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1 Claim.

My invention relates to artificial respirators,
and in particular to a pulsator, for producing
pulsating differences in pressure within an. en-
closed space, for use in such respirators. Cer-
tain features hersin disclosed may be used in
conuection with such o respirator as is disclosed
in the Drinker and Shaw Patent No. 1,834,580.
In certain other respects, particularly in respect
to the pulsator, the present invention differs ma-

. terially from the Drinker and Shaw respirator,

commonly called the Drinker respirator.

In the Drinker respirator the patient’s entire
body, from the neck down, is enclosed, and his
head is outside the enclosing cabinet. Pressure

- within the cabinet is rhythmically lowered below

atmospheric and again restored to atmospheric,
by cenirifugal compressors and control means
therefor. Such mechanical devices require con-
stant attention to prevent failure, yet are in con-
stant uUse over long periods of time, perhaps
months. ‘

It is an object of this invention to provide an
improved pressure-changing apparatus or pul-
sator, requiring but & minimum of attention,
and unlikely to fail, and further to provide such
apparatus which will impose & substantially con~
stant load upon a driving motor.

Such respirators may be of the type wherein
pressure is decreased below atmospheric, and
then returned to atmospheric, as in the Drinker
respirator, and wherein inspiration results from
the decreased pressure applied externally to the
patient’s chest, expiration resulting from the
elasticity of the chest walls upon restoration of
On the other hand, the
respirator may produce superatmospheric pres-
sure, through the nose and mouth, within the
lungs, inducing inspiration, and expiration re-
sults from natural deflation upon return to at-
It is an object to provide a
pulsator suitable for use with either type of
respirator, and adaptable to eifher solely by a
change in its mode of operation.

Other ohjects will ‘appear as this specification

My invention comprises the novel pulsator, as
a whole, the varicus novel parts thereof, and the
novel arrangement of these parts in combination
with each other, and in combination with a

. respirator, all as shown in the accompanying

drawings, and as will be hereafter described and
more particularly defined by the claim which ter-
minates this specification.

In the accompanying drawings I have shown
my invention in fllustrative forms, and it will be

(Cl. 60—62.6)

understood that various changes may be made
in the details within the spirit and scope of the
invention, as defined in the claim.

Figure 1 is a general elevation of the preferred
form of respirator and bed.

Figure 2 is a perspective view of the head panel
and part of the cabinet associated therewith.

Figure 3 is an elevation of a part of the bed
and various supports associated therewith, and
illustrates the means whereby the patient’s po-
sition may be changed, and he may be supported.

Figure 4 is a section through the head panel
and sealing coliar, showing the manner in which
the patient is supported with relation to these |
elements. 16

Figure 5 is an elevation of the head panel and
reducer plate.

Pigure 6 is an elevation of the pressure-chang-
ing apparatus, and Figure 7 is an enlarged view,
partly in elevation and partly in section, through
the water bellows portion of the same.

~ Figure 8 is a part section and part elevation
of a modified form of the respirator, and Figure 9
is a transverse section through this form.

The respirator as a whole may be formed sim-
ply as a cabinet to enclose the head, properly lo-
cated and associated with a bed, and having
means rhythmically producing a positive pres-
sure -within the head cabinet, and relief of such
pressure, usually to atmospieric. Thus in Figure
1 is shown the head cabinet ! supported upon
the head end of a bed frame 9, and with a con-
duit or pipe 20 from a pressure source extending
into the head cabinet f.

Such a cahinet is provided with a head panel
18 having an aperture {{ through which the pa~
tient’s neck projects. Preferably the panel 19 is
inclined somewhat with respect to the plane of
the bed 9 to give greater freedom of movement
to the patient’s chin. In order to facilitate the
placing of the patient within the respirator I
prefer that the upper edge of the panel 10 be
notched, as indicated at {2, and that a section
{2 be formed separately from the main portion of
the panel, but securable in the notch 12 in a
reasonably air-tight manner, being secured, for-
example, by the clamps (4, Thus with the tri-
angular section 13 removed, it is an easy matter
to lay the patient’s head on one side of the head
panel 10, with the remainder of his body on the
other side, and then to close the notch i2 with
the section 3. The patient’s head does not
have to be projected through an aperture the
margin of which is continuous.

