent nozzle. During the 
time delay period, the impact modulator 61 will estab 
lish an output which is directly related to the difference 
between the independent and the dependent pressure 
which in turn is directly related to the degree of ampli 
?cation provided by the operational amplifying stage 
60. The output of the differentiator thus responds to a 
slower rate of change of ambient pressure with the in 
creasing ampli?er gain. 
The output is coupled via a coupling restrictor 90 to 

the second differentiator stage 62 constructed in the. 
same manner as the ?rst differentiator stage except that 
the capacitor is connected in the line to the dependent 
nozzle. The output of the second differentiator stage is 
coupled through a suitable ?uidic logic converter 92 to 
the input terminal 93 of the NOR gate 63. 
The two-stage differentiation minimizes the effect of 

DC level or starting point drift. Thus, as previously 
noted, the ambient or starting point pressure level may 
vary ‘somewhere within a known pressure range. As the 
ambient pressure increases, the output pressure level of 
the operational amplifying stage 60 correspondingly 
increases. The second differentiator. stageminimizes 
the variations associated with drift conditions and in 
effect signi?cantly reduces the variation in the output 
signal to gate 63 with DC level input variation. The out 
put amplifying stage 60 thus will exhibit a change in 
output pressure over the range of ambient pressures or 
the span of the sensitivity adjustment. The ?rst differ 
entiator thus sees a corresponding change in pressure 
and the output varies slightly. However, the second 
stage sees only this slight variation and not the total 
variation of the output of the ampli?er 60 and conse 
quently its output will shift minimally with normal vari 
ation in the output of the ampli?er. For example, in an 
actual construction, the output of the amplifying state 
60 varied approximately 2 to 3 psig over the range of 
the ambient pressures. The ?rst differentiator output 
varied by a related few inches of water. The output of 
second differentiator stage 62 which only saw this slight 
variation at its input was shifted very minimally and by 
a generally corresponding reduced amount. ' 
Thus an appropriate rate of ‘change of the sensed 

- pressure is detected by the operational ampli?er 60 and 
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the differentiator stages 61 and 62 which supply a trig 
ger signal via the gate 63 to initiate an inhalation cycle. 
In the illustrated embodiment of the invention, a dis 
able input 94 of gate 63 is connected directly to the 
output terminal 17 of the selection switch means 15. 
When the selection switch means 15 is set to the con 
troller position, a signal is impressed upon the NOR 
gate 63 to positively prevent cutoff and transmission of 
an output signal from the control unit 14 to the oscilla 
tor 6, thereby preventing the oscillator control from 
being triggered by the control unit 14. 

In addition, when the control unit 14 is connected 
into the circuit the ?ow direction sensor 19 is interre 
lated and coupled through the Nor gate 63 to prevent 
spurious and erroneous triggering by the patient con 
trol unit 14 during the exhalation cycle or portion of 
the breathing cycle. Thus, a signi?cant reduction in the 
exhalation rate or a pause in the exhalation process cre 
ates a decrease in the ambient pressure which might be 
detected by the control unit 14 as a termination period. 
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This is prevented in the present invention by the sensor 
19 which includes a means for monitoring the pressure 
drop in a portion of the flow line 12. 

In particular in the illustrated embodiment of the in 
vention, repeaters 95 and 96, similar to the repeater 59, 
have a dead ended input chamber 97 connected one 
each to the respective lines 20. As repeaters 95 and 96 
correspond, repeater 95 is described and ‘the corre 
sponding elements of repeater 96 are identi?ed by cor 
responding primed numbers. Repeater 95 includes a 
diaphragm 98 and an adjustable set-point spring 99 in 
the input chamber to provide‘setting of a constant bias 
level. The repeaters 95 and 96 are set to provide a bal 
anced output with no flow through the line 12. The out 
put chamber of the fluidic repeater 95 is connected to 
the regulated supply valve 23 with ‘an exhaust nozzle 
100 to ground or reference. The output line 101 is con 
nected'as a first input to a summing impact modulator 
102. The output line 103 of repeater 96 is connected 
to the opposite nozzle of modulator 102. The connect 
ing lines 101 and 103 include the restrictors 104 and 
105, with the restrictor-104 made adjustable to provide 
accurate adjustment of the signals to the summing im 
pact modulator 102 in the absence of flow in the line 
12. 
The repeaters function in essentially the same man 

