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Wayne W. Hay, Madison, Wis., assignor to Air Redic 
tion Company, incorporated, New York, N.Y., a cor 
poration of New York 

Filed Sept. 16, 1957, Ser. No. 684,18 
20 Claims. (C. 128-29) 

This invention relates to apparatus for artificially res 
pirating a patient, or assisting respiration, and particu 
larly to apparatus of this type adapted to be used in con 
junction with the administration of inhalant anesthetics 
to patients. 

Typical apparatus employed heretofore for artificial 
respiration or resuscitation have provided a positive pres 
Sure inflationary phase, corresponding to the act of in 
halation, in a normal breathing cycle, and, in many in 
stances, a negative pressure phase, corresponding to the 
act of exhalation in a normal breathing cycle. By suc 
cessively delivering and exhausting gases in such a man 
ner to and from a patient, between predetermined limits 
of pressure, ventilation of the patient's lungs and conse 
quent oxygenation of the blood therein may be achieved. 
When suitable concentrations of anesthetic gases are 
mixed with the respired gases, anesthetization of the pa 
tient may be achieved and/or maintained simultaneously. 
Certain surgical operative procedures require such res 
piration of the patient while under the anesthesia. 

It has been found, however, that positive and negative 
pressure phases of respiration may be imposed on a 
patient in such a way as to have an undesirable effect on 
the blood circulation in the lungs, thus inhibiting the de 
sired alveolar exchange whereby oxygenation of the blood 
is achieved. Available apparatus, generally, have either 
not afforded the desired respiratory phases corresponding 
to optimum physiological conditions or have not been 
adapted to facilitate or furnish the desired adjustment 
or control of such phases of the respiratory cycle. For 
example, such apparatus have not afforded in any safe 
and effective manner a flexibility of adjustment of the 
duration of the respective phases independently of other 
factors such as gas flow and pressure, or an independently 
adjustable rest phase corresponding to atmospheric pres 
Sure within the respiratory tract. In addition, the appa 
ratus heretofore available frequently involve cumbersome 
valve and control mechanisms whose physical embodi 
ment is entirely too awkward for efficient use or opera 
tion, particularly in operating rooms and the like. 

Accordingly, it is an object of the present invention to 
provide an improved respirator apparatus effective to 
produce positive pressure inhalation, negative pressure 
exhalation and atmospheric pressure rest phases of in 
dependently adjustable duration. 
A further object of this invention is to provide such 

improved respirator apparatus wherein the timed dura 
tion of said respective phases is controlled independently 
of the rate of gas flow or of the gas pressure therein. 
A further object of this invention is to provide a res 

pirator in which the duration of both the inhalation 
and/or exhalation phases of the respiratory cycle can 
be limited by the degree of positive and/or negative pres 
Sures respectively associated therewith. 
A further object of this invention is to provide a res 

pirator which is sensitive to the demands or breathing 
efforts made by the patient to the extent that the respira 
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tor will respond by eliminating obstruction to, or actually 
assisting, the patient's own respiratory efforts in the event 
that these efforts occur out of phase with the automatic 
operation of the respirator. 
A further object of this invention is to provide a res 

pirator in which the automatic cycle can be selectively 
limited at the discretion of the operator to exclude the 
rest phase or any of the other phases, or to vary the 
Sequence of the phases as they occur in a respiratory cycle 
induced by the respirator, 
A further object of this invention is to provide a res 

pirator in which the respiratory efforts of the patient can 
be used to control the cycling of the device to permit it to 
assurine the burden of the work of respiration. 
A further purpose of this invention is to provide an 

electrically actuated respirator which will, in the event 
of failure of the supply of gas and/or electric power sup 
ply "fail safe” to the extent of permitting the patient to 
breathe under atmospheric pressure without obstruction. 
A still further object of this invention is to provide an 

improved respirator embodying sequentially operated 
valve means having separate, timed phases corresponding 
to the respective phases of the respiratory cycle. 
A still further object of this invention is to provide a 

valve device of unique design, especially adapted for use 
in a respirator, wherein a single source of actuating fluid 
may be selectively controlled by said valve to produce 
each of the respiratory phases. 

Still another object of this invention is to provide a 
respirator adapted for use during gaesous surgical anes 
thesia as well as other types of anesthetic procedures and 
also in the absence of any anesthetic procedure. 
These and other objects and advantages of the present 

invention will be better understood by reference to the 
following description of one embodiment thereof and the 
accompanying drawings in which: 

FIG. 1 is a schematic illustration of a respirator in 
accordance with the invention including an improved 
control valve means, and having operatively associated 
thereWith a closed anesthetic administering circuit in 
which the desired, independently controlled, respiratory 
phases may be applied to a patient; 

FIG. 2 is a longitudinal sectional view of the control 
valve illustrating its operative position corresponding to 
the inhalation phase; 

FiG. 3 is the same sectional view as in FIG. 2 but 
showing the valve in exhalation phase position; 

FIG. 4 is the same sectional view as in FIG. 2 but 
showing the control valve in a rest phase position; 

FIG. 5 is an end view of the control valve looking at 
the actuating rod end thereof; 

FIG. 6 is a combined schematic illustration of the con 
trol valve and solenoid actuating mechanism therefor and 
stepping switch and electrical control circuit for energiz 
ing the solenoids and controlling operation of the valve; 
and 

FIG. 7 is a schematic illustration, similar to FIG. 6, 
showing certain modifications. 

