| Sept.16,1947. ccrausch 2427419
. o -{t-~:; ;ﬁREsUSGITATIntABPARATUs~ S R
| Filed June 30, 1945 3 Sheets-Sheet 1

i P, w ol i SRR B
- )
|
L%

TEL RN 1o B

INVE N-l-tl RZ " )

-----

S e




C. C. RAUSCH
RESUSCITATING APPARATUS

Sept. 16, 1947,

| Filed June'so,{1945'.

[[. 1 AT

R7/EY 86

| &0 o dgo/ B T
éo ST
- YLe

2427419

3 Sheets-Sheet 2

z6

- rigs ol

gi_

s
.

/ i / - |
T 1 90 —_ |
| / #
ﬂ 4 10
i f
' A3 wed A v L
P _." ?'Q’ f% 22 po. |
' = X R 7
M ez N 2 % ~\‘\\ _iz
‘ég;r; §E§E&f‘§hk
\\\‘ﬁ& é |l
W 27 \\\\ &\\ s
‘nmmunmsusqt‘ /zny ﬁ?&.

/&’Z

el

-!‘\,\\\\t\\\\

—z2/

‘EAﬁB'_

@HIIW

/8 ‘7

ﬂmmﬂpf

\.‘“ f

5z

TNvENToOR=

M@M B

iﬂxﬂu Gia4;=4CB~a:;‘ :







Patented Sept. 16, 1947

UNITED STATES

2.427.419

PATENT OFFICE

- 2,427, 419
RE SUS CITATING APPARATUS
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(Cl 128—29)

 This invention relates to resuscitating appara-

tus for producing artificial respiration in, or as-
sisting in the natural but labored respiration of,
persons suffering from asphyxiation, drownmg or
the like.

- Apparatus of this type have heretofore been
designed, having for their purpose. to force a gas,
commonly air and/or oxygen, into a patient’s
lungs and to exhaust the spent gas therefrom by
suction. These prior apparatus have, however,

been rejected by the medical profession because

their use involved an element of risk to the pa-
tient’s welfare.
sures to which human lungs are subjected dur-
ing natural breathing are extremely low, their
maximum being, for grown persons, in the
neighborhood of 420 millimeters of mer cury col-
umn on inhalation of fresh air and —10 milli-
meters of mercury column on exhalation of the
spent air. Insubstantially greater pressures,
whether positive or negative, are harmiul to hu-
man lungs, and pressures of 80 and —40 milli-
meters of mercury column may so damage the
lungs as to prove fatal to the patient. While
best results in the resuscitation of a person are
obtained when the lungs are subjected to the
same pressures as during natural respiration, this
is not readily accomplished with the prior ap-
paratus because even a slight deviation fromy
their prescribed manual operation for a cerfain
type of patient entails disproportionately large
variations in pressures.
fact that these prior apparatus are a definite

menace in the hands of non-skilled persons who

in an emergency may be called upon to operate
them and through ignorance or well-meant, but
excessive, zeal badly harm or even kill the pa-

tient. The failure of the prior apparatus to safe-

- guard the patient from harm in consequence of
~ their being improperly operated is due to the
inadequacy of their valve mechanisms which,
though designed with a view toward Keeping the
pressures within safe limits under all operating

conditions, fail to accomplish this. |
It is the pnmary aim and object of the present

invention to providein a resuscitating apparatus
2 valve mechanism which automatically and
‘without fail, and regardless of whether the ap-
paratus is operated properly or improperly, con-
trols the pressures well within safe 1imits so that

The positive and negative pres~

There also remains the

10

15

2 N
pressures well within safe limits, is nevertheless

unresponsive to small, harmless pressure fluctua-
tions so as to preserve the volume of gas for de-

livery to the lungs.

The foregoing and other ob;lects of the inven-

"tmn together with means whereby the latter may

be carried into effect will best be understood from
the following description of an illustrative em-
bodiment shown in the accompanying drawings,

in which:
Pig.lis a dmgramma,tlc view of a resusmtatmg :

“apparatus;

- Tig. 2 is g front elevation of a resusmtatmg ap-
paratus embodying the present invention;
Fig. 3 is a side elevation of the apparatus,

broken away in part;

20

25

Fig. 4 is a section taken on the 11r1e 4—4 of
Fig. 2 and showing most of the apparatus in plan-
View; |
Fig. b is a seclion through the apparatus teken
on the line 5—5 of Fig. 4; |

Tig. 6 is a section taken on the line §—6 of
Figs. 4 or b;

Fig. 7 is a section threugh the apparatus, taken

mainly along the line T—T of Fig. 8;
PFig. 8 is a sectmn taken on the line §—8 of

- Pig. T;

30
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Fig. 9 is g, fragmentary section through a medl-_
fied part of the apparatus.

