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23 Claims. (CL 128—30)

This invention relates to apparatus for producing arti-
ficial respiration in a patient and more particularly to
the type of artificial respirator where the patient’s chest
and/or abdomen are enclosed in a casing and are sub-
jected to alternating negative and substantially atmos-
pheric or positive pressures to assist him to breathe under
conditions where either the patient, by himself, is capable
of initiating inhalation but is incapable of adequately com-
pleting it, as for example in bulbar polioc cases or in polio
cases where the patient’s breathing muscles are not com-
pletely paralyzed. In some aspects the apparatus of this
invention is also capable of use with a patient who is com-
pletely incapable of initiating any breathing action what-
soever as in polio cases where the patient’s muscles are
completely paralyzed.

One object of the invention is to provide an artificial
respirator which is pneumatically controlled either by
the patient himself or by a pneumatic system which is
operated by variations of pressure within the respirator
casing. ;

Amnother object is to provide an artificial respirator
wherein the patient himself controls the initiation of the
commencement of the negative pressure cycle when he
consciously or subconsciously initiates inhalation.

Another object is to provide an artificial respirator
wherein the patient himself initiates the commencement
of both the negative pressure or inhalation period and
the atmospheric or positive pressure or exhalation period
when he initiates inhalation and initiates exhalation.

A further object is to provide an artificial respirator
with two pneumatic controls, one operated by the patient
himself when he initiates inhalation and the second oper-
ated by a pneumatic system connected with the interior of
the casing so that the latter pneumatic control functions
in the event the patient becomes unable to initiate inhala-
tion or in the event the first pneumatic control fails to "
function for any other reason.

Another object of the invention is to provide an artifi-
cial respirator with a novel pneumatic control.

A further object of the invention is to provide a pneu-
matic control for an artificial respirator which is so sensi-
tive that the patient can operate it himself by the sub-
conscious initiation of an inhalation without any notice-
able effort and without being conscious of himself con-:
trolling the apparatus. -

Other objects of the invention are to provide an arti-
ficial respirator of the character described which is of
simple, compact and durable construction, which is ac-
curate and dependable in use and which is economical to
manufacture and to maintain in operation.

Other and further objects and advantages of the in-
vention will be pointed out in the following description
and by reference to the accompanying drawings wherein

Fig. 1 is a side elevation of one form of respirator with
which the invention may be utilized, showing one position
where the patient-initiated control may be installed;

Fig. 2 is a side elevation similar to Fig. 1 with part of
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the respirator casing broken away and shown in vertical
section, and showing the position of the patient and al-
ternate means by which the patient-initiated control de-
vice may be interconnected to the patient;

Fig. 3 is an enlarged elevation of a pneumatically oper-
ated switch for one embodiment of pressure control de-
vice embodying the invention;

Fig. 4 is a rear elevation of the device of Fig, 3;

Fig. 5 is an enlarged side elevation of the device of
Fig. 3 with parts shown in vertical section;

Fig. 6.is a schematic view of the device for creating
variations of pressure within a respirator casing including
a patient-initiated control for the pressure creating device;

Fig. 7 is a schematic view of another embodiment of
the invention showing the combination of a patient-
initiated control and an automatic control, the patient-
initiated control being normally utilized and the auto-
matic control becoming operative if the patient control
fails. ’

Referring to Figs. 1, 2 and 6 of the drawings, the respi-
rator is here shown by way of example as comprising the
usual substantially air-tight respirator casing 1 which
forms an enclosure for the patient’s body up to his neck.’
The patient reclines upon a horizontal bed 2 (Fig. 2) with-
in the casing and his neck extends through a restricted
orifice in a collar 3 of sponge rubber material at the end
4 of said casing, his head resting upon the headrest 5 and
exposed to the atmosphere. It is to be understood, how-
ever, that the enclosure for the patient’s chest may com-’
prise a conventional “chest respirator” wherein the sub-
stantially air-tight casing forms an enclosure for at least
part of the patient’s chest. Such a respirator sometimes
encloses the entire chest, sometimes part of the chest and
part of the abdomen.

Beneath the opposite end of the respirator a compart-
ment & (Fig. 1) is provided in which is disposed an ap-
paratus schematically shown in Fig. 6 and which includes
a negative pressure conduit 19 communicating at one end
with the interior of the respirator casing through the con-
duit 108. At the opposite end 11 of the conduit 10 a-
motor operated suction blower 12 of any desired con- -

- struction is provided for continuously creating negative

pressure within the negative pressure conduit 10. An at-
mospheric conduit 13 communicates with the delivery con-
duit means 100 and thus with the interior of the casing 1
and with the atmosphere through the port 14. The ex-

- haust tube 15 extends from the suction blower 12 into the
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atmospheric conduit 13 and it is provided at the end ad-"
jacent to the port 14 with a venturi 17 having a restricted
orifice. An electrically operated butterfly valve 18 is
provided in the atmospheric conduit 13. )

The valve 18 is opened and closed by suitable means
here shown as a double acting solenoid 20 which is ener-
gized by one circuit to close the valve and cnergized by
another circuit to open the valve as will hereinafter be
described.

When the valve 18 is closed, the suction blower 12 cre-
ates negative pressure in the negative pressure conduit 10
and in the respirator casing-1 and this negative pressure
causes expansion of the patient’s chest and Iungs and thus -
causes an inhalation. When the valve 18 is opened the

- exhaust air from the suction blower which has up to this

point passed out to the atmosphere through the atmos-
phere port 14, passes through the conduit 13 to the casing
1. When it passes through the venturi 17 it draws in air
through the atmosphere port 14 thereby increasing the

-volume of gas transmitted to the casing and more rapidly

neutralizing the negative pressure in the casing and build-
ing up the pressure therein to atmospheric or positive.
This variation in pressure acts upon the patient’s chest and

creates a forced exhalation.
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The negative pressure conduit 10 is provided with an
atmospheric pressure. gas inlét port 21 providing com-
_munication between the atmesphere and the interior of
'the negative pressure conduit 16, the inflow. of air, being
controlled by a suitable valve 22 here shown for example

as comprising a cylindrical casing .23, having a central:

bore 24, the inner end of the casing constifuting. a. valve
seat 25. A disk 26 constituting a valve is.shown in.seated
posrtlon and is resrlxently urged outwardly to.seated. posi-
ficn by mieans of a helical spring 27 having its inner end
in contact with the outer end of the.casing 23'and its-outer

end engagrng ‘the head”28 of a stem 29 fast to.the disk.-

* 'This is 4 safety valve and it opens only when the negative

.- pressure within the conduit 16 exceeds a predetermmed‘
. dmount; in which event the valve 22'is moved” inwardly

compressing- the spring- and- adrmttmg gas . under. atmos-
pherie-pressure-to- the condmt 10 and thereby decreasing

the -amount ‘of ‘negative pressure in the conduit vitil' the .

'sprmg returns: the-valve to its normal’ seated position.

Fhe- condmt 106is provrded -with an outlet _port 30 pro-.
viding communication”between- the- atmosphere and"the
interior of:this conduit, the outflow-of air being controlled .

by a suitable valve here shown by way of example. as.a
valve:32:-which- is-moved-to closed position by negative
pressure-within the -conduit but which opens to an adjust-

able.predetermined extent- determined by the position of:
the. regulating; screw-33: supported by the plate 34 when:

the _pressure: of. the: air- within the- conduit-reaches sub-
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stantially. atmospheric: pressure. Accordingly; this valve -

functions.as.a leak.for - posrtrve pressure and by adjusting

the:amount.it can.open,- the-size of:the leak-is-controlled:
" and the maximum positive pressure-which-can- ‘be created-

in the casing:is.likewise.controlled.