ner as does repeater 59 to permit maintaining positive 
output pressure signals to the system and to isolate the 
fluidic circuitry contained in the ?ow direction sensor 
19 from the ambient pressure. Thus any expired air 
which contains contaminants is not transmitted into the 
fluidic circuitry. ~ 
The output of the summing impact modulator 102 is 

ampli?ed in the illustrated embodiment of the inven 
tion by a pair of cascaded Nor gate ampli?ers 106 and 
107 via an output line 108 to an input terminal 109 of 
the four input Nor gate 63. A time delay capacitor 110 
is connected to the output line 108 to maintain the 
transmission of the output signal during the exhalation 
cycle and in particular assure that a momentary expira 
tory pressure changedoes not enable the gate 63. The 
inhibit circuitry is therefore responsive to the particular 
portion of the breathing cycle during which it is desired 
to positively inhibit the initiation of inhalation. Conse 
quently the time delay inserted into the circuit does not 
have to accommodate various pauses and the like or 
respond to the rate of exhalation. There is no need 
therefore to adjust the magnitude of the time delay to 
accommodate the various breathing conditions and 
characteristics of different patients. The illustrated 
flow direction sensor 19 operates over the full range of 
the ambient pressure encountered by a respirator in 
normal usage. ' 

Thus, in operation, the flow sensor 19 responds to the 
relative pressure at the two pressure sensing lines 20 
and 20a. Thus, if the patient is exhaling, ?ow through 
line 12 from the ?rst line 20 to the second line 20a and 
consequently the pressure on line 20 is greater than 
that at line 20a. On the other hand, if the patient is in 
haling, there is an opposite ?ow direction and the pres 

' sure at the line 20a is greater than at the line 20. These 
, two pressures are sensed by the special repeaters 9.5 - 
and 96. In the absence of flow, the signal input pres 
sures will be equal and with the bias levels of the re 
peaters properly adjusted, equal outputs are supplied to 
the impact modulator 102 which will be balanced and 
therefore not yield an output signal. When the patient 
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12 
exhales such that the signal at line 20 is greater than at 
line 20a, a pressure imbalance occurs across the impact 
modulator which generates a positive output signal. 
When the patient inhales, the pressure condition is re 
versed and the pressure imbalance is reversed and the 
summing impact modulator does not register or create 
an output. The output is therefore a logic signal directly 
related to the direction of ?ow. ' 
Thus, when the patient exhales, an output signal of 

suf?cient amplitude to inhibit the output of the patient 
triggering circuit 14 is created. When the patient in 
hales, no such signal occurs. Further, when the patient 
is exhaling, a timed delay is, in the illustrated embodi 
ment, introduced during exhalation as a result of the 
charging of capacitor 110. This maintains the inhibit 
circuit ‘until such time as a steady stage exhalation pres 
sure ‘level is reached such that momentary hesitations 
in the exhalation cycle will not result in a false release 
of the inhibit circuitry andpermit the accidental and 
erroneous triggering. 
Thus, the present invention provides reliable selec 

tively regulated control independent of the ambient 
pressure and essentially independent of the exhalation 
characteristic of the patient to thereby permit reliable 
application of the respirator to various patients. 
Various modes of carrying out the invention are con 

templated as being within the scope of the following 
claims, particularly pointing out and distinctly claiming 
the subject matter which is regarded as the invention. 

We claim: I 

1. A respirator having a fluid source coupled to a 
valved flow means for carrying ?uid to and from a pa 
tient, comprising a patient triggering circuit means for 
initiating the inhalation phase of the breathing cycle in 
response to inhalation ?ow by the patient, ?ow sensing 
means coupled to said valved means for detecting exha 
lation flow, said sensing means including a flow line 
having a ?ow in accordance with the direction of ?ow 
of said fluid with respect to the patient, a pressure sens 
ing means coupled to said flow line and monitoring the 
pressure drop between two selected spaced points in 
said flow line, and coupling means connecting said 
pressure sensing means to said patient triggering circuit 
to inhibit the triggering circuit during exhalation ?ow. 

