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This application relates to respiration apparatus and 
more particularly to improved apparatus of this type 
for use in administering intermittent positive pressure 
breathing therapy. 

Intermittent positive pressure breathing, commonly 
known as IPPB, is a type of assisted breathing for patients 
who are breathing spontaneously at a self-controlled rate 
and rhythm. Such therapy has widespread acceptance as 
an effective means of relieving and treating many re 
spiratory disorders. 

In IPPB therapy, there are two phases in each complete 
breathing cycle, an inspiratory phase and an expiratory 
phase. The patient initiates the inspiratory phase by mak 
ing a slight inspiratory effort, as in normal breathing. 
Gas comprising air or air enriched with oxygen, or in 
Some cases an admixture of Such gas and vaporized or 
nebulized medication, is then supplied to the lungs under 
a mild pressure to achieve ventilation. The inspiratory 
phase continues, preferably, until full and even ventila 
tion has occurred. As this condition is approached, the 
flow of gas to the patient drops off rapidly to a low level 
and eventually to a so-called "terminal flow.' This terminal 
flow is the flow taking place just at the end of the in 
spiration. 
The expiratory phase is a passive phase in which the 

system pressure is rapidly reduced, preferably to ambient 
pressure, and the lungs are vented to the atmosphere. 
Expiration then occurs spontaneously, as in normal breath 
ing, because of the easticity of the lung-thorax system 
to complete a given breathing cycle. 

It is desired that apparatus for administering such IPPB 
therapy have certain operational characteristics. One such 
characteristic is that the patient-effort required to initiate 
inspiration be no greater than that exerted in normal 
breathing. This characteristic is commonly known as 
"sensitivity,” it being desired that the apparatus have a 
high sensitivity. It is also desirable that the peak flow 
capacity of the apparatus be relatively high. This stems 
from the fact that the average patient has a high flow re 
quirement near the start of inspiration. His requirement 
thereafter progressively decreases, and, therefore, flow 
likewise decreases as system pressure increases, to the 
terminal flow which, as noted above, takes place just at 
the end of inspiration. 
Another desirable operational characteristic is that the 

apparatus have a very low terminal flow. This enables 
full and even ventilation of the alveoli to be achieved 
before the apparatus cycles into its expiratory mode of 
operation. By way of explanation, the lungs comprise a 
network of small passages of varying resistance leading 
to the alveoli. With a low terminal flow, pressure is main 
tained on these passages during the inspiratory phase for 
a sufficient time to insure that the desired ventilation of 
the alveoli is achieved. 

Beside these operational characteristics, there are many 
other important considerations to be borne in mind in the 
design and manufacture of respiration apparatus. In view 
of the nature of such apparatus, it is apparent that reli 
ability is a highly important feature. Experience has 
shown that reliability is difficult, as well as costly to ob 
tain with respiration apparatus embodying conventional 
valving mechanisms with numerous critical moving parts. 
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Manufacture to close tolerances, closely controlled in 
Spection and testing and the like, are all required in order 
to achieve the desired end with most types of apparatus 
heretofore available. Often costs are prohibitive and, even 
assuming they are not, there is still the problem of 
potential abuse during use, resulting in malfunction. Thus, 
it will be readily appreciated that it is highly desirable 
from both reliability and cost standpoints to eliminate 
critical moving parts. 

In view of the foregoing, it is a primary object of this 
invention to provide improved respiration apparatus for 
use in administering IPPB therapy which is highly reliable 
in operation. 
Another object is to provide improved respiration ap 

paratus of the type described which is simple in con 
Struction and may be mass produced by conventional 
methods at an extremely low cost. 
A further, more specific object is to provide such re 

Spiration apparatus which has no critical moving parts. 
Still another object of the invention is to provide re 

Spiration apparatus of the subject type further charac 
terized by high sensitivity, high peak flow capacity and 
low terminal flow. 

These and other objects, features and advantages of the 
invention will be better understood by referring to the 
following detailed description taken in conjunction with 
the accompanying drawing, in which: 
FIGURE 1 is a semi-schematic view of the presently 

preferred embodiment of the invention, with the various 
elements being shown in the positions occupied in the 
expiratory mode of operation; 
FIGURE 2 is a fragmentary view of the sensing unit 

illustrated in the right-hand side of FIGURE 1, in the 
condition which it occupies in the inspiratory mode of 
Operation of the apparatus. 