Supported.-on.a bracket. 49 of the headrest 5-by suit--
able, means_such: as-a. hook. 41:is.a-pneumatic switch 42"
(Figs, 1:to 6:inclusive) comprising. a housing. formed by -
-preferably: disk.shaped front-and rear plates-44-and-45: of-

‘80
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alummum or-other saltable matenal and -held together by '

clamps 46 -and- 47 en"agm0 the outer faces of the plates 44
and 45 and Dbeing held together by screws-48-and nuts 49;.

f.the plate.45.is very. slightly con-

cave (Fio 5)“;{:1(1 is: formed adjacert 1ts center with- a»

4.

The opposrte end of the base of the T couplmg thread-
edly receives a nipple coupling 79 to which is fnctronally
connected a flexible tube 80 which in turn communicates
with the patient in a mannei hereinafter to be described.

Disks-82 of suitable material such as rubber are pro-
vided on both sides of the diaphragm adjacent its central
portion and carry the other switch contact 83 which ex-
tends through the disks and diaphragm and is held in-
place by a nut84:on the. valve chamber side of the dia-
phragm. The contact 83 is electrically connected through
the wire 85, screw 86; plate:-45; clamps- 46 and 47 and-
screws 49 -and plate-44.to the terminal-87 and.to wire 88,
the -opposite wire of the circuit. The terminal 67 is insu- -

-lated from the terminal:87 by.suitable means as an insulat-

ing- plate 89 of suitable insulating matenal connected to
the outer face of plate 44.

With reference to Fig. 2; the outer end of the -flexible
tube 80 may be either connected to the upper lip of the
patient directly beneath one-nostril by suitable means as.
bya- stnp of -adhesive tape or inserted in His moutlr or (as

shown in- dot-dash), extend through a hole in the-head’

end-of the-casing and thence to the nipple-21- of the tubu-

lar breathing belt 92-which is strapped- about the chestof > -
the-patient- The bréathing belt-92-comprises:a- hollow-

flexible strip-of-Tubber- tubmg having :a-pleated side wall*
and closed-ends-and-which -when- the patient’s-lungs-and-
chest are expanded-is ‘extended- creating negative pressure:

within-the member-92 and tube 80 and wrthu:t the valve :

chamber §7.

- In-either case; negative pressure 1s- created in the tube*
80-at the initiation- of each:period of inhalation- which-
pressure is transmitted ‘through the-tube- 80, .couplings-79+
and 71; and conduit 70 into the valve chamber 57; thereby-
to.subject. the: diaphragm to -negative-pressure: when -the:
patient himself initiates.an-inhalation. :

From the: foregoing.it-is-clear that upon- initiation by5
the: panent of the period of inhalation, the negative pres:-
sure is created in the valve chamber 57 -causing. the-

" -diaphragm to-move toward-the inner faceof plate45,

40

vinyl plastrc the perlpheral edge 53.0f the dlaphragm ex- - 40

tending outwardly over the peripheral edge 54.0f the plate:

,45 and there,v held jn, position by the perlpheral clamp 55.+

1 laph
_plates to- deﬁne an. atmospherrc pressure chamber 56 be-.
tween the. dlaphragm and plate.44 and a valve. chamber 57:

7 between the dlaphragm and the plate 45.

The plate 44 is, movxded with.a: plurahty of ports: 58 SO
-that .the atmosphenc pressure.chamber- 56, i$ in free com- -
Plate. 44 is-

munication with the atmosphere-at all times:

further provided with .a_central transverse bore.59. to.re-

ceive the reduced: end of an, msulatmg -collar -60:.0f: suit-.
able plastlc msulatm0 materral which is- conneeted: -to ‘the:
outer face.of the: plate 44.by screws..(not shown) and is:
~ formed with a central bore to receive an internally .and -

externally threaded bushing 62.  The bushing in turn. re-

ceives an externally threaded adjusting screw. 63 prov1ded"
wrth a,_ﬂnob 64, the inner end-of-the-screw. carfying.a.
itch.contact 65 whrch is. electrlcally connected. th_rough .
the SCIEW, 63 wire 66, contact 67 and wire-68 to one:wire-

of a, cn:cmt

60

thereby to.open the normally closed: contacts 65-and:83:
During the period:of:the, patient’s-inhalation atmespheric-

pressure is allowed. to leak ‘back tlirough -port 78; needle.- -

valye:75;.coupling 74, conduit73; coupling 71:and conduit
70:into-the valve chamber.at a predetermined-rate: regu-.
lated by.the needle:valve: so-that-upon:the -termination:
of :the: normal period : of inhalation -the pressure- within
the valve:chamber 57 is: almost ‘immediately. returned:to-
substantially. atmospheric. and then the diaphragm: returns
automatlcally te its:normal ‘position with-the contacts: 6:
and :83:in closed position.: ..

Opem,ng of . the . contacts: 65::and: 83 -de-energizes: the -
relay ;R. to .close .the: circuit: Td; 104; 162, 29; 101; T2;

- energizing: the :solenoid. 28 which-moves ‘the valve 18ito:

65

closed:: position;- thereby. initiating- the negative -pressure
cycle within the casing to assist:the:patient’s .inhalation:
during. the remainder of:his:peried :of :inhalation: :

Closing of ‘the- contacts: 65: and- 83: energizes .relay :R B

- -which: opens ‘the first circuit-and: closes. the- circuit: T1.
© 104,-106; 20, 161  and T2, thereby.causing, the: solenoid:

60

656

The. central bore 51 .of - the: plate .45-at-its outer end-.

receivés an, mternally threaded metallic bushmg 69 which
in turn threadedly receives the inner end: of a.conduit 70,

t.he .opposite.end of the conduit being. connected.to a stem
" of a.T.coupling:7%.. One. end of the base of the T cou-
plmg threadedl/ receives a. condmt 73 at the opposite-end:;
of which is connected by suitable means as.the coupling 74
a: conventronal needle valve 75, the, needle valve. being.
’ adjustable through the stem 76 and ad;ustmg knob 77 and .
having a port 78 in communication with the atmosphere

to.move; the-valve-18 toopen position. . This-terminates.
the-negative pressure; cycle -and: causes. atmospheric- or:

positive: pressure: to: be: built-up; in:.the: respirator: casing;= -
‘thus - aiding the. pahent during exhalation:

-When: the-tube 88 is-attached with :ifs: endradgacent 1o

the, p_atlent_’s,nostnl, there-is a:space.between its: opén -end’

and. the patient’s nostril :so: that-when: the patient’s .lungs:
are fully expanded.and air-ceases to -be:drawn in:through-
his nose from- the atmosphere: negative pressure: is:ne;
longer. created at the eénd-of -the tube-89;dndair; under

' atmospheric pressure-enters: the: open: end: of ‘ the: tube:

70

and.- -it -quickly - neutralizes’ thé- negative pressure: in- the:
chamber .§7. - Hence;. the pneumatic-switch :may:be:used :
without ., the needle valve-75.when-the: tube.- 80 -is:inter=.
connected; with: the - patient: at: his nostrtl The:same=is:
true with-the. end of ithe tube located between. the: patunt s

75 lips.

B
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When the tube 80 is connected with the chest operated
member 92, however, the needle valve 75 or its equiv-
alent must be used to create atmospheric pressure in the
valve chamber promptly after the patient’s lungs have
been fully expanded at which time the extension of the
chest operated member 92 is discontinued.

In all cases the needle valve is useful to adjust the
length of time necessary to neutralize the negative pres-
sure in the chamber 57. The patient can also himself
initiate the exhalation cycle by commencing to exhale
into the tube, thereby creating positive pressure therein.

From the foregoing description it will be apparent that
by utilizing the embodiment of Figs. 1 to-6 the patient

himself initiates each period of inhalation and that opera--
- tion of the device is much more satisfactory than that

of the customary artificial respirator in which periods of
inhalation and exhalation of predetermined duration are
forced upon the patient.