Referring now to FIG. 1, a respirator control valve 
mechanism designated generally by the numeral 10 is 
shown having a gas supply conduit 11 for delivering a 
gas under pressure, such as compressed air or oxygen 
and a conduit 12 operatively connected to a closed 
anesthetic circuit shown schematically at 14. The 
anesthetic circuit embodies conventional elements includ 
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ing a face mask 16, inhalation check valve 18, exhalation 
check valve 20, and carbon dioxide absorber 22. A 
typical anesthetic vaporizer 24 is shown connected in the 
anesthetic circuit in which the vapors of a volatilized 
agent such as ethyl ether may be admixed with the circuit 
gases and delivered to the patient. The vaporizer may, 
however, be disconnected from the circuit and suitable 
anesthetic vapors supplied in another manner such as by 
metering from an outside source together with the make 
up oxygen, through the delivery conduit 26. An expand 
able bellows 28 connected in the circuit by a flexible con 
duit 30 corresponds to the rebreathing bag of a usual 
closed cycle anesthetic circuit. The check valves 18 and 
20 function to maintain a unidirectional, circulating flow 
of the respiratory gases, the exhalation gases passing 
from the mask through the exhalation side 32 and the 
returning gases being supplied to the mask through the 
inhalation side 33 of the circuit. It will be seen that, as 
in the conventional closed breathing circuit, the exhala 
tion volume is accommodated by expansion of the bel 
lows 28 which then collapses or returns to its original 
size as the volume of gas is delivered therefrom upon in 
halation. 

In such an anesthetic circuit it is common to assist the 
respiration of the patient by physically compressing 
and/or expanding the bellows, which then functions as 
a pump whereby volumes of gas determined by the dis 
placement of the bellows are circulated to and from the 
patient corresponding to the phases of an artificial respira 
tion cycle. For this purpose, the bellows is encased in 
a transparent shell 34 which is sufficiently large to accom 
modate the desired displacement of the bellows from the 
fixed end support 35. The bellows are preferably ar 
ranged vertically therein and provided with a counter 
weight mechanism 36 which compensates for the weight 
of the bellows. By means of the connecting tube 12, 
the control valve 10 selectively controls the pressure with 
in the shell 34, thereby governing the operation of the 
bellows and controlling or assisting the respiration of the 
patient. 
The control valve 10 has three operative positions: 

inhalation position in which gas under positive pressure 
is delivered to the shell 34; exhalation position in which 
Suction is applied to the conduit 12 causing evacuation 
of the shell 34 and expansion of bellows 28; and, rest 
position in which conduit 12 and shell 34 are opened 
directly to the atmosphere. The three operative positions 
are obtained by longitudinal displacement of the actuat 
ing, or push, rod 40 of the control valve, which is shown 
in FIG. 1 in its normal, extreme-rightmost, rest position 
to which it is biased by a tension spring 41. The rod 40 
is adapted to be retracted to two successive positions, cor 
responding respectively to exhalation position and inhala 
tion position by the energization of solenoids, 42 and 
43, whose plungers, 42 and 43', respectively, are pin 
connected to a transverse yoke Y which, in turn, is con 
nected at its center, by means of a pin, to the rod 40. 
The solenoids are energized by means of an electrical 
control circuit, shown in FIG. 6 and hereinafter described 
in detail whereby the control and adjustment of the re 
spective phases of respiration is achieved in accordance 
with the advantageous features of the present invention. 
The construction of the control valve 10 is illustrated 

in greater detail in FIGS. 2, 3, 4 and 5. Referring there 
to, it may be seen that the valve comprises two, fixed 
body sections 44a and 44b in which are received, respec 
tively, the conduit 12 communicating with the respirator 
shell chamber 34 and the gas delivery conduit 11. The 
body sections are interconnected by dual slide rods 46, 
FIGS. 3, 4 and 5, on which a composite valve block 48, 
compirsing two relatively movable sections 48a and 48b, 
is slidably mounted. The valve may be mounted, as may 
be desired, by means of mounting fixtures M. 
The rod 40 is threadedly connected to the plate 48b at 
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4. 
tion 44b wherein it is slidably received in a substantially 
gas-tight manner. A reduced section 4.0a of the actuat 
ing rod forms an annular manifold chamber 52 and is 
arranged, selectively, to close off the inlet conduit 11, or 
alternatively interconnect said inlet through the chamber 
52 with either of two outlet passages 54 and 56. It will 
be seen that these passages receive connecting tubes 54a 
and 56a respectively which extend to and are received in 
the body section 44a. The tube 54a is received in a 
fitting which opens directly into a chamber 58 and the 
tube 56a is received in a fitting which opens into the 
chamber 58 through a venturi nozzle 60. The chamber 
58 connects directly with the conduit 12 and has an open 
ing 62 confronting the nozzle 60. The tubes 54a and 56a 
are provided with needle valves 54b and 56b respectively 
which afford adjustment of the gas flow therethrough. 
The body section 48a is adapted to be placed flush 