Referring to the drawing, the apparatus of the inven 
tion, as illustrated in FIGURE 1, controls the flow of 
pressurized gas from a source 16 through a conduit sys 
ten including a main conduit 12 and a delivery conduit 
4. The main conduit 12 is coupled to the source and 

has a vent opening 16 to the atmosphere, while the de 
livery conduit leads from the main conduit to delivery 
means 18. Flow from the source 10 is continuous, and 
is alternately through the main conduit 12 out the vent 
opening 6 to the atmosphere during expiration and 
through both conduits 12 and 14 to the delivery means 
18 during inspiration. 

In order to achieve such flows during the respective 
phases of the breathing cycle, a vent valve 20 is provided 
for closing the vent opening 16 intermittently. It will be 
appreciated that when vent valve 20 is operative to close 
the opening 16, the apparatus is in its inspiratory mode of 
operation with flow taking place from the source 10 to 
the delivery means 18. On the other hand, the inoperative 
period of the valve 20 during which gas is exhausted 
through the vent opening 6, corresponds to the expira 
tory mode of operation. 

Control means, shown within the dotted line enclo 
Sure so designated in FIGURE 1, are provided for operat 
ing the vent valve 16 in the manner previously described 
and thereby producing the desired cyclic operation of 
the apparatus. Briefly, such means comprise a sensing 
unit 22, a venturi 24, and an inspiration-start valve 26. 
Both the inspiration-start valve 26 and the venturi 24 are 
installed in the delivery conduit 14, the latter at a location 
downstream of the valve 26, and arranged so that flow 
to the delivery means 18 is through them. The sensing 
unit 22 is operatively connected to the vent valve 20 and 
coupled to two pressure-sensing elements in the delivery 
conduit 14. In this illustrative case, the pressure-sensing 
elements comprise a port 28 at the throat of the venturi 
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24 and a Pitot tube 30 centrally within the conduit 14 at 
a location upstream of the inspiration-start valve 26 and 
with its opening facing upstream. 

In general, the function of the control means is to 
seat the vent valve 20 responsive to a slight negative pres 
sure in the delivery conduit 14 adjacent the delivery 
means 18, such as is produced when a patient makes an 
inspiratory effort in normal breathing. This serves to ini 
tiate inspiration. The control means also functions to 
maintain the valve 20 seated and thus to continue inspira 
tion so long as the flow through the delivery conduit 14 
to the delivery means 18 exceeds the predetermined ter 
minal flow. As the patient becomes fully ventilated, the 
flow rate drops, eventually dropping to the terminal flow 
whereupon the valve 20 is permitted to open to terminate 
inspiration. 

It will be appreciated from the foregoing that the 
apparatus of the invention is pressure-sensitive to initiate 
inspiration and flow-responsive to terminate inspiration. 

Turning now to the construction details of the indi 
vidual elements of the apparatus, the vent valve 20 is of 
the inflatable-deflatable type. It is disposed in close prox 
imity to the vent opening 6 at the end of the main con 
duit 12. Thus, when pressurized gas is supplied inter 
mittently to the interior of the valve 20, inflation occurs 
to move it into seated relationship with the conduit end 
to close off the opening 16. 

Pressurized gas is supplied for operating the vent valve 
20 by valve-supply conduit 34 coupled to the main con 
duit 12. In order to achieve the desired cyclic operation 
of the valve 20, the valve supply conduit 34 is provided 
with a bleed orifice 36 and an internal restriction 38. 
With this arrangement, when the bleed orifice 36 is 
closed, pressurized gas is supplied by the conduit 34 to 
Seat the vent valve 20 and thereby close the opening 16. 
In further regard to closure of the vent valve 26, it is to 
be noted that the effective area thereof is larger than 
that of the opening 16 in the conduit 12. Accordingly, 
When the pressure within the valve 20 is approximately 
equal to, or even slightly less than that within the con 
duit 12, the valve 20 will close and remain closed. 
Opening of the vent valve 20 to permit main stream 

flow from the source 10 to the atmosphere takes place 
When the bleed orifice 36 is open. The internal restriction 
38 is sized in relation to the orifice 36 to enable such 
opening notwithstanding the fact that pressurized gas is 
???pied continuously through the valve supply conduit 
4. 
Rapid and positive closure of the vent valve 20 upon 

closing of the bleed orifice 36 is assured by virtue of the 
valve supply conduit 34 being coupled to the main con 
duit 12 by a pitot tube 40. As may be seen in the draw 
ing, the tube 40 is mounted centrally of the conduit 12 
at a location downstream of the coupling to the delivery 
conduit 14 and with its opening facing upstream. During 
periods of flow through the main conduit 12 to the at 
mosphere, i.e., when the vent valve 20 is inoperative, the 
pressure signal Supplied by the Pitot tube is the sum of 
the static pressure within the conduit and the dynamic 
Pressure due to the impact of the flowing gas against the 
opening of the tube 40. Thus, the desired rapid and posi 
tive closing of the valve 20 is accomplished upon clo 
Sure of the bleed orifice 36. 