The embodiment of Fig. 7

The embodiment of Fig. 7 essentially comprises an
apparatus wherein the patient normally controls the
actuation of the butterfly valve 18 through a patient
operated pneumatic switch similar to the one shown in
Fig. 6 of the drawings but a second automatic pneumatic
switch similar to the one shown in Fig. 3 of applicant’s
copending application Serial No. 416,858, filed March
17, 1954 is provided to take over operation of the valve
18 in the event of failure of the patient operated pneu-

. matic switch.

In this embodiment the pneumatic system represented
by the blower 12, conduits 10, 13, 100 and 15, venturi
17, atmospheric port 14 and safety valves 32 and 22
operate in the same manner as described in connection
with the embodiment of Fig. 6.

The pneumatically operated switch element 42 is of
the construction illustrated in Figs. 1 to 6 of the drawings
and the tube 88 is interconnected with the patient either
at his nostril, lips or chest in the manner illustrated in
Figs. 1 and 2 and as described in connection with the
description of the embodiment of Figs. 1 to 6 of the
drawings. Pneumatic switches 42 and 190 are adjusted
to cooperate with each other so that the apparatus is
ordinarily patient cortrolled by means of switch 42 but
in case pneumatic switch 42 becomes inoperative, pneu-
matic switch 198 automatically takes over to automati-
cally control the breathing cycle.

The second double acting automatic, pneumatic switch
190 is mounted in the housing 122 and is located in the
lower chamber 124 thereof. The port 125 affords con-
tinuous communication between the interior of the cham-
ber 124 and the atmosphere.

The diaphragm 126, made of rubberized fabric or other
suitable flexible material, has its edge secured to the
housing 122 and it forms one wall of the substantially
air-tight chamber 132. )

The switch arm 153 is mounted for pivotal movement
about the axis 160 and it is normally retained in the
position illustrated in Fig. 7 by the permanent magnet
156. When it is in said position one of the circuits
hereafter described is closed by the spring pressed plunger
154. When the switch arm is moved upwardly a suf-
ficient distance about the axis 160 the spring pressed
plunger 154 is elevated by the spring (not shown) and
this action cpens the first mentioned circuit and closes
another circuit.

The arm 153 is elevated about its pivotal connection
by the wire 151, the lower end of which is secured about
the switch arm 153 and the upper end of which is
attached to the center of the diaphragm 126.

When sufficient negative pressure is created in the
chamber 132, said negative pressure acts upon the center
of the diaphragm 126 and moves it upwardly a suf-
ficient -distance so. that the lower end of the wire 151
elevates the free end of the switch arm 153 and it snaps
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6
away from the magnet 156, thus permitting the plungef :
154 to move upwardly followmg the arm. !

When the negative pressure in the chamber 132 is
neutralized to substantially atmospheric pressure or to.
positive pressure, the diaphragm 126 returns to the normal
position illustrated in Fig. 8 and the arm 153 is moved
downwardly into contact with the upper surface of the
magnet 156. This action correspondingly. depresses the
plunger 154 and causes another circuit to be energized -
as more fully described hereafter.

The interior of the chamber 132 is connected to the
interior of the respirator casing 1 by the transfer conduit
150, one end of which communicates with the top of the
valve chamber 132 and the other end of which is pro--
vided with a slight flared portion 162 which, in the
embodiment illustrated, is located in the atmospheric
conduit 13 so that it may more readily receive atmospheric
and positive pressure created in the atmospheric conduit.

The transfer conduit 150 is provided with a negative
pressure by-pass conduit 165 and an atmospheric by-pass
conduit 170. The check valve 166 in the negative pres-
sure by-pass conduit is normally closed but it is opened
by the creation of negative pressure in the negative pres-
sure by-pass 165 and it is automatically closed when the
pressure in said by-pass is returned to at least substantially
atmospheric pressure. The valve 167 located in the nega-
tive pressure by-pass may be a needle valve or any other
means for controlling the effective size of the passage in
the negative pressure by-pass.

The check valve 171 is opened by the creation of sub-
stantially atmospheric or positive pressures in the atmos-
pheric by-pass conduit 170 and is closed by negative pres-
sure therein. The valve 172 in the atmospheric by-pass
may be a needle valve or any other means for controlling
the effective size of the passage in the atmospheric by- .
pass 170.

The valve 175 located in the transfer conduit 150 may
be a needle valve or any other means for controlling the
effective size of the passage in the transfer conduit.

As in the embodiment illustrated in Fig. 6 of the draw-
ings, the valve 32 functions as a leak for positive pressure
created in the conduit 109. It consists of the plate 34,
regulating screw 33, port 30 and the valve 32 which is
pivotally connected to the conduit 180 at one end. It
serves to control the maximum amount of positive pres-
sure created within the respirator casing.

With the butterfly valve 18 in closed position, the
negative pressure creating means 12 creates negative pres-
sure in the respirator casing, causing a period of inhala-
tion by the user. At the same time, negative pressure is
created in the transfer conduit 150 and in the by-pass
conduits 165 and 170. The negative pressure in the at-
mospheric by-pass 170 closes the check valve 171 where-
as the negative pressure in the negative pressure by-pass
165 opens the check valve 166 so that negative pressure
is transmitted to the chamber 132 of the pneumatic switch
element.

Eventually sufficient negative pressure is built up in the -
chamber 132 to elevate the center of the diaphragm 126,
the outer end of the switch arm 153 and the contact
plunger 154. The amount of time requued to build up
the required amount of negative pressure in the chamber
132 depends upon the adjustment of the needle valve 167.

When the switch arm 153 is thus elevated by the di-
aphragm 126, a circuit is completed through the double
acting solenoid 20 as hereafter described and it opens
the butterfly valve 18. .This terminates the period of
inhalation by the user and permits air under positive pres-
sure to flow from the venturi 17 and port 14 through the
atmospheric conduit 13 and the conduit 100 to the in-
terior of the respirator casing 1, thus neutralizing the -
negative pressure previously built up therein and return-
ing it to atmospheric or positive pressure.

Opening of the valve 18 also causes air under positive
pressure to enter the transfer conduit 150 and to meu-



: 7
tialize~the- -negative -pressure theretofore- present-therein.
This air under positive-pressure-closes the chieck ‘valve- 166+
and ‘opens-the check valve-171 and it passes through: the
atmospherrc ‘by-pass-170-and-thence:to the valve-chamber -
132: of ‘the pneumatically “operated® switch! Eventually-
it-neutralizes-thé-negative pressure previousty- built-up-in;

_the-chamber-132: and- the*pressure- therein-becomes-sub-

- stantlally -pesitives The-center-of-the d1aphragm~126 ‘then

is-returped to-its-lowered position and the wire 151 moves™

the free end of the switch- arm-153- downwardly “to-the-
position shown-iir Fig- 8:  The-amount of time required .
for--this- operation:-depends- upon -the - adjustment of-the-
needlé-valve-172 since-said valve controls the rate of-flow-
of-’gas-through the ‘conduit- 170 -

“When' the-switch®, arm- 153 ‘has: been-returned” to- its
16wered - position; the -contact * plunger- 154 :is lowered;
the-circuit - previously- energized ‘is-opened* and--another
- circuit+ hereafter - described s -closed- which: causes - the
solenoid:29 to-rotate-the butterfly-valve-18 to closed posi-
tion.. This shuts-offthe supply ‘of positive pressure-in the
atmospheric: conduit~13* and- causes- the éxhaust from- the
venturi 17 to be vented to- the -atmosphiere- through the
port-14.. Negative pressure is now- built- up in-the res-
pirator: casing-1- by the suction- blower-12; the period “of *
exhalation-is terminated’ and” the next-period- ‘of: mhala-
tlon is commenced.

-From-the- foregoing- description; it will be understood-'

that the ‘needle valves-167 and- 172 may be- manipulated:
to pr0v1de a longer period of mhalatlon than of- exhala-
tion-or vice versa.