against the annular seating surface 64 surrounding the 
chamber outlet 62 and is provided with a venturi passage 
66 which is thereby placed in communication with the 
chamber 58 and venturi nozzle 60. At its opposite end 
the venturi passage is adapted to be occluded by the plate 
48b having a shoulder 68 which seats around the terminal 
opening thereof. A conical protrusion 69 in the inner 
face of the plate 48b is provided to reduce the turbulence 
in the gas discharged through the venturi passage when 
the plate 48b is spaced away therefrom as hereinafter de 
scribed. It will be seen that two screws 70 threadedly 
seated in the plate 48b project inwardly therefrom and 
are received in longitudinal bores 72 in the block 48a. 
Compression springs 74 disposed on the shanks of the 
ScreWS are compressed between shoulders 75 in the bores 
and the face of plate 48b, thus producing a bias tending to 
Separate the sections 48a and 48b of the valve block 48. 
The separation of these members is limited to a predeter 
mined extent by the heads of the screws 70 which engage 
the shoulders 75 and effectively cause the section 48a to 
move toward the right with the section 48b in response to 
outward movement of rod 40, after such allowable rela 
tive displacement between the members 48a and 48b. 
has taken place. 

In the position shown in FIG. 2, gas is delivered through 
conduit i and the annular space 52 around the reduced 
Section of push rod 40 into conduit 54 where the rate of 
flow is adjusted by needle valve 54b and delivered through 
conduit 54a to chamber 58 from which egress is provided 
by conduit 12 to the shell 34 thereby inflating the patient's 
lungs. Inflation will progress until the valve is shifted to 
another phase of the respiratory cycle, or until a suitable 
pressure relief valve (not shown in this figure) would pre 
vent further increase in pressure. 

After inflation of the lungs has been achieved to the 
desired extent, the volume of gas thus injected is removed 
by the application of a suitable degree of negative pres 
Sure. As shown in FIG. 3, this is accomplished by mov 
ing rod 40 to the right with relation to the valve body 44b. 
This occludes the passage between conduit 11 and conduit 
54 and opens the passage between conduit 11 and conduit 
56 through which the compressed air or other gas is de 
livered to needle valve 56b (FIG. 2) by means of which 
pressure delivered to venturi nozzle 60 is adjustably lim 
ited. Valve section 48b moving simultaneously with rod 
40 opens up passage 66 through which the compressed air 
from venturi nozzle 60 together with the gas which it 
aspirates from chamber 58 and conduit 12 is exhausted to 
atmosphere, providing the aforesaid application of nega 
tive pressure and the consequent deflation of the lungs. 
It will be noted that in the position shown, shoulder 64 
Surrounding the opening 62 remains in substantially gas 
tight relation with the engaging face of the section 48a, 
under the bias of springs 74. 
When the lungs have been sufficiently evacuated, they 

may be brought to pressure equilibrium with the atmos 
phere by moving rod 40 still further to the right with re 

its inner end and extends through a bore 50 in body por- 75 spect to valve body 44b to the limits of its travel as shown 
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in FIG. 4. In this position, the plate section 4Sb stops 
against the end of valve body 44b and the full cross sec 
tional area of rod 40 occludes conduit Si preventing flow 
of gas into either conduit 54 or conduit 56. Simulta 
neously, the heads of screws '70 acting upon the shoulders 
75 pull block 43b out of contact with valve body 44a, 
leaving an open space 62a through which the opening 62 
of chamber 58 is vented to the ambient atmosphere. The 
conduit 2 is thereby connected to the atmosphere making 
it possible for the patient either to exhale or inhale without 
any material obstruction or interference. 
From the above description, it is apparent that the work 

of respiration is done by the energy of compressed air or 
other suitable compressed gas controlled entirely by the 
Successive positioning in repetitive sequence of push rod 
40 to each of the positions shown in FIGS. 2, 3 aid 4. 
It is through the mediurn of this push rod that the control, 
manual or automatic, is applied for the operation of the 
respirator. 
A preferred embodiment of an electrical control system 

for the respirator is shown in FIG. 6. Electric power is 
supplied by a source P. Line 88 from power source P 
is connected through Switch 90 to the solenoids 92a, 94a 
and 96a and the switches 92b, 94b and 96b of the corre 
sponding, normally-open, slow-closing, adjustable time 
delay relays 92, 94 and 96. The opposite terminals of the 
time delay relay switches 925, 94b and 96b are connected 
through conductor 98 to terminal 99 of the solenoid 83a 
of a stepping switch assembly (9. The other terminal 
99a of the solenoid is connected through main power 
switch 10 to the power source P. The main power 
switch 0 is a pressure switch of a well known type ar 
ranged to close its contacts only when pressurized through 
communication with the gas delivery conduit 1 above a 
lower limiting value, in this case that pressure below which 
the respirator will not function satisfactorily. Failure of 
the gas supply pressure will cut off power to the control 
circuit and allow the respirator to "fail safe,” as later de 
scribed. The stepping switch assembly 68 is of the type 
commonly adapted to shift its switching elements to close 
one or more new circuits and open all others each time 
a pulse of current is applied to its actuating Solenoid and 
removed. In this particular embodiment the actuating 
solenoid, through suitable rachet means 202 rotates disc 
switches 104 and 106 simultaneously through three suc 
cessive positions (one of which is shown) so that contact 
is established successively between the contact 94a and 
one of contacts 04b, 104c and i04d, and simultaneously 
between the contacts 16a and one of contacts 85b, 66c 
and 0.6d. 
The solenoids 92a, 94a and $6a of time delay relays 92, 

94 and 96 are connected respectively to contacts (6d, 
196b and 196c of the stepping switch. 69, and the corn 
mon contact C6a of this switch is connected by conduc 
tor 68, through main power switch 61, to the power 
source P. 