Intermittent closure of the bleed orifice 36 is by a con 
trol valve member 42 mounted on a rocker arm 44. The 
arm 44 is pivotally mounted at 46 and arranged for rock 
ing movement to move the valve member 42 into and 
out of closing relationship with the bleed orifice 36. A 
light compression spring 48 yieldably urges the arm 44 
in a direction to move the valve member 42 into and 
maintain it in such relationship. 
As previously noted, the sensing unit 22 is operatively 

connected to the vent valve 20. Specifically, the sensing 
unit 22 actuates the rocker arm 44 and thereby moves 
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4. 
ship with the bleed orifice 36, so as to cycle the appara 
tus between its inspiratory and expiratory modes of 
operation. 
The sensing unit 22 includes a housing 50 with an 

internal chamber divided by a horizontal, flexible dia 
phragm 52 into an upper or first compartment 54 and 
a lower or second compartment 56. The diaphragm, 52 
is movable therein between a normal or expiratory po 
sition, illustrated in FIGURE 1, and a depressed or in 
spiratory position, illustrated in FIGURE 2, Movement 
from the expiratory toward the inspiratory position is 
yieldably resisted by a light compression spring 58, the 
action of the spring 58 being at least sufficient to over 
come the influence of the spring 48 tending to urge the 
diaphragm toward its inspiratory position. 
The diaphragm 52, in turn, is linked to the rocker 

arm 44 by a slidable rod 60 fixed to the diaphragm 52 
at one end and bearing on the underside of the rocker 
arm 44 at its opposite end. As may be seen in the draw 
ing, the expiratory position of the diaphragm 52 (FIG 
URE 1) corresponds to the position of the rocker arm 
44 wherein the valve member 42 is out of closing rela 
tionship with the bleed orifice 36; the inspiratory posi 
tion of the diaphragm 52 (FIGURE 2) corresponds 
to the position of the rocker arm 44 wherein the valve 
member 42 is in closing relationship with the orifice 36. 

It will be appreciated that with the specified mounting 
of the diaphragm 52 it is in a balanced condition in its 
expiratory position of FIGURE 1. An unbalancing force 
tending to move it toward its inspiratory position of 
FIGURE 2 is produced when a pressure differential 
exists between the compartments 54 and 56. in partic 
ular, the diaphragm 52 is moved downwardly toward 
its inspiratory position when the pressure differential is 
sufficient to overcome the biasing force of the spring 
58. Adjustment of the pressure differential required to 
so move the diaphragm 52, or, in other words, sensitivity 
adjustment is accomplished by an adjustment screw 62 
mounted on the housing 50 and bearing on the end of 
the spring 53. Rotation of the screw 62, of course, serves 
to vary the compressed spring length and, hence, the 
biasing force. 
The compartments 54 and 56 are coupled to the pitot 

tube 30 and the port 28 at the throat of the venturi 24 
by pressure-sensing conduits 64 and 66. The pitot tube 
36, like the pitot tube 40, is positioned so that during 
periods of flow, in this instance, through the delivery 
conduit 14, the pressure transmitted to the first com 
partment 54 is the sum of the static pressure within the 
conduit 12 and the dynamic pressure due to the flow. 
Increases and decreases in flow produce corresponding 
increases and decreases in the dynamic component. 
Thus, during periods of flow through the conduit 14, the 
pressure sensed by the pitot tube 30 is relatively in 
creased as compared to the static pressure within the 
conduit 4. On the other hand, as is well known in the 
art, flow through a venturi produces a velocity increase 
and a corresponding pressure drop at the throat. The 
extent of the drop varies in accordance with flow, the 
greater the flow the greater the pressure drop. Thus, 
during flow through conduit 14, the pressure sensed at 
the port 28 at the throat of the venturi 24 is reduced 
with respect to the static pressure in the conduit and 
Stich pressure is transmitted by the conduit 66 to the 
Second compartment 56. 
At high flow rates, the pressure differential across 