Reference is first had to Fig. 1 for a general
understanding of the resuscitating apparatus and
its operation. The apparatus comprises juxta-
posed pressure and suction cylinders 20 and 21 in
which are mounted reciprocatory pistons 22 and
23, respectively, having rods 24 and 29, respect-
jively, which are connected at their outer ends by
o, handle 26 for unitary reciprocation of said pis-
tons 22 and 23. As will appear more fully in the
course of the description, the stroke of these pis-
tons may be varied to-regulate the volume of gas

~ to be forced into, and exhausted from, a patient’s

45

50

no harm may ever come to human Iungs from .

this source. |

It is also among the obJects of the present
invention to so devise the valve mechanism that

the same, though being unfailingly responsive to

55

Iungs, this regulation being in accordance with
the estimated capacity of the lungs determined by
the size of the patlent The pressure cylinder 20
is provided at its lower end with an inlet 27 and
an outlet 28 with which communicate conduits
29 and 30, respectively. The lower end of the
suction cylinder 2{ is likewise provided with an
inlet 31 and an outlet 32 with which communi-

cate conduits 33 and 34, respectively. The con-

duit 29 is adapted to conduct air or oxygen, or a

mixture thereof, to the pressure cylinder 20 dur-
ing an outward or suction stroke of the plsten.
22, there being provided at one end of the conduit
29 g m1x1r1g va,lve 39 Wlth Wthh commumcates 2
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screened atmospheric air inlet 36 and 'an oxXyge
tank 87, the valve 35 being adjustable to- adrmt

into the conduit 28 either gas alone, or any de-

sired mixture thereof.
inlet valve 32 which will open during each suc-
tion stroke of the piston 22 to admit the gas to
the cylinder 28, and which will be. closed at all
other times. On each compression stroke of the

" piston 22, the gas charge in the pressure cylinder

20 is compressed and, when so compressed, opens
a discharge valve 38 in the conduit 38 which re-

mains closed during each suction stroke of said

pistch 22. The compressed gas then Dpasses
through an inhalation tube £9 to a mask #4¢
which may be of any desired design and fits over
the patient’s face. Provided in a branch 42 of
the conduit 89 is a pressure relief valve 43 of

In the conduit 28 is an

- or floor.

. 4

tus comprises a base 52 and a head 53 between
which the cylinders 28 and 21 are mounted. The
base 52 has secured thereto a stirrup 54 for re-
ceiving a foot of the operator when the appa-
ratus is operated while standing on the ground
The base £2 is provided with two annu-

lar recesses §8 (Fig. 5) for receiving .the lower

10

15

ends of the cylinders 29 ‘and 2{f which are pref-

- erably turned inwardly to form annular flanges

80. Placed in the lower ends of the cylinders

- are disk-like clamp members 62 which rest on
‘gaskets 6i that are superposed on the annular
fianges 8¢ of the cylinders,

| The clamp members
82 are firmly drawn against the gaskets 61, and
rigidly secure the cylinders to the base 92, by

- means of bolts §3 which pass through the base

such design that it will remain closed within a

range of safe pressures in the cylinder 20, and
will open under a pressure Whmh mlght be harm—-
ful to the patient. -

At the start of an Gpemtmn of the ap.paratus

i. e., when the pistons 22 and 23 are 1n1t1a11y_'
moved outwardly after placing the mask %1 over
a patient’s face, a quantity of gas is drawn into

the pressure cylinder 28 and a partial vacuum

90
- bers &4 are provided with central hubs 66 which
‘project through the head 82 and provide guide
- bearings for the piston rods 24 and 25. The up-
- per ends of the cylinders 28 and 2{ are turned
outwardly to provide flanges 87 on which the

o
ol |

members.