Closing switches 90 and 10A will permit current to flow 
through solenoid 92a of time delay relay 92 with the step 
ping switch in the position shown in FIG. 6. After the 
interval of delay, the switch 92b will close, permitting cur 
rent to flow through the solenoid 100a of the Stepping 
switch 100. The operation of this solenoid will cause 
the switch to break the connection between contacts i06a 
and 106d and establish it between contacts (6a and 6b. 
The breaking of contact between 196a and 06d will cut 
off the current through solenoid 92a of time delay relay 
92 and permit the switch 92b to open, cutting off current 
to solenoid 300a of the stepping Switch. 
The establishment of the connection between contacts 

106a and 106b will permit current to flow through the 
solenoid of time delay relay 94, the switch 94b of which 
will close after a suitable interval, again applying current 
to solenoid 100a of the stepping switch 109. Another 
movement of the switching elements will occur, interrupt 
ing the current supply to the Solenoid 94a of time delay 
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relay 94, permitting the switch. 94b to open and cutting off 
current to solenoid 9ta of the stepping switch. Simulta 
neously the circuit to the solenoid of time delay relay 96 
will be closed, and after a suitable interval the Switch 96b 
will close, providing current again for the operation of 
solenoid E.2a of the stepping switch. GE to bring it back 
into the position from which it started. This cycle will 
repeat indefinitely. 

It is apparent that the adjustment of the delay time of 
each time delay relay can be accomplished without affect 
ing the delay time of either of the other two. 

Selecting time delay of relay 92 controls the duration 
of the inhalation phase of the respiratory cycle; that of 
time delay relay 94 controls the exhalation phase; and 

5 that of time delay relay 96 controls the rest phase, since 
the phases occur in that order. To apply this timed se 
quence control to the respirator valve assembly, push rod 
40 of control valve 10, seen schematically in this figure, is 
biased away from the valve body by the tension spring 
4. Rocker arm Y is pivotally mounted at its center to 
the push rod 46 and at its extremities to the armatures 
or plungers, 42 and 43', of solenoids 42 and 43. They 
are shown in their extended positions with no current 
flowing through them (their “fail safe' positions) and 
the respirator valve in the position shown in FIG. 4, so 
that the patient connected to an extension of conduit 12 
is free to breathe at atmospheric pressure. 
One terminal of each of the coils of solenoids 42 and 

43 is connected through line 50 and line 11 to the 
power source P. The other terminal of the coil of 
solenoid 43 is connected to contact 06d of the stepping 
switch E00 and the other terminal of the coil of solenoid 
42 is connected to contacts C4b and 4d of the step 
ping switch. If switches 90 and 20A are closed, it will be 
observed that solenoids 42 and 43 are simultaneously 
energized during the delay period of time delay relay 92. 
The arnatires 42 and 43' will both be retracted and rod 
40 will be moved inwardly to the full extent of its stroke 
so that the respirator valve assembly is in the inhalation 
position as shown in FIG. 2. At the end of the delay 
period, the switching operation which follows will cut 
off the current to solenoid 43 but will retain current 
through solenoid 42 because of the latter's connection to 
contact (24b. This permits the right-hand end of rocker 
arm Y to rise through its full stroke and the center to 
rise through half its stroke, leaving the respirator valve 
assembly in the position shown in FIG. 3 corresponding 
to the exhalation phase. 
The switching operation following the period of the 

exhalation phase will advance the stepping Switch once 
more and cut off current from solenoid 42, permitting the 
left end of rocker arm Y to rise to its full stroke and the 
center to rise the second half of its full stroke, bringing 
the respirator valve assembly to the position shown in 
FIG. 4, corresponding to the rest phase. At the end of 
the period of rest, the switching operation which follows 
will return the circuit to the position from which it started. 
This cycle will repeat indefinitely. 
To make the device responsive to the demands of the 

patient, there is connected to conduit 12 a pressure actu 
ated device S2, having a chamber 12, one wall of 
which is a thin, pressure-responsive diaphragm 114. 
Mounted centrally on but electrically insulated from the 
diaphragm is a screw 15 upon which are threaded two 
contacts AE6 and 17. Interposed between these two 
contacts is a third contact 118 fixed with respect to device 
12 and insulated therefrom, and connected through a 
manual switch 9 and conductor 98 to terminal 99 of 
solenoid 0a of stepping switch assembly 100. The con 
tacts 16 and 117 are individually and independently ad 
justable toward or away from contact 18 by means of 
their threaded engagement with screw 115 which is elec 
trically connected through line E0 and line 11 with 
power source P. It will be observed that when the res 
pirator is operating on the automatic time cycle as above 
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described, the closure of switch 119 will result in the 
delivery of a pulse of current through solenoid 400a of 
stepping switch 160 at any time the pressure in chamber 
112' increases to the point where contact 116 touches 
contact 118, or when the pressure in chamber 112' falls 
low enough so that contact i7 touches contact 118. The 
pressures at which these events will occur depend en 
tirely upon the adjustment of contacts 1:6 and 17 with 
respect to screw 115. 