the diaphragm 52 is Substantial and serves to hold the 
latter Securely in its inspiratory position of FIGURE 2, 
This, of course, stems from the fact that at such flow 
rates, the pressure sensed by the pitot tube 30 is substan 
tially above the static pressure within the conduit 14, 
While that Sensed by the port 22 at the throat of the 
Venturi 24 is substantially below such static pressure. 
AS flow through the delivery conduit 14 decreases, the 

the valve member 42 into and out of closing relation- 75 difference in pressures sensed by the pitot tube 30 and 
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port 28 and transmitted to their respective compartments 
54 and 56 correspondingly decreases. Accordingly, the 
unbalancing force on the diaphragm maintaining it in its 
inspiratory position of FIGURE 2 likewise decreases. 
When the flow rate drops to terminal flow, the pressure 
differential is insufficient to hold the diaphragm down 
and it moves back to its expiratory position of FIG 
URE, 1 under the biasing force of the spring 58. 
Should it be desired to vary the terminal flow, this 

can be readily accomplished, among other ways, by 
changing the configuration of the venturi 24. In this 
connection, it is also to be observed that the spring 58 
could be made sufficiently strong to significantly affect 
terminal flow. However, in the case of the apparatus of 
the invention, this is an undesirable expedient because 
it would, in turn, impair the normally desired high sen 
sitivity of the unit. To avoid any such undesirable in 
terrelationship between these operating characteristics, 
the diaphragm 52 is made very large in effective area 
and the spring 58, as previously noted, is relatively light 
in action. 
The inspiration-start valve 26 is provided for the pur 

pose of enabling the inspiratory phase of operation to 
be initiated upon a negative pressure being drawn in 
the conduit 14 adjacent the delivery means 18. As may 
be seen in FIGURE 1, this valve is located in the conduit 
14 between the pitot tube 30 and the port 28. It func 
tions to block flow through the conduit 14 responsive to 
such a negative pressure when the vent valve 20 is in 
operative. By virtue of this valving function, negative 
pressure is prevented from acting through the pitot tube 
33 and conduit 64 on the upper side of the diaphragm 
52, and accordingly, from counter-balancing the desired 
effect of such negative pressure acting through the port 
2S and conduit 66 on the lower side of the diaphragm. 
Therefore, the diaphragm 52 moves downwardly to its 
inspiratory position of FIGURE 2, responsive to such a 
negative pressure being drawn by the patient in the con 
duit 4 adjacent the delivery means. 
The inspiration-start valve 25 is provided with a hous 

ing 68 forming a valve chamber 70 with an inlet 72 and 
an outlet 74 coupled to upstream and downstream por 
tions, respectively, of the conduit 14. The inlet comprises 
a tubular member projecting into the chamber 70 and 
having a valve seat 76 at its terminal end. Cooperable 
with the seat 76 to block the opening from the inlet men 
ber to the chamber 70 is a diaphragm-type closure 
element 78 disposed within the chamber and having a 
cross-sectional area larger than that of the seat. Referring 
to FIGURE 1, it may be seen that one side of the closure 
element 78 is exposed to ambient pressure through a 
passage 80 in the wall of the housing 68, while the op 
posite side is closely adjacent the seat 76. The closure 
element 78 is formed of a resilient, flexible material in 
order that it is readily movable into and out of sealing 
relationship with the seat 76. 
As is apparent from the construction of the inspira 

tion-start valve 26, assuming that the pressure within 
the conduit 14 upstream of the valve is approximately 
equal to ambient pressure, a negative pressure within the 
chamber 70 serves to draw the closure element onto the 
seat 76. This, in turn, precludes such pressure from acting 
through the upstream portion of the conduit 14 and, spe 
cifically, from acting on the upper side of the diaphragm 
52 of the sensing unit 22. When a positive pressure exists 
within the upstream portion of the conduit 14, as during 
intermittent periods of flow to the delivery means 18, the 
closure element 78 is simply forced away from the seat 
76. 

Flow-directing means 82 are provided to insure that 
the pressure in the conduit 14 adjacent the pitot tube 38 
is approximately equal to ambient pressure when the 
vent valve 20 is inoperative. In other words, such a pres 
Sure condition is desired during the expiratory phase of 
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operation when gas from the source 10 is being exhausted 
to the atmosphere through the vent opening 16. 