“The ‘needle-valve 175 located in the transfer conduit

- 156 ‘may ‘be-used-to-adjust-the-duration: of -the-combined -
periods of-exhalation-and-of-inhalation: When-the needle-
valve-175-is -adjusted- toward ' closed -position; gas passes:
through the-transfer ‘condnit 150:at*a smaller volume per-
unit of time and consequently the duration of the com-= -
bined periods-of-exhalation and- inhalation is-increased.
Convelsely, when -the-valtve -175-is-adjusted-toward* open -

: posmon the duration of the-combined periods-of- exhala-

tion- and: inhalation- is- decreased- because--gas‘ passes

through the transfer -conduit- in- greater volume- durmg &
gtven ‘period-of -time.

Fronr the foregoing: descrlptxon it will be-understood -

that thie action of switch:199- may-be-adjusted by the three-
needleé valves 175, 167 and- 172"s0 as-to- -automatically-
produce .a pericd of ‘inhalation-of- any - desired- duration
followed by a. period- of ‘exhalation of any-desired ‘dura-
tion ‘and-to-provide- a- combined period’ of- exhala’txon and»
of inhalation-of -any ‘desired-duration.

- With- the: butterfly- valve. 18- in-open- posmoxr positive:
pressure- is -created-within the- respirator- casing -1' by the
_ blower-12.- Upon-the initiation-of a period-of-inhalation
by-the patiént, negative- pressure is created:in-the-valve-
chambsr 57+ of “the - pneumatically - operated’ switch- 42°
through: the ‘tube- 86 and “said-pressure-opens-the:contacts
65; 83 by-moving -the- center- of ' the: diaphragm- 52 in-

8774318
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substantrally atmosphenc -pressure ‘whereupon- the- dia-
phiragm 52 ‘automatically-returns-to-its-normal* position-
closing the:contacts-65 and: 83 This causes-the- circuit-
T1; 1033 R; 201: 190, 200, 68; 65; 83; 88, and: T2:t0 be"

5> closed- ‘and-the- -relay-closes the-circuit-T1; 103; 104 106;

20, 101, and T2:thereby causing the- solenoid to-move-thé-

" valve-18-to openposition: - This-terminates-the: negatlve ;
pressure: cycleand causeS"atmosphenc oI’ pOSitive pressure:
to- be ‘builtup-in- the- respirator casmg 1 thus aiding the"

10 patient during exhalation.

When the: period-of'i exhialation has-been- completed the :
patxent again: initiates a;period’of inhalation; moving the .
dlaphragm 52 inwardly-of the valve chamber 57-and: open=’

__ing the contacts-65° ‘and‘83-to- th,us initiate the next period>

15 of ‘aided‘inhalation:

By means: of-the needle valve 175:in the transfer con- .
duit 150; the auxiliary pneumatic-switclr 190°may be ads
justed to take over operation of the -valve-18: For-ex="

- ample, when a patient -normally-breathes, eighteen times
-20* per' minute, . by_. controlling. the.-apparatuys.. through ' the

switch .42 the needle valve 175 is closed to.such an ex-
tent that when the butterfly valve 18 is under operation. of’
the pneurnatic switch. 190. through the. transfer conduit
150, it will "produce. twelve bieathing cycles per minute::

:25~ With. the. needle valve 175 ‘thus adjusted and. with, the

pneumatic. switch 42. producmg cighteen. breathing -cycles.
pei; minute; under. control of the, patient, the pneumatlc’
‘switch 190 does not fiinction while the switch-42 is func-

tioning because during -each - penod of inhalation insuffiz =

0" cient. negative pressure. is built up,.in the.valve chamber

132 to_actuate_the: dlaphragm ‘126’ sufficiently to: operate'.
the switch. 190 Durmg each penod of” exhalatlon the,

Whien the pneumatlc sthch 42 ‘becomes 1noperat1ve,

85 however, because. the patient, hunself s, unable to initiate - '

40
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an. mhalatlon or -for. any. other: reason,. the. contacts.. 65..
and. 83 remain in.normal closed. position, the switch. 190
takes_over control of the. butterfly. valve 18 through the
relay R and ‘prodiices.respiration at the rate of’ twelve.

" cycles. per minute_or-at whatever. rate. the valve 175:has.

been. set to- produce.. Under. such operation. with. -
valve 18. open, , , positive. pressure is transmitted to.the
respirator: casing and. through: the. transfer conduit’ 150, s,

_ valve 175, positive. by passes 170, valve 171: and_thence:.
43 to. the. chamber. 132..

When: sufficient positive. pressure.. -
builds up in the chamber 132 th¢ diaphragm.126 is moved:
downwardly and .causes.the contacts of the. switch 190:to
be opened.. This: opens. the circuit-T1, 183, R, 201, 199,
200, 68, 65, 83,88 and T2: :and causes the relay to close.
“the_circuit. T1,. 103 164,102, 20 101. and T2 energizing: .
the solenoid 29 which moves: the butterfly valve 18 to.:
closed position. thereby initiating, the.. negative.. pressure
cycle within th¢ casing 1.to produce.an inhalation.

With: the_valve 18 closed and negative pressure, being

55% created within the resplrator casing by-the suction blower, -

wardly of the valve chamber 57. This opens the circuit

T1; 1037 R, 261, 190, 209; 68, 65; §3; §8-and T2: Open-
ing- this- circuit-causes- the -relay - to -close: the -circuit T1;

- 7193;-104, 102, 26, 191 -and T2:energizing the -solenoid 28;

" which-moves the-butterfly valve- 18- to- closed- position;
thereoy inifiating -the -negative- pressure-cyele within- the-
casing-1-to assist-the patient’s- inhalation during: the re-
maindér of the period of inhalation:

is- allowed to-leak-through-the-needle valve:-75 into- the -
valve-chambar-57-to nearly counteract the-negative pres--
sure-which: continues to be-transmitted:- to the chamber £7-
through- the tube’ 80:  Upon termination of ‘the normal
period-of inhaldtion the patlent s-lungs -and-chest are fully
expanded--and the- creation:-of- negative: preSsure in - the~

tube- 80 ‘eithier-at-the-patient’s’ nose; or :lips-or. by-the-

- member 92 about: his chest- (dependmg -upon which con-
nection-is-used) ‘i discontinued’ and -the-pressure- within

12, sufficient pressure. is eventually created in the .chamber
132. to. elevate . thie. center of, the_ dlaphragm 126 and
through the wire: 151to,elevate the switch arm 153 from
* the ‘magnet 156, thus closifg ‘the circuit T1, 103; R, 201, :

60 190, 200, 68, 65, 83, 88 and T2 and relay then_ closes the

circuit. TY, 103 164;: 106 20; 101 and T2 thereby causing.
the solenoid to move the valve 18 to.open position,: This. -
terminates: the negative. pressure. cyele and causes.positive:

. pressure:to be built up_in the respirator casing,, thus aid-. -

"Durinig- the-period. of ‘inhalation, -atmospheric pressure- 65+ ing the patient during exhalation.

From the foregoing: description, it will be apparent that
the apparatus of Fig. 7 provides an-artificial respirator’ W1th o
- two pneumatic controls; one. operated-by the-patient. him-

70’ -self and which:is:normally -in: use:and:another: operated. -

by-a preumatic.system conpected:with the:interior-of:the

respiratos: casing- and - whiclr: funetions: in- the “event: the::
patient; becomes; unable- to. initiate :inhalation: himself:or.:
in the-évent-the-fifst: pneumatlc control fails-to functxon =z

. the -valve chamber 57:is- alrnost ‘immediately - returned ‘to+ 75 for. -any- other ‘Teason:
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Other suitable pressure responsive members may be
substituted for the diaphragms 52 and 126.