Take, for example, a case in which the respirator is 
operating in its normal automatic time cycle as before 
described and the time intervals and rates of gas flow are 
so adjusted that the shift from inhalation to exhalation 
phase occurs normally before the pressure in the conduit 
12 and chamber 112' has risen to 10 mm. of mercury 
positive pressure and that the shift from exhalation phase 
to rest phase occurs before the pressure in conduit therein 
has fallen to 10 mm. of mercury negative pressure. With 
the adjustments of contacts 16 and 117 such that slightly 
more than i0 mm. of mercury positive pressure (or 10 
mm. negative pressure) in chamber 112' is required to 
force these contacts to touch stationary contact 118, the 
patient will be normally respired at the adjusted automatic 
rate determined by the setting of the time delay unless 
the patient makes some respiratory effort which opposes 
the operation of the respirator. If the patient attempts 
to exhale when the respirator is engaged in inflating his 
lungs, pressure will rise quickly and the resulting closure 
of contact 116 with contact 118 will send a pulse of cur 
rent through solenoid 100a of stepping switch assembly 
100, causing the stepping switch to advance one step and 
throwing the respirator immediately into the exhalation 
phase, thus reinforcing the patient's own efforts. If the 
patient attempts to inhale while the respirator is attempt 
ing to evacuate his lungs, the resulting negative pressure 
will pull contact 117 against stationary contact 18, send 
ing a pulse of current through solenoid 100a of stepping 
switch 190, advancing the switch one step and throwing 
the respirator immediately into the rest phase, eliminat 
ing all opposition to the patient's efforts. If the patient 
makes any resiprator efforts during the rest phase, they 
will be unimpeded and no operation of the mechanism 
will result until the adjusted time of the rest phase has 
elapsed. 

Since in the case of a patient making frequent or con 
tinued resipratory efforts of his own, it may be desirable 
to eliminate the rest phase and thus allow the respirator 
to assist the patient both to inhale and exhale at all 
times, the substantial elimination of the delay in the opera 
tion of time delay relay 92 may be desired. This may 
be accomplished by the manual readjustment of the relay, 
but can more conveniently be achieved by the addition 
of another relay 20. The coil 20a and normally-open 
switch 120b of this relay are connected through a switch 
122 with line 11 and power source P. The other termi 
nal of the coil 120a is connected to contact 06c of step 
ping switch 100, and the other terminal of relay switch 
120b is connected to terminal 99 of solenoid 100a of step 
ping switch 100. Since relay 120 has substantially no 
time delay, it will be appreciated that with switch 22 
closed the coil 120a of relay 20 is energized at the same 
time as coil 96a of time delay relay 96 and a pulse of 
current will be immediately delivered through switch 
120b to solenoid 100a, making the stepping switch 100 
operate immediately to return the respirator to the in 
halation phase. In this manner the rest phase is substan 
tially eliminated and two-phase operation of the respirator 
results. 
The timing of the two-phase respiratory cycle also 

can be made entirely dependent upon either the respira 
tory efforts of the patient if any are made, or upon the 
capacity of his lungs in the event he makes no such 
efforts. To do this, the switch 90 is left open, cutting 
off current to the time delay relays 92, 94 and 96. Switch 
22 is closed, and compressed air is admitted to conduit 
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8 
11, closing pressure switch 101. Switch 119 is closed. 
Starting from the position shown in FIG. 6, armatures 
42' and 43 of solenoids 42 and 43 will retract, putting the 
respirator valve assembly in the condition shown in FIG. 
2. Enfiation of the lungs will follow until the pressure 
rises to the value necessary for closure of contact 116 
with contact 3 when the resulting pulse of current 
through solenoid G.0a will shift the respirator to ex 
halation phase. The lungs will then be evacuated until 
the pressure falls to the value necessary for closure of 
contact 7 with contact 18. The pulse of current 
following this event will shift the respirator to rest phase 
and the immediate closure of switch 120b of relay 120 
will again provide a pulse of current to shift back to the 
inhalation phase without loss of time. The required 
pressures may be produced solely or partly by the efforts 
of the patient, or entirely by the respirator. The time 
intervals of each phase in the latter event may be con 
trolled by the adjustment of needle valves 54b and 56b, 
and contacts 16 and 17. As may be seen, for exam 
ple, increasing the rates of flow by needle valves 54b 
and 56b will decrease the intervals, while increasing the 
spacing between the contacts 16, 17 and 118 will in 
crease then. 