In the illustrative case, the flow-directing means 82 
comprises a tubular member with an elongated main body 
portion 84 and an outwardly faring, frusto-conical end 
portion 86. It is disposed within the main conduit 12 adja 
cent the junction with the delivery conduit 14. The end 
portion 86 is fixed to the wall of the main conduit 12 at a 
location upstream of the junction of the two conduits, and 
the body portion 84 projects downstream past the junc 
tion. 
When the vent valve 20 is inoperative, the flow-direct 

ing means 82 serve to channel the fow past the junction 
of the conduits 12 and 14 and thereby achieve the desired 
pressure condition. On the other hand, when the vent valve 
20 is operative to block the vent opening 16, pressurized 
gas is permitted to flow through the delivery conduit 14 
by virtue of the body portion 84 of the tubular member 
being spaced radially inwardly of the wall of the conduit 
2. 
To enable the patient to exhale to the atmosphere dur 

ing the expiratoryphase of operation, an exhalation pas 
Sage 88 is provided in the conduit 14 adjacent the delivery 
means 8. The passage 88 is closed during the inspiratory 
phase of operation by an inflatable-deflatable type exhala 
tion valve 90. In the illustrative case, the lower end of the 
valve 90 is positioned closely adjacent the opening in the 
passage 88. Therefore, when a slight negative pressure 
is drawn in the conduit 14 adjacent the delivery means, 
the valve 90 is drawn down into a seated position to block 
the opening passage 88. 

Positive pressure is supplied to the interior of the ex 
halation valve 90 to maintain it securely seated through 
out the inspiratory phase through an auxiliary conduit 92 
internally restricted at 94 and coupled to the pressure 
Sensing conduit 64. Thus, during inspiration, the pressure 
within the interior of the exhalation valve 90 is at least 
equal to and normally greater than the static pressure 
within the conduit 14 for reasons previously explained. As 
may be seen in FIGURE 1, the cross-sectional area of 
the exhalation valve 90 is greater than the area of the 
opening in the passage 88. Thus, even though the pressure 
Within the interior of the valve should be no greater than 
that within the adjacent portion of the conduit 14, it will 
remain securely closed. 
A check valve 95 is provided in the conduit 14 at a 

location between the inspiration-start valve 26 and the 
Venturi 24. The check valve 96 operates during ex 
piration to block backflow through the conduit 14, there 
by insuring that the exhalation valve 90 remains open 
during that phase. With this arrangement, the patient 
exhales through only the exhalation passage 88. Flow 
in the opposite direction through conduit 14 to the de 
livery means during inspiration is in no way impaired by 
the check valve 96. 
The Source () of pressurized gas may, by way of ex 

ample, comprise a pump for compressing ambient air or 
a tank of compressed gas, such as air or oxygen. As is 
conventional, the source 19 embodies suitable regulation 
apparatus for insuring that the gas supplied to the patient 
is at a mild control pressure no greater than a preset max 
imum. Preferably, for flexibility of use, the regulation ap 
paratus is adjustable to enable the maximum pressure to 
be preset within a safe range. Reference is made in this 
connection to my U.S. Patent No. 3,221,733, entitled 
Pressure Breathing Therapy Unit, which discloses a pump 
and regulation apparatus highly suitable for this purpose. 

Operation 

To ready the apparatus of the invention for use in ad 
ministering IPPB therapy, it is simply necessary to preset 
the Source pressure at the desired level, and to adjust sen 
Sitivity by means of the adjustment screw. The apparatus 
is then put in operation by activating the source 10 to 
Supply gas through the conduit system. The control means 
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then functions in response to a negative pressure in the 
conduit 14 adjacent the delivery means and, thereafter, 
in response to flow through the condiut i4 dropping to 
the terminal flow to cycle the apparatus into inspiratory 
and expiratory modes of operation, respectively. 
As previously explained, the apparatus is normally in 