92 and are threadedly received by said clamp
Fitted into the upper end of each cyl-

- inder is a closure member 84 which is secured

or negative pressure is.produced in the suction

cylinder 2. The partial vacuum thus produced
in the suction cylinder Zi is sufiicient to open
an inlet valve £5 in the conduit 33 and thereby
establish communication, through an exhalation

tube 46, between the cylinder 2{ and the mask

20

41 for the purpose of exhausting the. patient’s
lungs of any gas therein. The gas thus drawn

- into the cylinder 21 is forced from the latter and
through the conduit 34 on the next inward stroke
of said piston 23. The end of the conduit 34 is
preferably enlarged to form a receptacle 47 for
a discharge valve 48 which is closed during each
suction stroke of the piston 23 to prevent the
~ admission of atmospheric air into the cylinder
2{, and which is opened by the pressure produced
on each inward stroke of the piston 23 to permit
the exhaust of the waste gas from the cylinder
21. A conduit 49, which branches from the con-

4()

auit 33, contams a suction relief valve 92 and

terminates in a screened atmospheric gir inlet
5E

33 does not exceed a tolerable maximum during

When the apparatus is properly functioning,
i. e., when the negative pressure in the conduit

50

any suction stroke of the piston 23, the relief

- valve 98 will remain closed to prevent the passage
of atmospheric air into the conduit 33. How-
ever, should the negative pressure in said con-

duit 33, during any part of a suction stroke of 55

the piston 23, exceed the tolerable maximum, the
relief valve 22 will immediately be lifted from its
seat and atmospheric air admitted into the con-
duit 33 to reduce the negative pressure therein
below the tolerable maximum. Either one of the
relief valves 43 or 50 will open automatically and
perform its intended function in consequence
of a change in the condition of the patient’s lungs

or In consequence of improper operatmn of the

apparatus by the operator. -

Through numerous eXperlmen‘ts conducted
with the present apparatus in an endeavor to
find the positive and negative pressures best
sulted to simulated natural respiration, it hag

been found that positive pressures in the inhala-

tion tube 40 should not exceed 20 millimeters of
mercury column, while the negative pressures in
the exhalation tube 46 should not exceed 10 mll-
~ limeters of mercury column,

Referring now to Figs. 2, 3 and 5, the appa-

60
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to the head &3 by screws 68, The closure mem-

head 93 rests. The flanges 67 are drawn into
firm engagement with the head 53 by means of
screws 69 and nuts 78, the latter also forcing
gaskets Ti against said flanges &7 to seal off the
upper ends of the cylinders. The pistons 22 and
23 are of identical construction, each including
packing disks 72 which are saltably clamped to
the pistons. The outer ends of the piston rods
28 and Z5 are secured to the common operating
handle 2§ p?efera,bly in the manner shown at
13 in Fig. 5. | -

Prior to using the app&r&tus on a partlcula?'
patient, the volume of gas to be pumped to, and
exhausted from, the lungs is first determined by
the patient’s size and estimated lung capacity.
To this end, means are provided to regulate the
stroke of tbe pistons in accordance with the es-~
timated lung capacity of the patient. These

‘Imeans comprise a dial plate 80 (Figs. 4 and 5),
secured by screws 81 to the top of the head 53.

The dial plate 88 is provided with graduations 82
with which are associated suitable indicia denot-
ing the volumes and the number of strokes per
minute of the pistons for different types of pa-
tients. The indicia may be impressed or inscribed

on the dial plate 8@, and may be grouped in ac-
cordance with the foliowing table:

12

Volume in | Strokes per

cC. minute
Imfant__ . ..o 75
Averageehild . __ ____ ... 350 gg
Averageyouth. _.________________ .. __.___ 500 18
Averageadult_______ .. 700 15
Largeadalt. L o 1, 000

@

'An additional graduation 82 is preferably pro-
vided on the dial plate 80 to designate a “lock”
position in which the pistons 22 and 23, are

~ locked in their cylinders in a manner explained

hereinaiter. Rotatable in an annular recess 85
in the head %3 and retained therein by the dial
plate 83, is an index disk 88 (Fig. 5) through

‘which the piston rod 24 extends centrally there-
~of. The index disk 88 carries a pointer 87 which

moves past the graduations 82 when said index
disk 1s turned. The index disk 83 further car-
ries a spring-pressed latch 8$8 which is adapted
to register with any one of several apertures 8%
in the piston rod 24 on each suction stroke of the

76 pistons 22 and 23 to limit the stroke to a prede-



. - 5
termined length. There are as many apertures
89 in the piston rod 24 as there are graduations
82 on the dial plate 88, and these apertures 83

are spaced longitudinally of, and arranged spi-

rally about, the piston rod 24, In Fig. 5, the latch
88 is shown in registry with the aperture §9 which
corresponds to the setting of the index disk 86
for an “Average adult” (Fig. 4). With the index

disk 86 thus set, the latch 88 snaps, on the out-
ward or suction stroke of the pistons, into the

aperture 89’ to prevent further outward move-
ment of said pistons beyond the cylinder volume
for an average adult, i. e., 700 cc. On turning the