It should be understood that the pressure in chamber
132 can be cyclically controiled in accordance with the
manner shown in Fig. 2 of applicant’s copending applica-
tion Serial No. 416,858, rather than by the construction
shown in Fig. 7.

‘While in the embodiment of Fig. 8 positive pressure
enters the end 162 of the transfer conduit 150 the appa-
ratus will function equally well if alternate cycles of nega-
tive and substantially atmospheric pressures are used as in
the embodiment disclosed in Fig. 2 of applicant’s copend-
ing application Serial No. 416,858, filed March 7, 1954.

While I have shown and described embodiments of the
invention, it is to be understocd that this disclosure is for
the purpose of illustration only and that various changes
and the substitution of equivalent elements may be made
without departing from the spirit and scope of the inven-
tion as set forth in the appended claims.

Iclaim:

1. Apparatus for producing artificial respiration com-
prising a substantially air-tight respirator casing to re-
ceive and enclose at least part of the user’s chest but with
his head exposed to the atmosphere, means for continu-
ously creating negative pressure, a negative pressure con-
duit having one end communicating with said pressure
creating means and the other end communicating with
the interior of the casing, an atmospheric conduit provid-
ing communication between the interior of the casing and
the atmosphere, a valve in the atmospheric conduit
movable to open and closed positions and which, when
in open position, admits gas from the atmosphere through
the atmospheric conduit to the casing to assist the user’s
exhalation and substantially to neutralize the negative
pressure created in the casing by said pressure creating
means during each period of inhalation, electrically oper-
ated means to actuate said valve, and a pneumatically
operated switch for controlling said electrically operated
means, a tube for interconnecting the user with the pneu-
matically operated switch, said tube adapted to be so con-
nected to the user that initial expansion of the user’s hungs
upon the intiation by the user of an inhalation creates
negative pressure in said tube, and a diaphragm in said
poneumatically operated switch which is actuated by said
negative pressure to control the circuit to said electrically
operated means whereby said valve is closed upon the
initiation of each period of inhalation by the user thus
causing negative pressure to be created in the casing by
said megative pressure creating means thereby to aid the
user during the remainder of each period of inhalation.

2. The combination of claim 1 also comprising a sub-
stantially air-tight chamber on one side of the diaphragm
of said pnenmatically operated switch, one end of said
user interconnecting tube communicating with said cham-
ber, a passage providing communication between said
chamber and the atmosphere and means for controlling
the effective size of said passage, whereby after the cessa-
tion of the creation of negative pressure at the user end
of said tube the pressure in said chamber is returned to at
least substantially atmospheric pressure by the flow of air
through said passage from the atmosphere.

3. Apparatus for producing artificial respiration com-
prising a substantially air-tight respirator casing to re-
ceive and enclose at least part of the user’s chest but with
his head exposed to the atmosphere, means for continu-
ously creating negative pressure, a negative pressure con-
duit having one end communicating with said pressure
creating means and the other end communicating with
the interior of the casing, an atmospheric conduit provid-
ing communication between the interior of the casing and
the atmosphere, a valve in the atmospheric conduit
movable to open and closed positions and which, when
in open position, admits gas from the atmosphere through
the atmospheric conduit to the casing to assist the user’s
exhalation and substantially to neutralize the negative:
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pressure created in the casing by said pressufé creating
means during each period of inhalation, electrically oper-
ated means to actuate said valve, and a pneumatically
operated switch for controliing said electrically operated
means, a tube for interconnecting the user with said
pneumatically operated switch, said tube adapted to be so
connected to the user that initial expansion of the user’s
lungs upon the initiation by the user of an inbalation cre-
ates negative pressure in said tube, a diaphragm in said
pneumatically operated switch which is actuated by said
negative pressure to control a circuit to said electrically
operated means, whereby said valve is adapted to be closed
upon the initiation of each period of inhalation by the
user, thereby to aid the user during the remainder of each
period of inhalation, a second pneumatically operated
switch for controlling said electrically operated means
when said firsi pneumatically operated switch fails to
function for a predetermined period of time, a transfer
conduit providing communication between said second
pneumatically operated switch and the interior of the
casing, a check valve in said conduit which is moved to
open position by negative pressure in the conduit and to
closed positicn by at least substantially atmospheric pres-
sure in the conduit, whereby said second switch is adapted
to be moved in one direction by negative pressure created
in- said transfer circuit by said means for continuously
creating negative pressure.

4. The combination of claim 3 also comprising a sub-
stantially air-tight chamber on one side of the diaphragm
of said first pneumatically operated switch, one end of
said user intercomnecting tube communicating with said
chamber, a passage providing communication between
said chamber and the atmosphere and means for control-
ling the effective size of said passage, whereby after the
cessation of the creation of negative pressure at the user
end of said tube the pressure in said chamber is returned
to at least substantially atmospheric pressure by the flow
of air through said passage from the atmosphere.

5. Apparatus for producing artificial respiration com-
prising a substantially _air-tight respirator casing to re-
ceive and enclose at least part of the user’s chest but with
his head exposed to the atmosphere, means for continu-
ously creating negative pressure, a negative pressure con-
duit having one end communicating with said pressure
creating means and the other end communicating with

. the interior of the casing, an atmospheric conduit provid-
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ing communication between the interior of the casing and
the atmosphere, a valve in the atmospheric conduit
movable to open and closed positions and which, when
in open position, admits gas from the atmosphere through
the atmospheric conduit to the casing to assist the user’s
exhalation and substantially to neutralize the negative
pressure created in the casing by said pressure creating
means during each period of inhalation, electrically oper-
ated means to actuate said valve, and a pneumatically
operated switch for controlling said electrically operated
means, a tube for interconnecting the user with said first
preumatically operated switch, said tube adapted to be so
connected to the user that initial expansion of the user’s
lungs upon the initiation by the user of an inhalation cre-
ates negative pressure in said tube, a diaphragm in-said
pneumatically operated switch which is actuated by said
negative pressure to control a circuit to said electrically
operated means, whereby said valve is adapted to be
closed upon the initiation of each period of inhalation
by the user, thereby to aid the user during the remainder
of each period of inhalation, a second pneumatically op-
erated switch for controlling said electrically operated
means when said first pneumatically operated switch fails
to function for a predetermined period of time, a transfer
conduit providing communication between said second
pneumatically operated switch and the interior of the cas-
ing, a check valve in said conduit which is moved to open
position by negative pressure in the conduit and to closed
position by at least substantially atmospheric pressure in
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the ¢onduit and means for controlling the eﬁectlve size of

e transfer conduit, whereby 'the afiount of time neces: .

sary - for suﬁiment negative pressure to be ‘transmitied

through said transfer conduit to the second pneumatically
operated switch may be adjusted so that the second switch
will “not operate to. control -said ‘electrically. operated
means until . a predetermined period of time has elapsed
during which said first pneumatically operated switch
fails to control said electrically operated means.