its expiratory mode of operation, as in FIGURE 1. The 
diaphragm 52 is then in its expiratory position, so that 
the vent valve 20 is inoperative. Pressurized gas supplied 
by the pitot tube 40 to the valve supply conduit 34 coupled 
thereto is bled off to the atmosphere through the bleed 
orifice 36 at a rate such that the vent valve 20 remains 
inoperative. Flow is directed in the main conduit 12 by 
the flow-directing means toward the vent opening 16 and 
gas is exhausted to the atmosphere through that opening. 
With the flow so directed, the pressure in the delivery con 
duit 14 adjacent the connection with the main conduit 
and, in particular, adjacent the pitot tube 30, is approxi 
mately equal to ambient pressure. Thus, the exhalation 
valve 90 is in a relatively deflated condition and the asso 
ciated passage 88 is unobstructed. The apparatus remains 
in this operative state, with gas from the source 10 being 
exhausted to the atmosphere, until the patient exerts an 
inspiratory effort to initiate that phase of the breathing 
cycle. 
Assuming the delivery means 8 to have been coupled 

to the patient's respiratory system, e.g., a face mask in 
stalled, a slight inspiratory effort, as in normal breathing, 
cycles the apparatus into its inspiratory mode of opera 
tion. The degree of effort required, of course, depends 
upon sensitivity adjustment. Such an effort draws a nega 
tive pressure in the portion of the conduit 14 adjacent the 
delivery means 18, the effect of which initially is to draw 
the exhalation valve 90 onto its seat to block the passage 
88 and to draw the closure element 78 of the inspiration 
start valve 26 onto its seat 76 to block off the upstream 
portion of the conduit system. Such negative pressure is 
then transmitted through the pressure-sensing conduit 66 
to the second compartment 56 of the sensing unit to pro 
duce an unbalancing force on the diaphragm 52, permit 
ting it to move to its inspiratory position of FIGURE 2 
in opposition to the biasing force of the spring 58. 
The reaction of the sensing unit 22 to the patient effort, 

in turn, permits the valve member 42 supported on the 
rocker arm 44 to move into closing relationship with the 
bleed orifice 36. Rapid and positive closure of the vent 
valve 22 to block the vent opening 16 follows because of 
the action of the pitot tube 40 in sensing a positive pres 
sure which is the sum of static and dynamic pressures in 
the main conduit 12. 

Closing of the vent valve 20 causes flow to commence 
through the delivery conduit 14 to the patient. Upon com 
mencement of such flow, a positive pressure is sensed by 
the pitot tube 38 in the delivery conduit 14, and a positive 
pressure signal is transmitted through conduits 64 and 92 
to the exhalation valve 90 to seat it and block the passage 
88. As set forth above, during periods of flow through the 
conduit 14, the pressure sensed by the pitot tube 30 and 
port 28 at the throat of the venturi 24 are relatively in 
creased and decreased, respectively, relative to the static 
pressure within the conduit. The difference in such pres 
sures, which are transmitted to the associated compart 
ments 54 and 56 of the sensing unit, is made use of to 
maintain the diaphragm 52 in its inspiratory position. 
Near the start of the inspiratory phase, the patient's 

requirement is at its peak, and hence the flow is likewise 
at a peak. In this connection it is to be noted that the peak 
flow capacity of the present system is very high, since 
none of the elements in the flow path from the source ié) 
to the delivery means 18 appreciably throttles flow. While 
the cross-sectional area of the path is decreased at the 
throat of the venturi 24, such a device has very little throt 
tling, effect, as is well know in the art. 
At high flow rates, such as exist Fear the start of the 

inspiratory phase, the pressure differential across the dia 
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8 
phragm 52 is more than ample to maintain it in its in 
sipratory position. As the inspiratory phase progresses, 
the flow rate drops, so that the pressure differential cor 
respondingly decreases. Eventually the flow rate drops 
to the terminal flow where, as previously noted, the differ 
ential is insufficient to overcome the biasing force of the 
spring 58. The diaphragm 52 then moves back to its ex 
piratory position of FIGURE 1 to terminate the inspira 
tory phase or, conversely, to initiate the expiratory phase 
of the cycle. 
With regard to terminal flow, it may be very low in the 

case of the apparatus of the invention, thereby insuring 
full and even ventilation. Moreover, this desirable oper 
ating characteristic is attained without adversely affecting 
either peak flow capacity or sensitivity. This results from 
the use of the pitot tube 30 and the port 28 at the throat 
of the venturi 24 as Sensing elements. As long as any ap 
preciable flow is taking place to the patient, the pressures 
sensed by these elements differ substantially. 