2,427,419
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index disk 86 so that the pointer 81 thereof

aligns with the “Lock” graduation 82, the latch
88 will, on the inward stroke of the pistons, regis-
ter with the aperture 89 (not shown) which Is

nearest the handle 26, and lock the pistons in.

their innermost position. Preferably, the pis-
tons 22 and 23 are thus locked in their respective
cylinders when the apparatus is not in use. To
ready the apparatus for use, the piston rod 24 is
released from the latch 88 by withdrawing the
latter from the aperture 89 in the former, and
the index disk 86 is turned so as to align the
pointer 87 with the graduation 82 which is most
appropriate for the particular patient on which
the apparatus is to be used. Only one other aper-
ture 89’ is shown in the piston rod 24 in Fig. 9,
the same being longitudinally spaced and angu-
larly displaced from the nearest aperture 89
thereabove. On turning the index disk 86 ta
bring the latch 88 into longitudinal alignment
with the aperture 89, for instance, this being
the aperture for the longest stroke in the opera-
tion of the apparatus, the pointer 87 on the index
disk will be opposite the graduation 82 for large
adults (Fig. 4) on the dial plate 80. The re-
maining apertures 83 (not shown) in the piston
rod 24 are similarly longitudinally spaced and
angularly displaced from each other and from
the apertures 89 shown in Fig. 5, so that no two
apertures 89 are longitudinally aligned and they

are all so coordinated that, on alignment of the

latch 88 with either one of these apertures 89,
the pointer 87 is adjacent the proper graduation
82 on the dial plate 80. The forward end of the
1atch 88 is bevelled as at 80 (Fig. 5) so that the
<ame will never interfere with the inward strokes
of the piston 23, but will stop the latter on Its
outward strokes on registering with any one of
the apertures 89. To prevent accidental turning
of the index disk 85 in any one of its set positions,
the same carries a spring-urged ball 81 which is
adapted to spring into suitable depressions 92 in
the head 53 and vieldingly lock the index disk In
these positions.. | S
- Provided in the base 52 are suitable passages
which connect the pressure cylinder 20 with 2
‘nipple 99 and the previcusly mentioned air inlet
86 (fMgs. 3 and 6), as well as with valve cham-
bers 96 in the base 52 (Fig. 8). More particular-
1y, the clamp member 62’ in the pressure cylinder
20 is provided with a passage 971 (Fig. 5) which
provides communication between the interior of
said cylinder 20 and an annular chamber 98 In
the base 52. The nipple 95, which is threaded
into the base 52 (Fig. 6) and connected through
o suitable hose connection (not shown) with the
oxygen bottle 37 (Fig. 1), communicates with the
chamber 98 through passages 99 to 101, inclusive

15

20

. _ 6 _

passages 108, 109 and 110 in the base 52 (Figs. T
and 8) and through the passage 97 in the clamp
membper 62’ (Fig. 5). The base 82 is provided

‘with further passages which connect the suction

cylinder 21 with an inlet duct fif (Fig. 8) and
with the valve receptacle 41 (Fig. o) previously

“mentioned in connection with Fig. 1. More par-

ticularly, the inlet duct i communicates with
the suction cylinder 21 through passages |12 and
{13, valve chambers {4, and passages 115 and
16 in the base 52 (Figs. 8 and 7), and through a

passage {7 in the clamp member 62’ in said

cylinder 24 (Fig. 5), while the valve receptacle
4T communicates with the cylinder 2! through
passages 118 and 119 in the base 82 and through
the passage 1IT in the clamp member 8277
(Fig. 5. | | |
The mixing valve 35, previcusly mentioned in
connection with Fig. 1, is contained within the
base 52 (Figs. 6 and 7) in a position therein {o
control the flow to the pressure cylinder 20 of
air from the inlet 36 and of oxygen or another

 suitable gas from the nipple %5. The mixing

25

valve ‘85 is in the form of a plug 120, rotatable
in a bore {21 in the base 52 and provided with &
peripheral port 122 (Fig. 6) which is so arranged
with respect to the passages 100 and 181 that,

~as the plug is rotated to reduce the size of either
~ one of these passages, the other passage is pro-

30

35

~ this respect.