6, ‘Apparatiis for producing artificial respiratitm com-
prlsmo a substannally air-tight resplrator casing to Te-
-ceive -and enclose at least part of the nser’s chést but with
his Fead: exposed to the atmosphere means for continu-
ously creating negative pressure, - negative pressure ‘con-
‘duit’ Having ‘ohe end ‘communicating. with said pressure
creating feans and. the - Gther end cominunicating with
the “interior ‘of the casing, -an “dtmospheric’ conduit pro-
vxdmg ‘commiunication between the interior of the casing
afid the atmosphére; a valve in the atmospheric conduit
—movable to ‘open and -closed positions and which, when
in-open position, ‘admits gas from the atmosphere through
thie atmospheric ‘conduit to the casing to -assist the user’s
éxhalationand - substan‘lally to neutralize the negative
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pressure created in-the casing by said pressure creating -

_ means ‘during ‘each period of inhalation, électrically op-
i érated mieans to actuate said valve, and a pneumatically
operated switch for controlling -said electrically operated
fneans, a4 tube- for - intérconnecting: the user with said
paeumatically operated switch, said tube adapted to be
so tonnected to the user that initial expansion of the
user’s lungs upon the initiation by the user of an inhala-
tion creates negative pressure in said tube, a diaphragm

25
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in-said pneumatically operated switch which is actuated .

by-said negative pressure to control a circiit to said elec-
- trically operated means, whereby said valve is adapted to
be closed by initiation . of- each period :of inhalation: by
the ‘wser, thereby to aid the user during the remainder
of each period of inhalation, a second pneumatically op-
-erated ‘switch for controlling said electrically operated
micans when said first pneumatically operated switch fails
to Tunction for:a predetermined period of time, a transfer
conduit -providing - communication betwéen -said ‘second
phetmatically -Operated switch -and .the interior-of: the
casing, ‘a negative pressure by-pass conduit in-said trans-
fer conduit, an atmospheric by-pass ‘conduit in-said trans-
_fer conduit, ‘a negative-pressure check valve in-said nega-
tive pressure by-pass:conduit which is moved to open
position by negative pressure in said neégative pressure
by-pass -conduit and to closed position by at least sub-
stantially -atmospheric pressure - therein, a -substantially
atmospheric pressure check valve 'in said atmospheric
- by-pass conduit which is moved to open position by at
least ‘substantially atmospheric’ pressure in -said- atmos-
- pheric by-pass conduit and to closed posmon by negative
pressure’ therein, ‘wheréby said switch is adapted to be
moved in one direction by negative pressure:created in
said négative pressure by-pass conduit and in ‘the other
direction by .at least substantially atmospheric pressure
created in said atmospheric by-pass conduit and means for
controlling the effective size ‘of the transfer: conduit.

7. Apparatus for producing artificial:respiration com-
prising’ a substantially air-tight réspirator casing to re-
ceiveand: enclose at least part of the user’s chest but with
his head exposed’ tc the atmesphere, means for continu--
ously: credting negative: pressufe, a negative pressure con-
duit-having dne end communicating with “said “pressure
creating means and the -other end -communicating with

. the interior of the casing, -an -atmospheric “conduit pro-
viding communication: between the interior “of the casing
and the atmosphere, a valve in the -atinosplieric conduit
movable 46 open -and closed positions -and- which, -when
in open pesition, admits gas from the atmicsphere throug‘l
the atmospheric conduit to the casing to-assist the user’s
exhalation -and substantzaﬂy to “neutralize the negauve
pressure_created in- the: casing by said pressure -creating

means during each period of inhalation, electrically op--
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erated ‘means to actuate said valve, and a pneumatlcally

operated switch for controlling _sald electrically “operated
‘means, .a tube for: intercornecting -the user with said

‘preumatically operated switch, said tube adapted to be

-'so.connected to-thie tser that initial.éxpansion of the user’s .

lungs upon the initiation by the user of ~an ‘inhalation

“creates negative pressure in ‘said tube, a diaphragm in-.

said pneumatically operated switch which is actuated by
‘said ‘negative pressure to control a circuit to said elec-
trlcally operated means, whereby said valve is’ adapted
to be closed upon. the initiation of each period:of inhala~
tion by the “user, ,thereby. to. aid.the user during the re-

mainder of each period of inhalation, a -second pneu- -
matically operated switch for controlling said electrically .

operated ‘méans when said first pneumatically -operated
switch fails to function-for a predetermined period of
‘time, . a transfer conduit providing ' communication “be=

" tween said pneumatically ‘operated switch and the interior -

of the casing, a negative pressure by-pass conduit in said
transfer: conduit, an atmospheric' by-pass gondmt in “said
transfer ‘conduit, a negative pressure check ‘valve- in said

negative pressure by-pass conduit which is moved to-open
-position by ‘negative pressure-in said .megative ‘pressure

by-pass’ conduit and to-closed position “by-at "least’ sub-
stantxally atmospheric “pressure *therein, -a substantlally
atmospheric pressure check valve in‘said atmosphenc by-
pass conduit which is moved to open position by-at least
substantially -atmospheric -pressure - in ‘said atmosphenc
by-pass conduit and to closed position- by neganve ‘pres-
sure therein, means for-controlling the effective size-of

the passage of the neganve -pressure by-pass, -means for

controlling the effective size. of ‘the passage of the -at-

mospheric pressure by-pass and-means for controlling the.

effective size of the transfer conduit, whereby the amount
of time necessary to build up. sufficient negative pressure
in said transfer conduit to operate ‘said second preumat:
ically operated switch and the amount of time necessary
to build up sufficient atmospheric or positive pressire to
operate said second pneumatically operated-switch may -
be controlled so. that said second pneumancally operated. -
switch controls -said -electrically - operated means “only
when said first pneumatically - operated “switch- falls to

 function for a predetermined ‘period of fime..

45
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8. Apparatus for producing artificial resplrauon com-

prising a substantially air-tight resplrator casing to receive-
and enclose -at least part of the user’s chest but with his
head exposed: to the -atmosphere,-a negative pressure con-
duit communicating- with the casing, suction means: con-
nected to the negative pres'sure conduit 'for'cfe’ating nega-
tive pressure within. the casing to assist the user’s inhala-

tion, an atmospheric pressure conduit prov1d1ng communi- -

cation:between the intérior of the casing and the atios-
phere, a -valve in the atmospheric. conduit -movable to

- open and closed positions and which, when in open posi-

55

tion, admits ‘at least atmospheric presstre to. the casing fo

assist the user’s exhalation, a first-pressure responsive con-
trol means,-a passage interconnecting-the user Wwith the
first pressure responsive contr6l meats, orie ‘end of said

passage adapted to be so-connected to the user-as tc

expose the first. pressure. responsive control to ‘negative
pressure by the initiation 6f an inhalation by. the user;

_said first-pressure ¢ontrol means: béing -operative to close -

the valve upon the initidtion of each period of inhalation

by the ‘user and to -open. the: valve upon the termination .

" of each périod of ifhalation, a sécond pressuré responsive

65

70

control-méans,- a transfér: conduit-interconinecting the at--

mospheric’ conduit with ‘the second pressure -responsive
control means, for exposing-the Second pressire Tespon-

- sive ¢ontrol meéaus to prédetermined-variations of the pres-
" sure in the atmospheric conduit, -and adjustable valves-

in the “transfer conduit for regulating the “flow of gas
existing in - said transfer condiit -at ‘said- predetermmed
variations of pressure through said transfer-conduit-at-a

‘—predetermmed rate 50 as fo expose the second ‘pressure

" responsive-control means ‘théfeto at predeteétmined frrter-

(]

vals, the rate of said predetermined intervals being slower

pt
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than the rate of the periods of initiation of inhalation and
exhalation by the user, said second pressure responsive
conirol means being responsive to said predetermined
variations of pressure in the atmospheric conduit and op-
erative to close and open the valve at predetermined
intervals upon the first pressure responsive control means
becoming inoperative because of the inability of the user
to initiate the pericd of inhalation.

9. Apparatus for producing artificial respiration com-
prising a substantially air-tight respirator casing to receive
and enclose at least part of the user’s chest but with
his head exposed to the atmosphere, a negative pressure
conduit communicating with the casing, suction means con-
nected to the negative pressure conduit for creating nega-
tive pressure within the casing to assist the user’s inhala-
tion, an atmospheric conduit having communication be-
tween the interior of the casing and the atmosphere or a
source of positive pressure, a valve in the atmospheric con-
duit movable to open and closed position and which, when
in open position, admits at least substantially atmospheric
or positive pressure to the casing to assist the user’s ex-
halation, and pressure responsive control means includ-
ing a diaphragm and a diaphragm operated switch, elec-
trical means for opening and closing the valve and a cir-
cuit electrically interconnecting the switch with said elec-
trical means, the switch when closed being operative to
close the circuit to energize said electrical means and to
open the valve, and the switch when open being opera-
tive to open the circuit to de-energize the electrical means
and to close the valve, means for pneumatically inter-
connecting the user with the diaphragm and constructed
and arranged so as to expose the diaphragm to varia-
tions of the pressure in the user’s lungs, said diaphragm
being movable in response to said variations in pressure
to open the switch upon the initiation of each period of
inhalation by the user.