Should it be desired to operate the respirator manu 
ally, either as a supplement to automatic operation or 
as a substitute for it, normally-open switch 124 is in 
serted between line 11 and solenoid 100a of stepping 
switch i93. At any time, switch 124 is closed momen 
tarily by whatever means a pulse of current operates the 
stepping switch E00 to shift the respirator to the next 
phase of its cycle, without regard to whatever other 
Switching facilities are in use. 

it will be seen that when provided with a source of 
power P and a supply of gas under suitable pressure in 
conduit 11, the respirator hereinabove described may be 
operated: 

(a) To provide an automatically repeating cycle in 
cluding a positive pressure inhalation phase, a negative 
pressure exhalation phase, and an atmospheric pressure 
rest phase, the duration of each of which is individually 
adjustable, or 

(b) To provide an automatically repeating cycle in 
cluding a positive pressure inhalation phase and a nega 
tive pressure exhalation phase, the duration of each of 
which is individually adjustable, or 

(c) To provide an automatically repeating cycle as 
described in (a) above in combination with sensitivity 
to respiratory efforts on the part of the patient which 
will eliminate obstruction to, and in some cases rein 
force, the respiratory efforts of the patient, or 

(d) To provide an automatically repeating cycle as 
described in (b) above in combination with sensitivity 
to respiratory efforts on the part of the patient which 
will not only eliminate obstruction but will reinforce 
the patient's efforts and reduce the work of respiration 
to a minimum, or 

(e) To provide an automatically repeating respiratory 
cycle including a positive pressure inhalation phase and 
a negative pressure exhalation phase, the duration of 
each phase being limited to the period required to achieve 
an adjustable degree of pressure or vacuum in the breath 
ing circuit during the inhalation and exhalation phases 
respectively, or 

(f) To provide manual control of the entire respira 
tory cycle of three phases as described in (a) above, or 
of two phases as described in (b) above, or 

(g) To provide manual overriding control in com 
bination with any of the automatic respiratory cycles 
as described in (a), (b), (c), (d) and (e) above, and 

(h) To provide, when operated in any of the manners 
above described, an unobstructed breathing connection 
from the patient to atmospheric pressure in the event of 
failure of the Supply of compressed air and/or electric 
power. 

In certain instances, it is deemed highly advantageous 
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to produce adequate ventilation of the patient during the 
positive and negative phases, wherein these phases are 
existent over a minimum duration so that a rest phase, 
wherein the patient's lungs are subjected substantially to 
atmospheric pressure, exists during the remainder of each 
cycle, it will be seen that the method and apparatus of 
the present invention are eminently effective to apply 
such a mode of respiration. It will further be noted, 
that it is sometimes desired to impose one or more of 
the respective phases for a predetermined time interval. 
The present apparatus wherein the duration of the re 
spective phases may be regulated independently of each 
other and of the rate of gas flow, etc., facilitate such 
a method of administration. 
The above-described control circuit may be readily 

modified as shown in F.G. 7 to adapt the respirator for 
two-phase operation wherein a phase other than the rest 
phase is eliminated from the cycle. For example, to 
select the three-phase (inhalation, exhaust, rest) auto 
matic operation or to eliminate any one of the three 
phases for two-phase operation, the coil 126a of phase 
cut-out relay 28 may be connected as shown in FIG. 
7 to the common terminal of a four position selector 
switch. S. Three of the selector switch contacts S1, S2 
and S then are connected respectively to contacts 166d, 
166b and 66c of stepping switch {e}. This permits re 
lay 23 to be put on parallel with anyone or none of the 
three, time delay relays 92, 94 and S6, effectively elimi 
nating their delays from the timing of the circuit. 
The circuit may be further modified, as shown in FIG. 

7, to permit any desired sequence for the occurrence of 
the respective phases of the respiration cycle. This se 
quence selection is accomplished by connecting the sole 
noid 42 to the center terminal r of a single throw double 
pole switch R and connecting terminals 4b and 104c to 
the other switch terminals r and r3 respectively. It will 
be seen that with the switch R closed on the side corre 
sponding to terminai i84c, the solenoid 42 will be ener 
gized first, followed by both solenoids 42 and 43 being 
energized, followed by both solenoids being de-energized, 
whereas with the switch closed on the side correspond 
ing to terminal C4b, both solenoids 42 and 43 will be 
energized first, then solenoid 43 will be de-energized, and 
finally both will be de-energized. 

Occasionally it is desirable to prolong a single phase 
of one or more successive cycles. This may be readily 
accomplished by the insertion of a normally closed switch 
between terminal 99 of stepping switch its and the con 
ductor 98. Opening this switch will prolong the phase 
then in effect, and will initiate the next succeeding phase 
immediately when closed, since no current impulse can 
energize the solenoid 16.a while the Switch is open, but 
will be immediately available as a result of closure during 
the interval of the switch of the relay corresponding to 
the prolonged phase. 

In a further improved, modified embodiment of the 
respirator herein shown and described, the respirator may 
be made to operate cyclically through the selected phases 
wherein each of the phases is independently time con 
trolled, while the operation thereof is carried out be 
tween prescribed limits of positive and negative pressures. 
This may be done by inserting an adjustable vacuum re 
lief valve and an adjustable pressure relief valve in the 
conduit 12, the vacuum relief valve permitting the in 
gress of air in the event the negative pressure drops be 
low a desired level and the positive pressure relief valve 
functioning to vent gas from the conduit when the pres 
sure exceeds its set operating pressure. When these re 
lief valves are employed the pressure switch 2 may be 
disconnected so that the respective phases persist for their 
entire prescribed intervals, excessive positive and nega 
tive pressure merely being vented for the duration of 
the phase if exceeded. The switch 12 also may be re 
tained in the circuit. However, in this event, it is prefer 
able to set the operating limits of this switch, respectively, 
slightly above and below, the positive and negative oper 
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10 
ating pressures of the relief valves. In this manner, the 
switch 112 will function to advance the control valve only 
if the pressure exceeds the pressure limits of the relief 
valves. 
The respirator apparatus hereinabove described has 