40

portionately increased, or if the plug is rotated to

completely shut off either one of these passages

the other passage is completely open. However,

in no event may both of the passages {00 and

101 be closed at the same time by the plug 120,
there being suitable stop means provided (not
shown) which limit the rotation of the plug in
The valve plug 120 is provided on
the outside of the base 52 with a handle 124 (Fig.
7) and with a graduated dial 125 (Fig, 3) which
is associated with a pointer 126 and by means of
which the proper volume of air or mixture of

air and oxygen may be regulated. A spring-

pressed ball 12T (Fig. 7) in the base 32 is en-

- gageable with recesses 128 in the rear face of the

50

55

60

5 dial 125 yieldingly to lock the latter in its set

positions. Depending on the setting of the valve
plug 120, air or oxygen, or a mixture thereof,
passes, during a suction stroke of the pistons,
through the port 122 (Fig. 6) into the passage
{02 and opens an inlet valve 129 in the passage
{83, whereupon the gas may enter the lower end

of the pressure cylinder 20 through the passages

(04, 105, 106, 187 and 971 (Figs. o and 6). ‘The
inlet valve 129 is in the present instance in the
form of a ball which normally rests on a conical
seat 130 in an insert (3! in the passage 103, and

is limited in its lift by a stop 132 on a screw plug
133. This valve serves to prevent air or gas be-
ing forced back into the passage (89 on the down

stroke of the suction piston 20. - .
~The valve chambers 86 in the base 52 (Fig.

8) communicate with a nipple 185 through pas-

sages 136, 137 ang 138 in a casing 139 which is

~secured to the top of the base 52 by bolts (48,

6o

~ halation tube 48 (Fig. 1).

0 |
tons, the gas previously drawn into the pressure

(Figs. 6, 7 and 5), while the air inlet 36 is in per-

manent communication with the passage 10
(Fig. 6). The valve chambers 96 (Fig. 8) com-

‘municate with the pressure cylinder 20 through

(5

there being a gasket {41 interposed between said
casing 139 and base 52. The nipple 138, which
is screw~threaded into the passage 138, commu-
nicates with the face mask 41 through the in-

- On the inward or compression stroke of the pis-~

cylinder 20 is forced from the same through the
passages 97 (Fig. 5), 1{0, 189 and 108 (Figs. 7
and 8), and opens inlet valves {45 in the valve
chambers 98, whereupon the gas passes to the
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face mask 41 through the passages 136, 13T and
138, thence through the nipple 135 and the in-

~ halation tube 4C. The inlet valves 145 are in

the present instance in the form of balls (Fig. 8)
which normally rest on conical seats [£6 pro-
vided by inserts {47 in the valve chambers 96.

The 1ift of these valves 1495 is 11m1ted by the ends-

148 of a spring clip 149.

Also secured to the t(}p of the base 52 by bolts
150 is another casing (51 (Fig. 8), having a pas-

sage 152 which provides c_ommunicati_on between
the inlet duct 1{1 in the base §2 and a nipple 153
face mask 4&i

which communicates with the
- through the exhalation tube 46 (Fig. 1). A gas-
- ket 134 is interposed between the casmg {51 and
- base 52. Air or any other gaseous content of
the patient’s lungs is, on each outward or suc-

tion stroke of the pistons, drawn through the

face mask 41 and exhalation tube 46 (Fig. 1) to

the nipple 133 (Fig. 8), thence through the pas-
sages 152, 111, 112 and 113 and, after opening
inlet valves l55 in the valve chambers {14, through
the passages i85,
- to the interior.-crf the suction cylmder 21,
inlet valves {3b are in the present instance in
the form of balls which normally rest on conical
seats 156 provided by inserts (57 in the va,lve
‘chambers (14,

On the 1nw&rd' stroke of the plstons air or

any other gaseous content of the patient’s lungs,
previously drawn into the suction cylinder 21, is
forced from the latter through the passages -I (1,
1{8 and 118, and opens the outlet valve 158 to
escape into the atmosphere.
- {58 is preferably ball-shaped and is restricted in
its lift by a pin 159,
Provisions are made to prevent in the cylinders

20 and 2! the creation of excessive positive and
negative pressures, respectively, which might be

44

harmful to the patient. To this end, positive and
negative pressure relief valve units 160 and (6
(Fligs. 2 and 8) are provided on the casings (39
and 151,
pmmdes a valve chamber 162 and an auxiliary
cylinder 163, the former being formed by 2 sleeve
{64 in the casing 139 and the latter by a cylindri-
cal liner 165 in a tubular member 166 which is
screwed with its bottom end into the casing 133.
Interposed: between, and separating, the valve

chamber 162 and auxiliary cylinder 163 is a plug &

[67 which serves as a guide for the stem 168 of a
relief valve {69 the face (T3 of which normally
rests on a seat {11, provided by an insert 172 in
the valve chamber 162. The valve chamber (62
is vented through an opening {(73.
end of the tubular member (66 threadedly re-
ceives a cap 174 by means of which the liner §65,

{16 and {17 (Figs. 8, '7 and 5)
The

The outlet valve

The upper

'8

Should, during any part of an inward or com-

pression stroke of the plstons 22 and 23, the

- pressure of the gas in the passages 136, 131 and

10

- tween,

15

“safe’ limit.

