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RESPIRATOR SYSTEM 

BACKGROUND OF THE INVENTION 

The present invention relates to a system for supply 
ing increments of pressure regulated gas of a speci?c 
controlled volume and at a controlled rate to a person 
in respiratory difficulty. The invention is especially 
suited for the accurate delivery of small quantities of 
gas so as to be useful in a respirator system for infants. 

The quantity of gas delivered to .a recipient during 
one inspiration is normally termed the tidal volume. 
The prior art devices are normally capable of delivering 
large tidal volumes of breathing gas for use with adult 
recipients that normally require gas volumes in the 
order of 300 cubic centimeters per inspiration. The 
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prior art, however, does not disclose adequate means , 
to deliver small quantities of breathing gas to recipients 
requiring small tidal volumes. Where the prior art deals 
with small tidal volumes it is inherently-difficult to con 
trol flow rates and volumes of breathing gas in a cyclic 
manner to an infant recipient in respiratory distress. 
The difficulty arises since the means to control the 
operation must receive control information from small 
quantities of low pressure gas. While the ?uid mechan 
ics of compressible gases is well understood the actual 
control of gas deliverybased on low pressure measure 
ments is inherently inaccurate. 

‘ The present system successfully alleviates the control 
problems inherent in the prior art by utilizing a gas de-v 
livery system where thedisplacement of a liquid con 
trols the delivered gas volume and flow rate. The gas 
delivery system uses a conventional gas pressure regu 
lator to control the pressure in the gas delivered. 
The control system for the respirator system allows 

the selection ‘of several modes of operation ‘and in 
cludes means for changing modes dependent on the re 
spiratory behavior of the gas recipient. The control sys 
tem is designed to change modes of operation and to 
progressively revert to the simpler modes of operation 
upon failure of any one component or subsystem. 

BRIEF SUMMARY OF THE INVENTION 

The gas delivery system consists of two chambers 
having means within the chambers to separate the 
chambers into two sections. One section in each cham 
ber is ?lled with a liquid and those two sections have 
a means of communication whereby liquid is displaced 
from one chamber section to the other. The volume of 
the liquid is set so the displaced volume of liquid equals 
the desired tidal volume. A means of regulating the liq 
uid ?ow in the communication between the ?uid cham 
ber sections determines the ?ow rate of the gas deliv 
ered. Both the control of tidal volume and ?ow rate are 
inherently more accurate than those dealing with gases 
since the controlling medium is of a constant volume 
and is incompressible. 

It is the object of the present invention to deliver ac 
curately portioned volumes of breathing gas regardless 
of requirements for small tidal volumes. It is another 
object of the invention to provide accurate ?ow rate 
control of the delivered tidal volume of gas. 

It is a further object of the present invention to pro 
vide an accurate and inherently simple means to adjust 
the volume of delivered gas. ' ' 
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2 
Another object of the present invention is to control 

the gas delivery in several modes of operation with the 
control system responsive both to the conditions of the 
gas delivery and the response of the recipient. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view of the gas portioning sys 
tem. 

FIG. 2 is a schematic view of an entire respirator sys 
tem utilizing the present invention as a means of por 
tioning quantities of breathing gas and a control system 
for the control of the respirator system. 
FIG. 3 is a schematic view of the control system used 

with the gas portioning device in a respirator system. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 illustrates an embodiment of the gas system 
having two chambers 20 and 21 with each chamber 
having liquid-?lled sections 22 and 23 and gas-?lled 
sections 24 and 25. The two sections 22 and 23 are sep 
arated from the gas sections 24 and 25 in this embodi 
ment by ?exible diaphragms 30 and 31. The two liquid 
?lled sections 22 and 23 communicate by way of pipe 
26 which includes a means of controlling the ?ow rate 
of the liquid as it passes between chamber sections 22 
and 23 shown here as the flow regulator 27. Also in the 
pipe 26 is a valve 28 for extracting a volume of liquid 
from the pipe as will be described subsequently as a 
method to control the tidal volume of gas delivered. 
The gas supply‘ portion of the system consists of a 