Responsive to the diaphragm 52 moving back to its 
normai position of FIGURE 1, the valve member 42 
moves away from the orifice 36 to permit it to bleed 
pressurized gas from the vent valve 20. Once this has 
occurred, the vent valve 29 is again rendered inoperative, 
so that gas from the source 18 is exhausted through the 
vent opening 16 to the atmosphere. Simultaneously, pres 
surized gas is bled from the exhalation valve 90 to open 
the passage 83 and permit the patient to exhale freely 
to the atmosphere. During the expiratory phase, the check 
valve 96 prevents backflow through the conduit 14, as 
might otherwise pressurize the exhalation valve 90 and 
impair free exhalation. This completes a given cycle of 
operation and the apparatus remains in its expiratory 
phase, as in FIGURE 1, until the patient exerts another 
inspiratory effort. 

It is significant to note that the apparatus of the inven 
tion not only is highly satisfactory in operation, but is 
inherently very reliable. It embodies no critical moving 
parts. Of the various elements of the apparatus, none is 
of the type that is prone to malfunction. Moreover, none 
need be manufactured to close tolerances or in accordance 
with any costly manufacturing procedures. On the con 
trary, the elements are all readily adapted to be formed 
economically in accordance with mass production tech 
Iniques. 
While one embodiment of the invention has been illus 

trated and described in fair amount of detail, it will be 
understood that this is only by way of illustration and that 
various changes in the constructions and arrangements 
of the various elements may be made without departing 
from the spirit and scope of the invention. 

I claim: 
1. In respiration apparatus including a source of pres 

Surized gas and delivery means, a patient-controlled sys 
tem for supplying intermittently gas from said source to 
said delivery means, comprising: 

main conduit means coupled to said source and having 
a vent opening to the atmosphere; 

delivery conduit means coupled at its opposite ends to 
said main conduit means and to said delivery means; 

vent valve means adapted to be cycled between an in 
operative condition, wherein flow of gas takes place 
from said source through said main conduit means 
to the atmosphere through said vent opening, and 
an operative condition, wherein the flow of gas is 
from said source through said main and delivery con 
duit means to said delivery means; 

a venturi in said delivery conduit means; and 
control means including pressure-sensing means coupled 

to said venturi at the throat thereof and to said de 
livery conduit means at a location spaced from said 
venturi; means connecting said control means and 
said went valve means to cycle said vent valve means 
between said inoperative and said operative condi 
tion, and means for preventing a negative pressure 
signal in said delivery conduit means adjacent said 
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delivery means from acting on said control means 
through the coupling to said delivery conduit means 
spaced from the venturi, but permitting such signal 
to act on said control means through the coupling 
at the throat of said venturi, said control means be 
ing responsive to a predetermined negative pressure 
signal in said delivery conduit means adjacent said 
delivery means for cycling said vent valve means 
to its operative condition and to a predetermined 
terminal flow through said delivery conduit means 
independent of absolute pressures therein for cycling 
said vent valve means to its inoperative condition. 

2. In respiration apparatus including a source of pres 
surized gas and delivery means, a patient-controlled sys 
tem for supplying intermittently gas from said source to 
said delivery means comprising: 

a main conduit coupled to said source and having a 
vent opening to the atmosphere; 

vent valve means operative intermittently to close said 
vent opening; 

a delivery conduit coupled at its opposite ends to said 
delivery means; 

flow-directing means in said main conduit adjacent the 
junction of said delivery conduit for directing flow 
in said conduit from said source past the junction 
of Said delivery conduit and out said vent opening 
when said vent valve means is inoperative, whereby 
the pressure in said delivery conduit adjacent the 
junction of said main conduit during such flow is 
approximately equal to atmospheric pressure; 

an inspiration-start valve in said delivery conduit re 
sponsive to a negative pressure therein on the down 
stream side thereof when said vent valve means is 
inoperative to block flow through said delivery con 
duit; 

a venturi in said delivery conduit intermediate said 
inspiration-start valve and said delivery means; 

and a diaphragm-type sensing unit including a cham 
ber divided by a movable diaphragm into first and 
second compartments coupled to said delivery con 
duit at a location upstream of said inspiration-start 
valve and to said venturi at the throat thereof, re 
spectively, said diaphragm including means connect 
ing said sensing unit and said vent valve means; said 
diaphragm being movable between an expiratory po 
sition, wherein said vent valve means is inoperative, 
and an inspiratory position, wherein said vent valve 
means is operative to close said vent opening and 
cause flow to take place through said main and de 
livery conduits from said source to said delivery 
eaS 

3. The subject matter of claim 2, wherein said inspira 
tion-start valve is also responsive to a positive pressure in 
said delivery conduit when said vent valve means is 
operative to permit flow through said delivery conduit. 