{28, with which the inhalation tube 49 communi-
cates through the nipple 138, exceed what is con-
sidered a “safe’” pressure limit of 20 mm. of mer-

cury column, for instance, the excessive pressure

acits on the fa,ce i70 of the relief valve 169 and

also on the plunger (76 in the cylinder 163 and

lifts said valve to provide communication be-
the passage 136 and the vented valve
chamber 162 until the pressure drops to the
While the pressure in the passages
136, 137 and (38 will soon drop when the relief
valve 189 opens, due to the relatively large escape
areg between the valve seat |1l and the open
valve 189, the exXcessively compressed gas in the
cylinder 183 does not as quickly escape through

the relatively narrow passage 182, 183 in the valve

20

stem (€8, wherefore the cylinder 163 acts also as
a dash pot for the relief valve 169 on its closure.

- The dash pot effect upon the relief valve 169 may

25

even be enhanced and regulated by restricting the
cross~sectional area of the recess 182 In the valve
stem 168 in advance of the transverse passage
183 therein by means of an adjustable needle

- _Valve 185,

30

'chamber 180 and an auxiliary cylinder 191,

The relief valve u:mt 161 comprlses a Valve

the
former being formed by a sleeve 192 in the casing

- 151 and the latter by a cylindrical liner 193 in a

35

tubular member (84 which is screwed with its
bottom end into the casing 18(. Interposed be-
tween, and separating, the valve chamber 190 and
cylinder 191 is a plug 185 which serves as g guide

- for the stem 188 of a relief valve 187, the face

respectively. The relief valve unit iGD

45

plug {67, sleeve 164 and insert {12 are retained -

in end-to-end engagement and firmly secured to
the casing 139, A gasket 17§ is preferably inter-
posed between the liner {6d and cap (14, Slid-
able in the cylinder 163 is a plunger {16 which is

retained by g nut 177 on an annular shoulder 718

of the valve stem {68 and, hence, is movable with
- the valve (69. Interposed between the plunger

60

{98 of which normally rests on a seat 199, pro-
vided by an insert 268 in the valve chamber 130.
Threaded over the top end of the tubular mem-
ber {94 is a cap 281 which retains the liner 193,
piug 199, sleeve 182 and insert 200 in end-to-end
engagement and firmly secures them to the cas-
ing 151, A gasket 202 is preferably interposed
between the liner t93 and cep 201, Slidable in

the cylinder 191 is a plunger 283 which is retained

by a nut 204 on an annular shoulder 205 of the
valve stem 196 and, hence, is movable together
with the relief valve 197. Interposed between the

plunger 283 and a plug 2886 in the cylinder 191 is g,

pre-loaded compression spring 287 which yield-
ingly urges the valve i§7 against its seat 189,

The plug 206 is slidable in the cylinder 191 and

is adjustable therein by a set screw 288 to regulate
the compression of the spring 207. The valve
chamber 190 communicates through g passage 209

~with the passage 152 which, as previously ex-

plained, forms a part of the communication be-
tween the face mask 41 and the intake side of the
suction cylinder 2{. The face {08 of the seated

‘relief valve I87 is vented through g passage 210

- and an air inlet 21{ which is preferably screened

65

1716 and a plug I79 in the cylinder 163 is a pre~

loaded compression spring 180 which yieldingly
urges the valve 199 against its seat 1Ti. The

plug 119 is slidable in the cylinder 163, and the

compression of the spring 188 may be regulated
by a set screw 181 in the cap 174. The valve stem
168 is centrally recessed as at 182 and has a trans-
verse passage {83 to provide communication be-~

- tween the passage 136 and the Iower side of the
-cylmder 163,

mospheric impurities.
provided with a central recesg 2!3 and spaced

at 212 to prevent the entry of dust and other at-
The valve stem 196 is

transverse passages 214 and 25 which provide
communication between the valve chamber 190
and the upper part of the cylinder (81.