It is necessary, of course, to seal the aperture
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{{ so that no substantial 1oss of air pressure will
occur by escape through the same, and zny
suitable means to accomplish this may be pro-
vided. I prefer to employ a conical sleeve 3 of
flexible impermeable elastic material, for ex-
ample of rubber, which can be slipped over the
patient’s head while he is seated. This sleceve
has a flange 30 about its larger end, which is
adapted to be clampsd between rings 3! (see
Figure 4), and to be in turn sscured about the
margin of the aperture {i. The smaller end of
the sleeve 3 fits closely about the patient’s neck,
or may be drawn tighter and held with clamps,
and thus the sleeve will seal the apeiture.

However, the aperfure will usually be iarge
enough to accommodate the largest possible neck,
and the sleeve 2, being of flexible material, tends
tc move in snd out through the aperture with
change of pressure, to the annoyance of the pa-
tient, and disfurbing the intended pressure re-
lationship. To prevent this I prefer to employ
a reduced plate 4 (see Figure 5) which iz ad-
justably secured upon the panel {8, and which
is notched to fit clossly about the patient’s neck
and to reduce the effective size of the aperture 10
but slightly more than the size of the patient’s
neck. In this manner bellying movement of the
sleeve 2 is restricted or prevented. The reducer
plate &, several sizes of which may be provided,
may be adjustable by any suitable means, such
as the pin and slot connection illustrated at 42.

The bed I prefer to support upon trunnions 82,
carried by a stand 98¢, and having associated
with it a circular rack 82 engageable by a pinicn
93 rotatable by a crank $4, the latier held in
any given position by the pawl 85. By these or
any equivalent means the bad may be tilted to
any desired inclination. Indeed it may be tiited
to lower the head of the patient, thus to prevent
fluids from the mouth running down the traches,
or it may be tilted into a substantially upright
position, all as shown in Figure 1. Since the
head cabinet { is in this form suppcrted on the
bed, and is of small size as compared to the bed,
the patient suffers no inconvenience nor is it
difficult for the attendant to tilt the bed, with the
cabinef. However, means must be previded to
assist in the support of the patient in any ap-
preciably inclined position. To this end I have
shown crutch-like supports 9, supported upon
rods 58 which extend lengthwise of the bed, the
supports being rotatable on and adjustable along
the rods, so that they are securable in any po-
sition with respect to the patient by means such
as the clamping screw 5i. These may be fitted
beneath the armpits of the patient. Handies 52
may be similarly supported and adjustable to be
grasped by the patient’s hands. Ian addition &
seat 53 may be supported on the bed, braced by
the brace 54 engageable in any one of several
holes 5% in the bed frame, whereon the patieni
may sit when in an upright position.

Within such a cabinet, or within any other
suitable cabinet, pressure is changed by mecha-
nism such as that shown in Figures 6 and 7.
In general a water bellows, indicated at 2, is
connected by the conduit 20, previously referred
to, to the cabinet. It will be understood that
such a bellows might be employed for lessening
the pressure within the cabhinet, or for increas-
ing it, depending upon the manner in which it
is operated. The manner of opersting the res-
pirator and the pulsator determines the point of
connection of the conduit to the cabinet. Two
alternative points are shown in Figure 9, one io
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the head chamber, in which pressure is usually
rhythinically increased and returned to atmos-
pheric, and one to the body chamber, in which
pressure is usually rhythmically decreased and
returned to atmospheric., Valves, represented di-
agrammatically by the elements 72 and 13, are
employed to govern the rate of interchange of
bressure, by a greater or lesser degree of closing
of the connection which is in use, or to close off
completely the unused connection, if desired.

As best shown in Figure 7, such a water bel-
lows comprises an outer upright cylinder 21, an
inner cylinder 28, and an inverted cylinder 22
the rim of which depends within the space be-
tween the inner and outer cylinders, and is al-
ways below the level of water in such space. The
spacing of the three cylinders is such that the
area of water surface between the inverted and
outer cylinders is substantially equal to the area
between the inverted and inner cylinders. If we
assume that pressure in the space 25, within the
inverted cylinder, is equal to atmospheric when
the inyerted cylinder 22 is raised, the water ley-
els inside and outside the cylinder 22 will he the
same.