source of constant pressure gas shown here as the pres 
sure cylinder 32 with an associated shutoff valve 33 and 
a pressure regulator 34. The pressure regulated gas is 
directed to a valve 40 shown here as a rotary valve hav 
ing connections to gas sections 24 and 25 as well as an 
output line 36 leading to the recipientof the gas. The 
function of the valve 40 is to supply pressurized gas to 
the gas section on one chamber (as for example, 24) 
and thereby displace the diaphragm so as to deliver a 
volume of gas in the other gas section (25 in FIG. 1) 
equal in volume to the liquid displaced from section 22 
to section 23. Through the rotation of the central mem 
ber 41 of the valve 40 it can be seen that when the 
member 41 has been sufficiently rotated the source of 
pressurized gas is applied to the diaphragm in the oppo 
site chamber at that time having a large liquid section. 
The liquid is then displaced back to the other liquid 
section whose corresponding gas section delivers an 
other volume of gas. 

It should be noted that the delivery of the gas to sec 
tions 24 and 25 will depend on how the valve 40 is con 
structed. The locations of the cut-away portions of the 
valves central member 41 relative to the input locations 
of members 35, 36, 37, and 38 will determine how long 
the gas pressure is applied to each chamber for any 
given rotational speed of the central member. The use 
of a rotating valve such as shown in the ?gure has the 
advantage of being easily controlled through use of 
conventional rotational motors and controls; however, 
there are linear slide-type valve systems that can pro 
vide similar switching functions. While the valve 40 de 
termines the cyclic delivery rate by the speed of rota 
tion of the member 41 a slide-type valve would have to 
reciprocate at a controlled rate to accomplish the same 
task. The rotary valve con?guration has the added ad 
vantage of providing a source of rotation for control in 
puts that must be synchronized to the position of the 
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main switching valve 40. Such inputs are shown sche 
matically in FIG. 3. l 

The control system may also have other components 
in the gas portioning system. lnFlG. 1 two sensors 45 
and 46 are shown schematically and it is their function 
to indicate through leads 47 and 48 that the dia 
phragms 30 and 31 are at their stroke limits. 
The tidal volume of the gas delivered is easily and ac 

curately determined by ?rst ?lling both liquid sections 
21 and 22 to their capacity fully displacing the dia 
phragms 30 and 31. Valve 28 is then opened and a vol 
ume of liquid equal in volume to the desired tidal vol 
ume is then extracted from the liquid ?lled sections. 
When valve 28 is closed, alternate full displacements of 
the diaphragms 30 and 31 will deliver a tidal volume 
equal to the volume of the liquid removed with the gas 
being delivered at a rate determined by the ?ow regula 
tor 27. 

FIG. 2 shows the entire respirator system utilizing the 
gas delivery system in conjunction with a control sys 
tem. The main switching valve 40 is driven by the ro 
tary motor 50 which is controlled by a power source 53 
and its associated control system 54 shown in this em 
bodiment to be independent of the control system. The 
main switching valve 40 has a common drive to control 
valves synchronized with respect to the operation of 
the main switching valve 40. The functions of the sepa 
rate valves in the valves 51 will be disclosed in the dis 
closure dealing with FIG. 3 — the control system. Also 
sharing the common drive with the main switching 
valve 40 and the control valves 51 is a brake 52 con 
trolled by the system. 
On the output 36 of the gas delivery system is a pres 

sure vacuum sensor 55 and a mouthpiece valve‘56' both 
connected to the control system. The control system is 
shown schematically in FIG. 3. 
The control system of the present invention utilizes 