- Should, during any part of an cutward or suc-
tion stroke of the pistons 22 and 23, the negative
pressure in the passage 1§2, which communicates
with the exhalation tube 486 through the nipple
133, exceed what is considered a “safe” negative
pressure of 10 mm. of mercury column, for in-

~ stance, the excessive negative pressure acts on

75

the.rehef valve |97 as well as on the plunger 203
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and lifts said relief Valve from its seat, thereby

‘esta,bhshmg communication between the vent
‘passage 210 and the commumcatmn line between

~the face mask 41 and the intake side of the suc-
tion cylinder 21 until the negative pressure in

‘said communication line drops to the safe limit.
While the negative pressure or partial vacuum
in the passage 152 will soon be reduced when the
relief valve 197 opens, due to the relatively large

area between the valve seat 199 and the open

.valve 191 through which atmospheric air may
enter, atmospheric air will not as duickly pass

10 .

into the cylinder {181 through the relatively nar-

row passage 213, 214, 215 in the valve stem (96
and reduce the negative pressure in the cylinder
- 191, wherefore the latter acts also as a dash pot
for the relief valve 197 on its closure. The dash
pot effect upon the relief valve 19T may even be

enhanced and regulated by restricting the cross-
.90
20 lungs, wherefore the apparatus is safe even in the

‘sectional area of the recess 213 in the valve stem
196 in advance of the transverse passage 215

-period of use.

10

,become seated lightly and quietly, thus causing

hardly any wear to the relief valve over a long
The explained cushioned per-
formance of the relief valve 169 is also inducive

to gradual, rather than abrupt, changes in the

pressure in the inhalation line at those times

when said valve performs, thus making for an
“even flow of gas to the patient’s Iungs under all

circumstances.

lee advantages are secured by providing the
auxiliary cylinder 10{ and the plunger 203 in
the negative pressure relief valve unit 161. Actual

tests have shown that the relief valve 197 opens.
_unfmlmgly at a maximum negative pressure in

15 the - exhalatlon line of a,pprox:lma,tely 10 mm. of

mercury column, and that the negative pressure

_in this line hardly increases beyond this maxi-
‘mum even when the piston 23 is stroked with un-

therein by mea,ns of an adjustable needle valve --

211.

exposes to the pressures in the inhalation’ line
of the apparatus a con31derably larger area than
‘the relief valve 169, with the result that the lat-
ter is as sensitive to gas pressure as a much larger
valve, yet, when open does not permit the escape
of nearly as much gas as the larger valve. Hence,

the provision of the plunger (1§ in the auxiliary

cylinder 163 not only renders the relief valve {69

far more sensmwe to gas-pressure than its actual
size would permit,
of said relief valve in such small dimensions that
the amount of gas delivered to a patient’s lungs
is still adequate even when the relief valve is

open in consequence of improper operation of the -

" The plunger (3§ in the aumh&ry cylmder I63'

-reasonable vigor.

_hands of an unskilled operator. _
relief valve 197 between its closed and open posi-

A negatwe pressure of 10 mm..
of mercury column is quite harmless - t0 human

Surging of the

| ___tlons in consequence of harmless momentary flue-

25
pressure bulld -up in the auxiliary cylinder 191

30 ‘the explained dash pot effect of the latter upon

‘the relief valve 197 on its closure,. render the
performance of the latter valve as cushioned as
that of the positive relief valve 169, with the re-

35 ?,_sult that the relief valve 191 is hardly worn over

but -also permits the design -

apparatus. Actual tests have shown that the

‘relief valve 169 opens unfailingly at a maximum
pressure in the inhalation line of the apparatus

of approximately 20 mm, of mercury column and
- that the pressure in “said line hardly increases

beyond this maximum even when the piston 22 is
stroked with unreasonable vigor. This maxXimum

pressure at which the relief valve 169 opens and

which is hardly exceeded in the inhalation line

under - any circumstances, is quite harmless to

40

tuatlons of the negamve pressure in the exhala-
tion- line is avmded due to the delayed negatlve .

through the restrlcted passage 2§23, 214, 215 in
‘Lhe valve stem 196. The delayed negative pres-
sure build-up in the auxiliary cylinder 151, and

o, long period of use and the flow of the spent
&11' or liquid from the patient’s lungs is fairly

“even under all circumstances.