4. The subject matter of claim 2, wherein said first com 
partment is coupled to said delivery conduit by means 
including a pitot tube disposed in said delivery conduit 
with its opening facing upstream. 

5. The subject matter of claim 2, including means bias 
ing said diaphragm toward its expiration position. 

6. The subject matter of claim 5, wherein said biasing 
means is a spring; and 

including means accessible from the exterior of said 
sensing unit for adjustably establishing the rate of 
said spring. 

7. The subject matter of claim 2, wherein said vent 
valve means is operated by pressurized gas from said 
source delivered thereto by means including a pitot tube 
disposed in said main conduit with its opening facing up 
stream and an auxiliary conduit with a bleed orifice there 
in, said vent valve means being operative to close said vent 
opening when said bleed orifice is blocked and inoperative 
when said bleed orifice is open; and 

including means operatively connected to said sensing 
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10 
unit and operated thereby for blocking said bleed 
orifice when said diaphragm is in its inspiratory 
position, said bleed orifice being open when said dia 
phragm is in its expiratory position. 

8. The subject matter of claim 2, wherein said flow 
directing means comprises a tube of reduced cross-section 
in relation to the cross-section of the main conduit dis 
posed generally longitudinally within the latter with its 
outer periphery spaced radially inwardly from the inner 
periphery of the main conduit, said tube being sealingly 
joined adjacent one end to said main conduit at a loca 
tion upstream of the junction of said main and delivery 
conduits and having its opposite end extending past said 
junction. 

9. In respiration apparatus including a source of pres 
surized gas and delivery means, a patient-controlled Sys 
tem for supplying intermittently gas from Said source to 
said delivery means, comprising: 

a main conduit coupled at one end to said source and 
having a vent opening at the opposite end to the 
atmosphere; 

a vent valve seat at the opposite end of said main con 
duit; 

an inflatable-deflatable type vent valve cooperable with 
said seat in an inflated condition to block said vent 
opening and in a deflated condition to permit flow 
from said source through said vent opening to the 
atmosphere; 

a pitot tube in said main conduit with its opening fac 
ing upstream; 

a valve-supply conduit coupled to said pitot tube and 
to said vent valve and having an internal restriction 
and formed with a bleed passage sized in relation to 
the restriction so that when the bleed passage is open 
said vent valve is deflated, said vent valve being in 
flated when said bleed passage is closed; 

a delivery conduit couped at its opposite ends to said 
main conduit and to said delivery means; 

flow-directing means in said main conduit adjacent the 
junction of said delivery conduit for directing flow 
in said main conduit from said source past the junc 
tion of said delivery conduit and out said vent open 
ing when said vent valve is deflated, whereby the 
pressure in said delivery conduit adjacent the junc 
tion of said main conduit during such flow is ap 
proximately equal to atmospheric pressure; 

an inspiration-start valve in said delivery conduit oper 
able intermittently to block flow therethrough when 
the pressure in said delivery conduit upstream thereof 
is approximately equal to ambient pressure and the 
pressure in said delivery conduit downstream thereof 
adjacent said delivery means is less than ambient 
pressure; 

a diaphragm-type sensing unit including a chamber 
separated into first and second compartments by a 
diaphragm movable between expiratory and il 
spiratory positions; 

sensing means in said delivery conduit upstream of 
said inspiration-start valve; 

a venturi in said delivery conduit between said in 
spiration-start valve and the delivery means hav 
ing a pressure-sensing port at the throat thereof; 

a first sensing conduit coupled at its opposite ends to 
said sensing means and to said first compartment; 

a second sensing conduit coupled at its opposite ends 
to said part at the throat of said venturi and to said 
second compartment; 

valve means operatively connected to said diaphragm, 
said valve means being operative to close said bleed 
passage when said diaphragm is in its inspiratory 
position and to permit flow through said bleed pass 
age when said diaphragm is in its expiratory position; 

and means biasing said diaphragm toward its expiration 
position, said diaphragm being responsive to a slight 
negative pressure delivery means to overcome the 
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action of said biasing means and move from its ex 
piratory toward its inspiratory position. 

10. The subject matter of claim 9, wherein said sensing 
means comprises a pitot tube with its opening facing up 
stream. 
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