“nor” fluidic logic elements in conjunction with the 
control valves synchronously rotated with the main 
switching valve. The central member of the main 
switching valve as well as the trigger valve 70, position 
valve 80, and mouthpiece actuator valve 90 are shown 
schematically in FIG. 3 with the shaded portion shown 
of the valves indicative of the duration in time the 
valves remain open during one complete revolution of 
the main valve 40. 
The control system works in two basic modes, contin 

uous and triggered. In the continuous mode the respira 
tory rate is determined by the rate at which the main 
switching valve is rotated. The central member 41 in 
conjunction with the ori?ces from tubes 35, 36, 37, and 
38 align to supply two complete respiratory cycles per 
one revolution. In the continuous mode the position 
valve allows a fluid output for the duration of one com 
plete inspiration and exhalation. The sensors 45 and 46 
in conjunction with the mouthpiece valve 90 insure 
that if the entire tidal volume has not been delivered in 
one-half the desired respiratory cycle the low tidal 
alarm will indicate that condition. For the purposes of 
illustration, the function of the position valve 80 in con 
junction with the mouthpiece actuator valve 90 and the 
diaphragm sensors 45 and 46 will be described for one 
respiratory cycle. From this description and further de 
scriptions of other control system functions and opera 
tions, one skilled in the art can readily understand the 
operation and design of the disclosed system without 
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4 
the complete description of the system under every 
possible input condition. 

It should be understood that the symbol A means a 
?uid input; however, each fluidic component receives 
an input not shown in the schematic diagram in FIG. 3. 

The logic elements are shown schematically with a 
descriptive function adjacent the particular element. 
While the majority of elements are what are termed 
“nor” elements, elements 83 and 104 are what are 
termed “and” elements. Regardless of what the ele 
ments are called, the function adjacent the element de 
scribes its behavior. For example, F=Z+§ means there 
will be an output from that element only if there is nei 
ther an input A nor an input B. Similarly where the 
function is F=Z there will be an output from the ele 
ment only if the input A is not present. From these ex 
amples it should be apparent that where these elements 
are placed in series the outputs will be alternately pres 
ent and absent. In contrast to the previous two exam 
ples, element 83 de?ned by the function F=A-B will 
output only if both inputs A and B are present. 
For purposes of illustration it will be assumed that the 

gas delivery system is in the con?guration shown in 
FIG. 1. Chamber 20 is relatively full of liquid with the 
gas section 25 of chamber 21 connected by valve 40 to 
the recipient. As long as valve 90 delivers output but 
neither sensor 46 nor 45 is closed the output from logic 
element 82 is present. Valve 80 is synchronized with 
valve 40 in such a way that it has an output when cham 
ber 21. is delivering a gas volume and the diaphragm 
stroke limit is monitored by switch 45. When element 
82 receives no inputs it will have an output that is con 
ducted to one input of element 83 and also to valve 90. 
Valve 90 transmits this output from element 83 for 
one-half of one respiratory cycle (one-fourth of one 
revolution of the valve 90). This portion of the cycle is 
intended to be primarily the inhalation of the recipient. 
During this phase of the respiratory cycle the output 
from 82 passes through valve 90 to element 86 where 
the presence of an input prevents 86 from outputting 
to element 83. Since element 83 will only output and 
set off the alarm 84 when it has both inputs, the lack 
of input from element 86 prevents the alarm. However, 
if switch 45 is not closed in one-half the respiratory 
cycle element 82 still has an output to element 83. The 
valve 90, however, closes and prevents the transmission 
of 82's output to element 86. The lack of an input to 
element 86 causes it to output to element 83. Element 
83 now has two inputs and will output to set off the low 
tidal volume alarm. It should be apparent that the low 
tidal volume alarm will be set off when the diaphragm 
31 in chamber 21 does not reach its stroke limit (and 
therefore deliver the intended volume of gas) within 
the time determined by valve 90. 