been shown and related in operative association with a 
closed anesthetic circuit, for the respiration of a patient 
breathing through an anesthetic mask. It will be under 
stood, however, that such respiration may be applied di 
rectly to a patient and need not be done through an 
anesthetic circuit wherein the outlet of the respirator is 
applied to a confined chamber surrounding a breathing 
bag. For direct respiration, the delivery conduit i2 may 
be connected directly to a face mask covering both the 
mouth and nose of the patient which, in effect, constitutes 
the equivalent of the confined chamber 34, so that the 
gas delivered to and from the conduit 12 directly enters 
into or discharges from the patient's respiratory tract. 
In this case, of course, the gas delivered through conduit 
1 must contain a sufficient amount of oxygen to be 
breathed by the patient. 

Having understood the preceding description, it will be 
seen that a respirator device in accordance with the 
present invention affords a wide degree of flexibility of 
control and operation as a result of which the condi 
tions or mode of respiration deemed to be optimum in 
a given case may be achieved. 

It will be understood that the present invention is 
not limited to the specific embodiment herein illustrated 
and described, but may be used in other ways without 
departure from its spirit as defined in the following 
claims. 

I claim: 
1. A resuscitator comprising a confined chamber Sub 

jected to periodically varying pressures for resuscitating 
a patient, means including a control valve for controllably 
delivering or discharging gas to or from said chamber, 
said valve having three operative positions in which said 
chamber is subjected, respectively, to positive pressure, 
negative pressure and atmospheric pressure and which 
apply to the patient's corresponding respiratory phases, 
respectively, of inhalation, exhalation and rest, and an 
electrical control circuit for actuating said valve, oper 
able, automatically, to regulate the duration of each of 
said respiratory phases individually. 

2. A resuscitator according to claim 1 wherein said cir 
cuit includes separately adjustable timing means corre 
sponding to each of the respective operating positions of 
said control valve and said valve is operated cyclically 
through said operating positions and retained in each 
successive position for a time interval dependent upon 
said respective timing means. 

3. A resuscitator according to claim 2 wherein said 
electrical circuit includes pressure responsive means, ad 
justable, to override said timing means and permit said 
valve means to be placed in its next operative position 
when the pressure in said chamber exceeds a predeter 
mined limit. 

4. A resuscitator according to claim 2 wherein said 
valve is automatically disposed in rest position when said 
circuit is de-energized, means are provided for supply 
ing said valve with a gas of at least a predetermined min 
imum positive pressure, and said control circuit includes 
pressure responsive means preventing energization of 
said circuit when said delivery gas is below said prede 
termined pressure. 

5. A resuscitator according to claim 2 wherein said 
electrical circuit includes means for selectively eliminat 
ing one of said phases. 

6. A resuscitator according to claim 2 wherein said 
electrical circuit includes means for selecting the sequence 
of the respective phases of the respiratory cycle. 

7. A respirator comprising a confined respiratory cham 
ber, a source of respirating gas under pressure, control 
valve means connected to said gas source and having an 
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outlet connected to said chamber, said valve means being 
operable in normal rest position to connect said outlet 
with the atmosphere and in a first operative position to 
connect said outlet directly with said gas inlet and in a 
second operative position to connect said outlet with the 
aspirator of a venturi passage through which said gas is 
conducted to produce a Suction in said outlet, actuating 
means for displacing said valve from rest position to 
each of said operative positions and means energizing 
said actuating means including adjustable timing means 
effective to selectively control the length of time said 
valve means is placed in each of its respective operative 
positions. 

8. A resuscitator according to claim 7 wherein said 
valve means includes a valve having a longitudinally mov 
able plunger resiliently biased toward one end of its 
stroke corresponding to the rest position of said valve and 
Solenoid means corresponding to each of said operative 
positions, operatively connected to displace said plunger 
and dispose said valve in said respective operative posi- i. 
tions when energized, and electrical control circuit means 
for periodically energizing said solenoid means for ad 
justable time intervals. 

9. A respirator according to claim 8 wherein said cir 
cuit includes an adjustable time delay relay correspond 
ing to each of said rest and two operative valve posi 
tions, and switch means actuated by the closing of the 
contacts of each of said relays to de-energize the coil 
of the corresponding relay and energize one of the other 
of Said relays in a continuous cyclic sequence, and said 
Solenoid means being so connected, respectively, in said 
circuit as to be energized simultaneously with the coils 
of said relays corresponding to the operative positions 
of said valve means and to be de-energized during the 
period the coil of said relay corresponding to the rest 
position is energized. 

10. A respirator according to claim 9 wherein said cir 
cuit includes switching means for reversing the sequence 
of operation of said solenoid means. 