2. A respirator control apparatus coupling a respira 
tor having a ?uid medium source and a valved control 
means for carrying fluid to and from a patient and es 
tablishing regulated breathing assistance for the patient 
through a flow means of the respirator, comprising flow 
sensing means having a flow line means connected to 
said ?ow means of the respirator and having ?ow in ac 
cordance with the direction of ?ow of said fluid in said 
flow means, and having monitoring means for connec 
tion to spaced points of the flow line means and estab 
lishing a signal in accordance with the pressure differ; 
ential between said points and thereby the direction of 
flow of fluid with respect to the patient, a patient trig 
gering control means having output means for connec 
tion to the flow means for actuating the flow means in 
accordance with the movement of the patient‘s breath 
ing faculties, and means connecting said sensing means 
to said control means to selectively inhibit said control 
means. 

3. The respirator control apparatus of claim 2 
wherein said flow sensing means includes a first pres 
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sure tap means connected to said flow line adjacent 
said respirator, a second pressure tap means connected 
to said flow line downstream of said first pressure tap 
means to de?ne with said ?rst tap means a pressure 
drop sensing means, and a ?rst and a second ?uidic re 
peater connected to the corresponding ?rst and second 
pressure tap means to isolate the sensing means of the 
breathing ?ow means and establish a pair of positive 
pressure signals over the operating range of the respira 
tor, 

4. The respirator control apparatus of claim 3 
wherein each repeater includes a diaphragm de?ning a 
closed input chamber and an output chamber, said out 
put chamber being connected to a regulated supply and 
having an exhaust nozzle selectively opened and closed 
by the position of the diaphragm, means resiliently pre 
loading the diaphragm to maintain a positive output 
pressure signal over the complete operating range of 
the respirator, and a ?uidic comparator means estab 
lishing a selected output in response to flow associated 
with patient exhalation and a zero output associated 
with patient inhalation. 

5. The respirator control apparatus of claim 4 having 
a time delay capacitor means connected to the output 
of the ?uidic comparator means to inhibit the trigger 
ing control-means until a stable exhalation period is 
created. 7 

6. The respirator control apparatus of claim 4 opera 
ble over an ambient pressure range of —l0 cm of H20 
to +10 cm of H20 and wherein said repeater diaphragm 
includes an annular convolution and is preloaded by an 
adjustable spring means to maintain said positive out 
put pressure signal over said pressure range, said ?uidic 
comparator including an impact modulator having a 
pair of opposed nozzle means connected respectively 
one each to each of said output chambers and estab 
lishing said selected output, ?uidic logic ampli?ers con 
nected to the output of the impact modulator, a time 
delay capacitor means connected to the output of the 
ampli?ers, said triggering control means including a 
?uidic “Nor” gate having a ?rst input connected to said 
capacitor means and to said modulator to inhibit the 
triggering control means until a stable exhalation pe 
riod is created. 

7. The respirator control apparatus of claim 2 
wherein said triggering control means includes a dia 
phragm ?uidic repeater having a deadended input 
chamber connected to said ?ow sensing line and an 
output chamber with an exhaust means regulated by a 
common chamber diaphragm, an operational ampli?er 
including a ?uidic amplifier means connected to the 
output of the repeater and a feedback network includ 
ing adjustable resistance means connected to said flu 
idic amplifier means, a first ?uidic differentiator con 
nected to the output of said ?uidic ampli?er means, a 
second ?uidic differentiator connected to the output of 
the ?rst differentiator, a logic gate connected to the 
output of said second differentiator to control the ?ow 
means. 

8. The respirator of claim 7 including a diaphragm 
amplifier having a vdeadended input chamber con 
nected to the output of the ?uidic ampli?er means and 
an output chamber connected to said feedback net 
work and to said ?rst ?uidic differentiator. 

9. The respirator of claim 2 wherein the flow means 
includes inhalation valve means and exhalation valve 
means and a fluidic variable pulse width oscillator cou 
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pled to alternately activate the inhalation valve means 
and the exhalation valve means, said oscillator having 
an inhalation time adjustment means and an exhalation 
time adjustment means, each of said adjustment means 
including a capacitive means and an adjustable bleed 
restrictor means connected to said capacitive means. 

10. The respirator of claim 9 whereinsaid fluidic 
variable pulse width oscillator includes a pair of “Nor” 
gates connected to de?ne a ?uidic ?ip-?op circuit with 
a pair of output lines connected to the opposite of said 
gates and to alternately activate the inhalation valve 
means and the exhalation valve means, said inhalation 
time adjustment means and exhalation time adjustment 
means-being connected to said “Nor” gates to actuate 
said ?ip-?op circuit. _ 

11.,The respirator of claim 9 having a positive pres 
sure cutoff means connected to said flow line and to a 
set pressure source means and connected to said oscil 
lator to terminate the inhalation cycle at a selected in 
halation pressure, and said triggering control means 
connected to said oscillator to initiate the inhalation 
phase of the breathing cycle. > 

12. The respirator of claim 11 having a selector 
switch means connected to said oscillator and to said 
triggering control means and having a ?rst position to 
inhibit the inhalation adjustment means and the exhala 
tion adjustment means and having a second position in 
hibiting the triggering control means and a third non 
inhibiting position. 