If switch 45 is closed before valve 90 closes then the 
input through valve 80 and switch 45 will prevent ele 
ment 82 from outputting to element 83 and valve 90. 
The lack of an input from element 82 to element 83 will 
prevent element 83 from activating the alarm 84. 
Therefore, if the desired tidal volume is delivered and 
the switch 45 is closed in the time allotted by valve 90, 
the alarm 84 will not be activated. 
When chamber 20 is to deliver the gas volume the 

control system works in the same manner since valve 
80 does not output during this respiratory cycle, but its 
lack of input to element 81 produces an output from 
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element 81 that will activate the alarm 84 if switch 46 
is not closed by the time valve 90 ceases to transmit the 
output of element 82 through element 86 to element 
83. 
The output from valve 90 also controls the mouth 

piece valve 56. The valve 56 has an intake con?gura 
tion and an exhaust con?guration with the con?gura 
tion of the valve determined by elements 87 and 88 but 
with the recipient able to override the controlled con 
?guration with some small effort. 
When the system is delivering a volume of gas (be 

fore either switch 45 or 46 is closed) then element 82 
has an output to valve 90. Valve 90 will transmit this 
output for one-half of the desired respiratory cycle 
(one-fourth of one revolution of valve 90) to elements 
86 and 88. Element 88 controls the exhaust or exhala 
tion valve in valve 56 and when it receives an input 
from valve 90 it will not output and the exhaust valve 
remains closed. The output from valve 90 negates out 
put from element 86 and, therefore, element 87 out 
puts and the intake or inhalation valve is open to re 
ceive a volume of gas. ,When an output ceases to be 
transmitted from valve 90 then the intake valve closes 
and the exhaust valve is opened. The lack of output 
from valve 90 can be caused by either switch 45 or 46 
closing indicating a complete tidal volume has been de 
livered (since element 82 no longer outputs) or by 
valve 90 interrupting output from element 82. 
Normally when there is no output to element 88 di 

rectly from valve 90 there is no input to element 88 
from the sigh timer 91. However, it is desirable at some 
interval to increase the volume of the inhalation to the 
recipient above the normal tidal volume. The sigh timer 
91 normally gives no input to element 88 therefore 
leaving control of the exhaust valve to the output from 
valve 90. The exhaust valve will open only when ele 
ment 88 gets no input from either valve 90 or sigh timer 
91. Therefore, when it is desired to give the recipient 
a larger volume of gas the sigh timer 91 will give an out 
put to element 88 thereby keeping the exhaust valve 
closed and the system will then go to the next inhala 
tion phase and give the recipient a double tidal volume. 
The sigh timer 91 will have a means to vary the elapsed 
time between such occurrences. 
The output of element 86 is also connected to ele 

ment 92 which triggers a high or low pressure warning 
when it outputs. The element 92 is prevented from giv 
ing an output if any of its three inputs are positive and, 
therefore, the alarm is prevented from functioning dur 
ing the exhalation phase of respiration. This is accom 
plished since during the exhalation phase actuator 
valve 90 does not output to element 86 and therefore 
element 86 outputs to both elements 87 and 92. A posi 
tive output at 92 prevents its output and therefore al 
lows the alarm to function only to show pressure devia 
tions present on inhalation. _ . 

The previously mentioned sigh mode operates to give 
the recipient a double volume of breathing gas at an in 
terval set by a timer 91. When activated by the sigh 
timer 91, the output to element 88 prevents the exhaust 
valve from opening thereby allowing a double inspira 
tion. 
The pressure of the gas delivered is monitored in 

both the continuous and triggered mode by two pres 
sure comparitors 95 and 96. For they case of a low deliv 
ery pressure, the variable resistor 93 puts a pressure on 
the diaphragm in 95. When the pressure is low, element 
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6 
97 gets an input that prevents 97 from outputting to the 
element 92. When element 92 does not receive an 
input it sets off an alarm 115. Similarly when the pres 
sure is too high 95‘does not output and 92 again does 
not have inputs and therefore activates the pressure 
alarm 115. The alarm level is set for both high and low 
pressure circuits by the variable pressure regulators 93 
and 94. 