10. Apparatus for producing artificial respiration com-
prising a respirator casing to receive and enclose at least
part of the user’s chest and adapted to give the user
access to the atmosphere for breathing purposes, means
for creating a negative pressure, a source of positive or
atmospheric pressure, a conduit system affording com-
munication between the interior of said casing, said means
for creating negative pressure and said source of pressure,
valve means in said conduit system adapted to be oper-
ated to alternately afford operative communication be-
tween the interior of said casing and said means for
creating negative pressure and said source of pressure,
means for controlling the operation of said valve means
through a time cycle comprising two alternating time
periods, during one of which periods said valve means is
actuated to provide operative communication between the
interior of said casing and said means for creating nega-
tive pressure to produce within said casing a negative
pressure whereby inhalation is induced in the user, and
during the other of said time periods, said valve means is
actuated to provide operative communication between
the interior of said casing and said source of pressure
to produce substantially atmospheric or positive pressure
within the interior of said casing, whereby exhalation
occurs, said control means comprising means for actuating
said valve means to initiate said negative pressure period
of said cycle in response to initiation by the user of each
inhalation and to actuate said valve means to terminate
said negative pressure period and initiate the other pres-
sure period of said cycle after termination of said in-
halation.

11. The apparatus of claim 10 including a second
means for controlling the operation of said valve means
through a cycle similar to said first mentioned cycle
when the first valve control means fails to function for
a predetermined time, said second valve control means
comprising means responsive to variations in pressure
within the interior of said casing for actuating said valve
means through said similar cycle when said first valve
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control means fails to function for a predetermined time.

12. Apparatus for producing artificial respiration com-
prising a substantially air-tight respirator casing to re-
ceive and enclose at least part of the user’s chest but
adapted to give the user access to the atmosphere for
breathing purposes, means for transmitting negative pres-
sure to the interior of said casing to induce inhalation
in the user, means for transmitting positive or atmos-
pheric pressure to the interior of said casing whereby
exhalation occurs without any effort on the part of the
user, valve means associated with said pressure transmit-
ting means and adapted to be operated to alternately pro-
vide for the transmission of said negative pressure and
said positive -or atmospheric pressure to said interior,
pneumatic means, responsive to initiation by the user of
each inhalation when said pneumatic means is operably
connected with the user, for operating said valve means
through a time cycle comprising two alternating periods,
during one of which periods said valve means is actuated
to provide for said transmission of negative pressure to
said casing, whereby completion of said inhalation is in-
duced and during the other of said periods said valve
means is actuated to provide for the transmission of said
positive or atmospheric pressure to said casing, whereby
exhalation occurs with no effort on the part of the user.

13. Apparatus for producing artificial respiration com-
prising a substantially air-tight respirator casing to re-
ceive and enclose at least part of the user’s chest but
adapted to give the user access to the atmosphere for
breathing purposes, means for transmitting negative pres-
sure to the interior of said casing to induce inhalation
in the user, means for transmitting positive or atmos-
pheric pressure to the interior of said casing whereby
exhalation occurs without effort on the part of the user,
valve means associated with said pressure transmitting
means and adapted to be operated to alternately provide
for the transmission of said negative pressure and said
positive or atmospheric pressure to said interior, first
means for controlling the operation of said valve means
through a time cycle comprising two alternating periods,
during one of which periods said valve means is actuated
to provide for the transmission of negative pressure to
the interior of said casing to induce inhalation in the
user and during the other of said periods said valve means
is actuated to provide for the transmission of positive or
atmospheric pressure to said interior, whereby exhalation
occurs, said means for controlling the operation of said
valve means including a chamber, means responsive to
pressure variations in said chamber for operating said
valve means, means, responsive to the initial expansion
of the user’s lungs upon initiation by the user of an in-
halation, for creating negative pressure in said chamber,
said valve operating means being responsive to said crea-
tion of negative pressure in said chamber to actuate said
valve means to initiate a negative pressure period of said
cycle and induce the completion of said inhalation with-
out further effort on the part of the user, second means
for automatically controlling the operation of said valve
means through a cycle similar to the first mentioned cycle
when said first valve control means fails to function for
a predetermined period of time, said second valve con-
trol means including a second chamber, means, respon-
sive to variations of pressure in said second chamber
when said first valve control means fails to function for
a predetermined period of time, for automatically operat-
ing said valve means through said similar time cycle, and
means responsive to pressure variations within the in-
terior of said casing for varying the pressure in said
second chamber to automatically and cyclically actuate
said second valve operating means through said similar
cycle when said first valve control means fails to func-
tion for a predetermined period of time, said means for
varying the pressure in said second chamber including
conduit means providing for the flow of gases into and
out of said second chamber, said last mentioned conduit
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means havmg means for restricting the operable size
thereof and hence the rate of flow of gas therethrough.
14. Apparatus for producing artificial respiration com-
prising a substantially - air-tight respirator casing to re-

ceive and enclose at least part of the user’s  chest but

adapted to give the user acecess to the atmosphere for
breathing purposes, means for transmitting negative pres-

sure to the interior- of .said casing to induce inhalation

in the user, means for transmitting positive or atmos-
pheric pressure to the interior of said casing to induce
exhalation in the user, valve means associated with said
pressure transmitting means and adapted to. be operated
to- alternately provide for the transmission of said nega-
tive pressure and said pesitive or atmospheric pressure
to said interior, means for controlling the operation of
said valve means-through a time cycle comprising two
alternating - pericds, -during one. of ‘which periods - said
valve means is-actuated to provide for the transmission
of negative pressure to the interior of said casing and
to induce inhalation in the user and during the other of
said periods said valve means is actuated to provide for
the transmission of positive or atmospheric pressure to

the interior of 'said casing whereby exhalation occurs

. ‘without any effort on the part of the user, said valve con-
trol means cnmpnsmg a chamber, means responsive to
pressure variations in said chamber for operating said
valve means, means responsive to the initiation of in-
halation by the. user for varying the pressure in said
chamber to actuate said valve operating means and said
valve means through said inhalation period whereby the

. .completion of said inhalation is induced without further

10

15

20

25

30

effort on the part of the user when said respirator casing -

is operably connected with said user and means respon-
sive to the termination of said inhalation to actuate said
valve operating means and -said valve means to initiate
said exhalation period whereby exhalation occurs with-
cut any effort on the part of the user.

15. A valve apparatus for cyclically producmg alter-
nating pressures of different magnitudes in apparatus for
treating -users comprising, delivery conduit means, means
for transmitting pressure of one magnitude to said -de-
livery conduit means, means for transmitting pressure of

a different magnitude to said delivery conduit means, valve
means associated with said pressure transmitting means
and adapted to be operated to. alternately provide for the-
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transmission of said pressure of one magnitude and said -

pressure of a different magnitude to said delivery conduit
means, pneumatic means, responsive to initiation by the
user of -each inhalation ‘when said pneumatic means is
operably connected to the user; for operating said valve
means through a time cycle comprising two alternating
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- periods, during one -of which periods said valve means is

‘actuated to provide for the transmission of said pressure
of one magnitide to said delivery conduit means and

during the othér of said pericds said valve means is ac--

tuated. to provide -for transmission of said pressure of a
_different magnitude to said: delivery conduit means, sec-
_ond pneumatic means for automatically actuating said

valve means through a cycle similar to-said first mentioned

cycle when said first pneumatic means fails to-function’

for-a predetermined-time.