13. The respirator control apparatus of claim 2 oper 
able over an ambient pressure range of ~10 cm of H20 
to +10 cm of H20 and having a ?rst pressure tap means 
connected to said flow line adjacent said respirator, a 
second pressure tap means connected to said flow line 
downstream of said ?rst pressure tap means, a ?rst and 
a second fluidic repeater connected to the correspond 
ing ?rst and second pressure tap means, each repeater 
including a diaphragm having an annular convolution 
and de?ning a closed input chamber and an output 
chamber, said output chamber being connected to a 
regulated supply and having an exhaust nozzle selec 
tively opened and closed by the position of the dia 
phragm, a spring means resiliently preloading the dia 
phragm to maintain a positive output pressure signal 
over the complete operating range of the respirator, a 
?uidic comparator including an impact modulator hav 
ing a pair of opposed nozzle means connected respec 
tively one each to each of said output chambers and es 
tablishing a selected output in response to flow associ 
ated with patient exhalation and a zero output associ 
ated with patient inhalation, ?uidic logic amplifying 
gate means connected to the output of the comparator, 
a time delay capacitor means connected to the output 
of the gate means, said triggering control means includ 
ing an output ?uidic “Nor" gate having a ?rst input 
connected to said capacitor means and to gate means 
to inhibit the triggering control means during the exha 
lation cycle, said triggering control means including a 
third fluidic repeater corresponding to said ?rst and 
second repeaters and having an input chamber con 
nected to said flow sensing line, an operational ampli 
?er including a ?uidic impact modulator having ?rst 
and second nozzle means in opposed relation with the 
?rst nozzle means connected to the output of the third 
repeater and the second nozzle means connected to a 
feedback network, said feedback network including ad 
justable pin valve means, a diaphragm ampli?er having 
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a deadended input chamber connected to the output of 
the impact modulator and an output chamber con 
nected to said feedback network, a ?rst fluidic differen 
tiator including an impact modulator with a pair of op 
posed nozzles connected in common to the output of 
said last-named diaphragm ampli?er and having a ?u 
idic capacitor between one of said nozzles and the com 
mon connection, a second ?uidic differentiator having 
a corresponding impact modulator to said ?rst and vhav 
ing a common connection to the output of the ?rst dif 
ferentiator and having a fluidic capacitor in the con 
nection to the opposite one of said nozzle means, and 
a logic inverter gate connecting the output of said sec 
ond differentiator to a second input of said output flu 
idic NOR gate. ' a 

14. The respirator of claim 13 wherein the ?ow 
means includes inhalation valve means and exhalation 
valve means and including a ?uidic variable pulse width 
oscillator having a pair of NOR gates connected to de 
?ne a fluidic flip-flop circuit with a pair of output lines 
connected to one of said gates and coupled to alter 
nately activate the inhalation valve means and the ex 
halation valve means, said oscillator having an inhala 
tion time adjustment means and an exhalation time ad 

16 
justment means, each of said adjustment means includ 
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ing a capacitive means and an adjustable bleed restric 
tor means connected to said capacitive means, a posi 
tive pressure cutoff means including an impact modula 
tor connected to said flow line and to a set pressure 
source means and connected to a ?rst of said gates of 
said oscillator to terminate the inhalation cycle at a se 
lected inhalation pressure, said triggering control 
means having said output fluidic “Nor” gate means 
connected to the second of said gates of said oscillator 
to initiate an inhalation cycle, and a selector switch 
means connected to said oscillator and to said trigger 
ing control means and having a first position to inhibit 
the inhalation adjustment means and the exhalation ad 
justment means and having a second position inhibiting 
the triggering control means and a third non-inhibiting 
position, said selector switch means being constructed 
to establish fluidic control signals, said oscillator and 
triggering control means having logic gates, said switch 
means being connected to said logic gates for selective 
inhibiting of said oscillator and said triggering control 
means. 

* * * * * 