In the continuous mode the valves rotate continu 
ously since an input is given to element 100 continu 
ously through switch 110. When element 100 receives 
an input from any of its four inputs, the brake 52 is re 
leased and the valves are free to rotate at a rate deter 
mined by thetmotor control 54. In the triggered mode 
the patient sets the respiratory rate by way of the trig 
ger valve 70 and the vacuum switch 99. The vacuum 
switch 99 is a variable negative pressure switch prefera 
bly having a sensitivity of at least 0.5 mm of 1120. When 
the switch 110 is open and the recipient does not at 
tempt to inhale, the valves will rotate until trigger valve 
70 outputs at either of its output positions 180° apart 
to element 101 that will reverse output to element 100. 
Element 100 that controls the brake 52 will apply the 
brake when it receives no output from element 101. 
The valves 51 will not rotate until a positive input is re 
ceived at element 100. Such an input would be caused 
by the momentary closing of switch 99 by an attempt 
of the recipient to inhale. In the absence of such an at 
tempt, element 101 will output to the adjustable timer 
105 which allows the output to be transmitted for a set 
time. At the end of that set time it stops the output and 
if the switch 99 is still open element 103 will have two 
negative inputs and will output to element 104 as well 
as to timer 106. Timer 106 will transmit the output to 
element 100 which will initiate continuous operation 
until timer 106 ceases its output and the system will 
again wait a time set by timer 105 for the recipient to 
attempt inhalation. The system will again go into the 
continuous mode if there .is no closure of switch 99 
within the time set on timer 105. The apnea alarm will 
be actuated when both the output from timer 106 and 
element 103 are input to element 104. Both timer 105 
and 106 are self-resetting and will revert back to the 
transmission of any inputs to the timers after the mo 
mentary interruption at the end of their set time. The 
timers used for such an application should preferably 
have an adjustable set time of from zero to 30 seconds. 

The present invention has been described by illustra 
tions of a system utilizing fluid logic components and 
it should be understood that while fluidic logic ele~ 
ments are particularly suited for this system, the logic 
of the system may be carried out electrically with the 
valves described being analogous to switches and the 
logic elements being electrical having the same logic 
function as shown adjacent the ?uid logic elements. It 
should also be understood that the logic functions dis 
closed can be developed using multiple elements in 
combinations having different logic functions individu 
ally but combining to yield the logic function disclosed. 
The concept of the invention is limited only by the ap 
pended claims. 
We claim: 
I. An apparatus for the delivery of accurately por 

tioned volumes of gas comprising: 
a. two chambers; 



3,807,446 
7 

b. separating means within said chambers disposed to 
divide each of said chambers into two sections; 

c. ?rst connecting means allowing communication of 
a liquid in one section of one chamber with a liquid 
section in the second chamber; 

d. a volume of liquid within the two communicating 
sections less than the total volume of the two cham 
bers; 

e. a ?ow regulator in said ?rst connecting means; 
f. second connecting means from two gas-containing 

sections to a valve; and 
g. a valve disposed to alternately connect one gas 
containing section of a chamber with a pressurized 
gas source while the opposite gas-containing sec 
tion is connected to a gas-delivery system thereby 
delivering discrete quantities of said gas at a rate 
determined by said flow regulator and equal in vol 
ume to the amount of liquid alternately displaced 
from one liquid section to the other. 

2. The apparatus of claim 1 wherein said valve is a ro 
tary valve comprised of: 

a. a valve body having ori?ces therein with said ori 
?ces leading respectively to a source of pressurized 
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gas, the gas-containing section of a ?rst chamber, 
the gas-containing section of the second chamber 
and the gas-delivery system; and 

b. a rotating member within said valve body having 
at least two reliefs disposed to uncover pairs of said 
ori?ces as said member rotates. . 

3. The apparatus of claim 1 wherein said separating 
means are diaphragms. 

4. The apparatus of claim 1 where said ?rst connect 
ing means includes a valve for the removal of liquid 
from the liquid-?lled sections of said chambers. 

5. The apparatus of claim 2 wherein said rotary valve 
also contains sections separate from the switching sec 
tion with said separate sections for communicating with 
a control system of a respirator system and for supply 
ing information to said control system in relation to the ‘ 
position of the rotating member in the switching sec 
tion of said valve. 

6. The apparatus of claim 3 wherein the position of 
the diaphragms is detected at the extremities of dis 
placement by slensors proximate to said chambers. 

* * >l< * * 