While the relief valves {69 and (97 are com-

paratively small in size and accordingly light in-
weight, their weight is supplemented by that of

- their respective plungers {16 and 203. This in-
crease in the weight of the relief valves is advan-
- tageous inasmuch as a heavier, spring-closed

49

‘human lungs, wherefore the apparatus may safely - |

be used by an unskilled operator, if an emergency
The small dimensions of the re-~

demands this.

lief valve 169 also make for a condensed COn.-

- more, the restricted passage 82,

in the auxiliary cylinder. 163 sufficiently so that

60

valve will, when subjected to excess pressure, not
suddenly surge wide open and fluctuate, but will
cpen more eradually and be more steady when
open, than a lighter valve. -

- Part of the force required to open elther relief

valve 169 or 197 may be supplied by a compres-

sion spring which acts counter to the spring that
holds the valve closed. 'Thus, a compression

 spring 225 is shown in Fig. 9 which is interposed
struction of the relief valve mechanism. Further- pring S o

32, 183 through
the valve stem 168 delays the pressure build-up.

harmless and often unavocidable momentary fluc-

tuations of pressure near the maximum in the in-

halation line do not force the relief valve: 169
open, thus avoiding any surging of the relief valve

between its closed and open positions. The ex-

plained delay in the pressure build-up in the

- guxiliary cylinder {63 has the effect that even
. -on a very rapid increase of the pressure in the
~inhalation line to and beyond the maximum the

‘area of the relief plunger 176 exposed to the pres-

sure-is only gradually subjected to the increasing

pressure, with the result that the relief valve 18§

is gradually lifted from its seat to an extent sole-

ly determined by the pressure on one side of the

valve and the c&mpresswn of the spring 180 on
" the other side of the valve. On the cther hand,

-the explained dash-pot effect of the auxiliary =
cylinder 163 upon the relief valve 188 on its
75

closure causes the latter to close gradually and

‘between the plug 16T and the relief plunger 176

of the positive pressure relief valve unit 160,
said spring acting counter to the compression

spring 189. With this modification, the force of

the valve closing spring 180 has to be increased

~ to compensate for the counter . force from the

60 -

-valve- -lifting spring 225

T claim: -
1. In a resusmta,tor havmg suckmg and blow- :

'-'1ng cylinders, plStOIlS and valves therefor, and

“conduits connecting the cylmders with the pa--

tient, the combination of, a vented chamber for

60 |
‘normally yieldingly closed to shut off said cham-

a valve in each chamber

each of said conduits,

ber from the connected conduit and opened by

excess pressure in the latter, a cylinder havinga

- gealed end into which said valve extends, and a

70

plunger shdable in said cylinder and mounted on

- - said valve, the latter having a passage providing

. permanent communication between sald condult

and sealed cylinder end. |
2. In a resuscitator having sucking a,nd blow-
mg cylmders plstons and Valves therefor and




5,427,419

i1

conduits connecting the- cylinders with the pa-

 tient, the combination of, a vented chamber for -

each of said conduits, a valve in each chamber to
shut off the latter from the connected conduit
when closed, a cylinder having g sealed end into
which said valve extends, a plunger slidable in

said cylinder and mounted on said valve, and a

12

sald inlet with a- patlent the combination of &
‘vented chamber open-at one side to said conduit,
& valve in said chamber ha,vmg a stem and being

' "nermel]y yleldmgly closed to shut off said cham-

-compression spring in said cy]mder bearmg with -

one end against said plunger to close said valve,
the latter having a passage providing perma-
nent, commumcatmn between said cendmt and
seelecl cylinder end. -

‘3. Pressure relief valve mechamsm as set ferth

compression spring in said cylinder also bearing

‘against said plunger and tending to open said

valve.

10

ber from- said conduik and epened by excessive

~nege,t1ve pressure in the latter, a cylinder at an-
other side of said chamber into which said valve

stem extends, the eylinder end most remote from
said chamber being sealed, and a plunger slid-
able in said cylinder and mounted on said valve

 stem, said valve having a passage providing per-

in claim 2, further including another but weaker

4. In a. resuseltator havmg two pumps each |

' having an inlet and an outlet, a face mask, and
~inhalation and exhalation condults connectmg

said mask Wlth the outlet of one pump and the
inlet of the other pump, respectwel‘y, the com-

bm&tmn of vented ehembers open to said con-

duits, respectwel‘y, a valve in each chamber nor-

- mally yieldingly closed to shut off said chamber -,
~ from its respective conduit and opened by exces-
sive pressure in the latter, two cylinders each

hevmg a sealed end into which a valve extends,

and a plunger in each cylinder mounted on the
| -velve extendmg thereinto, each valve having a

passage providing permanent communication be-

~ tween the sealed end of its respective cylinder

a,nd the correspendmg conduit.

5. In a resuscitator, having a pump ha,vmg an-

‘inlet - and an outlet and a condmt connectmg

‘manent communication between said condmt and

sealed eylmder end -
| CHESTER C RAUSCI—I
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