11. A control valve device for controlling a bi-direc 
tional gas flow in a delivery conduit comprising a valve 
block having a delivery passage for connection to a de 
livery conduit and a valve chamber therein connecting 
with said passage, a venturi nozzle disposed to discharge 
into said chamber, a port disposed in confronting rela 
tion to the discharge end of said nozzle, opening from 
said chamber into an external substantial flat seating sur 
face of said valve block, a first movable plate arranged 
in opposition to said seating surface adapted to be seated 
against said seating surface and having a venturi passage 
aligned with said venturi nozzle, which registers with said 
port at its entrance end and terminates in a flat seating 
Surface in its discharge end, a second plate movable with 
respect to said valve block and said first plate effective 
alternatively to seat against said first plate to occlude 
the discharge end of said venturi passage or to be posi 
tioned away therefrom, means for delivering a pressurized 
gas to said valve chamber, and selector means including 
said pressurized gas delivery means for delivering said 
gas through said venturi nozzle and operably connected 
with said first and second plates to position said plates 
and thus control the direction of fluid flow in said de 
livery passage. 

12. A control valve device according to claim 11 where 
in said selector means includes a separate delivery pas 
sage for conducting said pressurized fluid to said chamber, 
a movable valve stem for alternatively delivering said 
pressurized fluid to said chamber in corresponding opera 
tive positions, through either said venturi nozzle or said 
separate delivery passage, and means operatively con 
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necting said stem with said first and second plates for 
correspondingly positioning said plates. 

13. In a resuscitator, a confined respiratory Zone, inha 
lation phase control means for producing in said Zone an 
inhalation phase during which the pressure is greater 75 

12 
than atmospheric, exhalation phase control means for 
producing in said zone an exhalation phase during which 
the pressure is less than atmospheric, rest phase control 
means for producing in said Zone a rest phase during 
which said zone is open to the atmosphere, and Sequence 
control means operable to actuate said phase control 
means repeatedly and sequentially to produce first an 
inhalation phase, then an exhalation phase and then a 
rest phase, said sequence control means including three 
timing means, one for each of said phase control means, 
said three timing means being individually settable to 
predetermine the duration of each phase independently of 
the other phases. 

14. In a resuscitator, a confined respiratory Zone, in 
halation phase control means for producing in said Zone 
an inhalation phase during which the pressure is greater 
than atmospheric, exhalation phase control means for 
producing in said zone an exhalation phase during which 
the pressure is less than atmospheric, Sequence control 
means operable to actuate said phase control means re 
peatedly and sequentially, said sequence control means 
including two timing means, one for each of Said phase 
control means, said two timing means being individually 
settable to predetermine the duration of each phase in 
dependently of the other phase, means responsive to the 
pressure in said zone operable at times to over 
ride either of said timing means and terminate either of 
said phases, and selectively operable control means mova 
ble between a first position in which the duration of the 
phases is determined only by said timing control means 
and said pressure responsive means is ineffective, and a 
second position in which the pressure responsive means 
is effective to terminate either of said phases. 

15. Respirator apparatus, comprising a confined re 
spiratory zone, gas supply and withdrawal means con 
nected to the respiratory zone for the supply to the patient 
of gas for inhalation and the withdrawal from the patient 
of exhaled gas, gas flow control means operatively con 
nected to the gas supply and withdrawal means, said gas 
flow control means being operable selectively to establish 
any of at least three respiratory phases, each characterized 
by a distinctive condition of gas flow between the gas 
supply and withdrawal means and the respiratory Zone, 
a plurality of phase relays corresponding in number to 
said phases, means controlled by said phase relays for 
operating said gas flow control means, said last-named 
means being effective when each relay is energized to 
establish a particular respiratory phase, and means for 
energizing the relays one at a time in a predetermined 
equence. 
16. Respirator apparatus as defined in claim 15, in 

cluding selectively operable means for energizing the 
relays one at a time in any of a plurality of different 
Sequences. 

17. Respirator apparatus as defined in claim 15, in 
cluding manually operable means for modifying the Se 
quence by removing one of the phase relays therefrom. 

18. A respirator having a confined respirating cham 
ber, means for supply to a first region gas under a pre 
determined pressure, means for establishing in a second 
region a second gas pressure substantially lower than said 
predetermined pressure, valve means controlling the flow 
of gas from said first region to said chamber and from 
said chamber to said second region and movable selective 
ly to: (1) a first position in which the chamber is con 
nected to the first region and an inhalation phase is es 
tablished; (2) a second position in which the chamber is 
connected to the second region and an exhalation phase is 
established; and (3) a third position in which the chamber 
is connected to the atmosphere and a rest phase is estab 
lished; selectively energizable electrical means for op 
erating the valve means to its first and second positions, 
timing means operable to control the energization of said 
electrical means for predetermined intervals during said 
inhalation and exhalation phases, and biasing means acting 
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on said valve means in a direction to move the valve 20. A respirator according to claim. 19, including means 
means toward said third position, said biasing means being for selectively reducing the duration of one of said phases 
effective in the absence of electrical energy for energiza- substantially to Zero. 
tion of said electrically energizable means to connect said References Cited in the file of this patent 
respirating chamber with the atmosphere. 5 arr as 

19. A respirator according to claim 18, wherein said UNITED STATES PATENTS 
timing means includes three timers, one for each phase, 2,547,458 Goodner ---------------- Apr. 3, 1951 
each timer being individually settable to control the dura- 2,830,580 Sakladet al. ------------ Apr. 15, 1958 
tion of each phase independently of the other phases. 2,972,345 Spigel ------------------ Feb. 21, 1961 