16. A valve. apparatus ‘for cyclically producmg alter-
nating pressures of different magnitudes in apparatus for
treating users comprising delivery conduit means, a first
port for communication with a first source of pressure of
one magnitude, a-second port for communication with a
second scurce of pressure of a different magnitude, a con-
duit system " for affording operative communication be-

tween said first pert and said delivery conduit means and_

between said second pert-and said delivery eonduit means,

~valve means to alternately provide for-the transmission of -

a pressure.of one magnitude from said first port through
said conduit system to said delivery conduit means, where-
by inhalation is-automatically induced. in. said user-when
said . delivery. conduit - means is operably: connected: with
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the user and for the transmission of a pressure of a dif-
ferent magnitude from said second port through said con-

duit system to said delivery conduit means, whereby €x-

halation occurs with no-effort en the part of the user, pres-
sure sensitive means for dctuating said valve means, said
pressure sensitive means being remote from the flow path
'of gas flowing between said delivery conduit means and
the port from which the pressure of greater magnitude is
transmitted -while said .pressure of greater magnitude is

being transmitted to said delivéry ‘conduit means, means - .

for transmitting negative: pressure created by :initiation
of an inhzalation by the user tc said pressure. sensitive
means when said pressure sensitivé means is operatively
connected to said user, said pressure sensitive means-being
responsive to said.transmission of said negative pressure’
thereto to actuate-said valve means to provide for said
transmission of pressure of one magnitude from said first
port to said delivery conduit means to automatically in-
duce the completion of said inhalation without further
effort on the part of the.user, said pressure sensitive means
also being responsive to the completion of said inhalation
to automatically actuate said valve means to provide for
said transmission-of a pressure of a different. magnitude
from. said second port to said delivery conduit means,
whereby exhalatxon occurs with no effort on the part of
the user.

17. The apparatus of claim 16 including second pres-
sure sensitive means, responsive to variations. of pressure
in-said delivery conduit means, for automatically actuating
said valve means through a time cycle comprising two
alternating periods when- said first' pressure sensitive
means fails to fuaction for a predetermmed time,- during
one of which periods said valve means is. actuated to pro-

vide for the transmission of a pressure of one magnitude -

from said first port fo said delivery conduit means and
during the other of said periods said-valve means is ac-

tuated to. provide for the transmission of a pressure of a2 -

différent magnitude from said second port to said dehvery
conduit means.

18. Apparatus for.cyclically producmg alternating pres-
sures of different . magnitudes in apparatus for treating
users comprising ‘delivery conduit means, a first port for
communication with a first source of pressure of one mag-
nitude,-a second -port for communication with a second
source Of pressure of a differéent magnitude, a conduit
system affording operative .communication ‘between said
first port and ‘said delivery: conduit means and between

said second port and said delivery conduit means, valve. -

means to alternately provide for the transmission of pres-
sure of one magnitude from said first port through said
condnit system to said delivery conduit means, whereby
inhalation. is induced in the user-when he is operably con-

nected, with' said. delivery conduit” means, and for the
transmission of pressure of a different magnitude from -

said second port through said conduit system to said .de-
livery condnit meéans, whereby exhalation occurs ‘without

- effort- on the part of the user, a control chamber rémote
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from the flow: path of- gas flowing between. said delivery

conduit means and: the port from which the pressure of -

greater -magnitude is transmitted -to said delivery conduit
means_ while said pressure of greater magnitude is being:

transmitied to sajd delivery conduit means, means respon-

sive-to-pressure: variations in said chamber ‘for operating
said ‘valve means, means for transmitting negative pres-
sure created: by an initiation  of inhalation by the user.to

said chamber-when said chamber is operatively connected-

to the -user, said valve operating means being responsive:
to-said transmission of negative pressure to-said chamber

to actuate said valve means t¢ provide: for said transmis- -

sicn.of pressure of one magmtude fromm said first port tor

said delivery conduit means 10 ‘thereby automatically-in- '
duce the completion of said mhalatlon wlthqut_further
effort-on the Part-of the user when said delivery conduit

means-is-operably connected with said user.

19. Apparatus for cyclically pr oducmg alternatmo pres—‘ -

L
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sures of different magnitudes in apparatus for treating
users comprising delivery conduit means, means for trams-
mitting pressure of one magnitude to said delivery con-
duit means, means for transmitting pressure of a different
magnitude to said delivery conduit means, valve means
associated with said pressure transmitting means and
adapted to be operated to alternately provide for the
transmission of said pressure of one magnitude and said
pressure of a different magnitude to said delivery conduit
means, a chamber, means responsive to pressure varia-
tions in said chamber for operating said valve means,
means responsive to the injtiation of an inhalation by the
user to vary the pressure in said chamber when said
chamber is operably connected to the user, said valve
operating means being responsive fo said variation in
pressure in said chamber caused by said initiation of
inhalation by the user to actuate said valve means to
provide for the transmission of said pressure of one
magnitude to said delivery conduit means whereby the
completion of said inhalation is automatically induced
without further effort on the part of the user, and means
responsive to termination of said inhalation for thereafter
automatically actuating said valve means to provide for
the transmission of said pressure of a different magnitude
1o said delivery conduit means, whereby exhalation occurs
without effort on the part of the user and means for
automatically operating said valve means through a time
cycle comprising two alternating periods when a pre-
determined time has elapsed without the initiation of an
inhalation by the user, during one of such periods such
valve means is actuated to provide for the transmission
of said pressure of one magnitude to said delivery con-
duit means and during the other of said periods said valve
means is actuated to provide for the transmission of said
pressure of a different magnitude to said delivery conduit
means, said last mentioned means for automatically oper-
ating said valve means comprising a second control cham-
ber, means for actuating said valve means through said
last mentioned cycle in response to pressure variations in
said second chamber, means for varying the pressure in
said second chamber in response to pressure variations
in said delivery conduit means, said last mentioned means
jncluding transfer conduit means for permitting the flow
of gas into and out of said second chamber said transfer
conduit means having means for restricting
size thereof and hence the rate of flow therethrough to
a rate which is substantially less than the rate of flow
through said valve means.
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20. A valve apparatus for cyclically producing alternat-
ing negative and positive or atmospheric pressures in ap-
paratus for ireating users comprising, delivery conduit
means, a source of positive or atmospheric pressure, a
source of negative pressure less than the pressure of the sur-
rounding atmosphere, 2 conduit system affording commu-
nication between said negative and positive or atmospheric
sources of pressure and said delivery conduit means,
valve means in said conduit system to alternately afford
operative communication between said delivery conduit
means and said positive or atmospheric pressure source
and between said delivery conduit means and said nega-
tive pressure source, whereby said pressures are alter-
nately delivered to said delivery conduit means, pneu-
matic means responsive to initiation of each inhalation
by the user for operating said valve means without fur-
ther effort on the part of the user through a time cycle
comprising two alternating periods, during one of which
periods said valve means is actuated to provide operative
communication between said delivery conduit means and
said source of positive or atmospheric pressure and dur-
ing the other «of said periods said valve means is actu-
ated to provide operative communication between said
delivery conduit means and said source of negative pres-
sure.

21. The apparatus of claim 20 including second pneu-
matic means for automatically actnating said valve means
through a cycle similar to said first mentioned cycle when
said dirst pneumatic means fails to function for a pre-
determined time.

22. The apparatus of claim 14 wherein said means
for actuating said valve means to terminate said inhala-
tion period and initiate said exhalation period comprises
transfer conduit means for communicating between said
chamber and a source of gas, said transfer conduit means
having means for restricting the operable size thereof
and hence the rate of gas flow therethrough.

23. The apparatus of claim 14 wherein said means for
actuating said valve means to terminate said inhalation
period and initiate said exhalation period is responsive to
the resistance of the user’s lungs to flow of gas thereinto.
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