) The water bellows must maintain a segl at all
times, hence the difference in water level caused
by the rise and fall of the cylinder 22 must not he
50 greftt a5 to reach the lower edge of this cylin-
der. If equal areas of water are exposed to the
Dressures inside and outside the cylinder, and a
fourtqen-inch head of water ig desired (corre-
sponding to a pressure difference of about one-
half pound per square inch), it is obvious that a
seven-inch rise (or fall) inside the cylinder 22

equgl, the inside ares is considerably the larger
8 rise (or fall) of say one inch inside may re:
quire a fall (or rise) outside of thirteen inches
1.;0 attain the same hydrostatic head. The ]evef
in the outside cylinder 21 has therefore changed
thirteen inches, instead of seven, to obtain the
;aéme change of air pressure within the cylinder
] 'Ifhe space 25 within the inverted cylinder 27
I8 In communication
Witl} the cabinet, and with the head pressure
cabinet described above the connection is past the
valve 12, The operation of the bellows, that ig
the rhythmical raising and lowering of the in-,
verted cylinder 22, is accomplished preferably
by the mechanism shown in Pigure 6. A lever
60 is fulcrumed ag 6f, and is raised and lowered
by a pitman §2 adjustably connected to a rota-
tive crank 6. Adjustment of the effective length
of the crank, achieved by sliding the end of the
pitman, or erank bin, lengthwise of g slot in the
crank which receives it, varies the extent of
movement of the cylinder £2. The crank § is
driven through gearing indicated at 83, from g
motor 64, at a rate corregponding to the rate
of respiration desired. The end of the lever g0
is connected through a cable or belt 65 passing
over pulleys 86 to an adjustable harness 87 which
is connected to the upper end of the cylinder 22,
Thus us the crank § rotates, the cylinder 22 is
rhythmically raised and lowered, creating a
pulsating change in pressure within the space
25 and within the cabinet. To produce suction
the cylinder 22 is first raised from its position
of Figure 7, whereas to produce pressure it is

through the conduit 29
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depressed from that position; thus it requires
only a change in its mode of operation either
suction or pressure, as required.

To produce positive pressure the cylinder 22
must be of sufficient weight that it will drop and
expel air from the space 25, hence the crank in
rising does not perform any work, and since the
cylinder 22 in sinking must displace water and
compress air, its downward motion will normally
be somewhat slower than the corresponding ris-
ing motion of the arm 860, with the result that
the cylinder 22 in sinking will not cooperate with
the motor in raising the arm 68. However, when
the crank is going downward it must lift not only
the weight of the cylinder 22, but must draw air
into the space 25. In order that the motor 64
may be more evenly loaded throughout each rev-
olution of the crank, I prefer to support, upon
the lever 68, or at some suitable place in the
driving mechanism, a counterweight 88. This
is shown supported on the lever 68, and is ad-
justable along this lever to vary its effect. Now
as the crank 6 is rising and the cylinder 22 is
dropping, imposing the minimum load on the
motor, the crank is lifting the counterweight 88,
and as the crank starts to descend, raising the
cylinder 22, the counterweight 68 compensates in
some measure for the added force required, so
that there is a continuous load on the motor 64
and a decreased maximum load.

While I have used the term “cylinder” to de-
scribe the elements 21, 22 and 23, and while they
will normally be of true cylindrical form, since
that is most convenient to make, it should be un-
derstood that any equivalent form, as hexagonal
sections, will serve the purpose equally well.

The respirator proper so far described in de-
tail has consisted only of a head cabinet where-
in the pressure is increased above atmospheric,
and in rhythmical succession is restored sub-
stantially to atmospheric, then raised again and
restored to atmospheric, ete. The result of this
is to increase the pressure applicable through
the breathing apparatus to the lungs of the
patient, and thus to expand his lungs and chest,
relying upon equalization of pressures on the
thorax and upon the head to expel the air in the
lungs through elasticity of chest walls and lungs.
This does not produce any harmful or disagree-
able effect upon the patient, for the pressure
change is of the order of one-half pound per
square inch or less. However, if the pulsator is
operated to produce a suction in the space 25, the
conduit 20 may be connected, past the valve 13, to
a cabinet, as indicated at 8 in Figures 8 and 9,
which encloses the lower portion of the body be-
low the neck. In this arrangement the head
cabinet 1’ may remain at atmospheric pressure,
or alternately with the body cabinet 8 there may
be increased pressure therein, or there may be
an alternate reduction of pressure in each of the
cabinets 8 and {’. These two cabinets, it will be
understood, are separated by a partition 80 of
which the head panel 10 forms a part.

Neither the head cabinet nor the body cabinet
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need be hermetically sealed against air exchange
with the ambient atmosphere. In particular the
head cabinets | or {’ should not be sealed. That
is, sufficient air should be allowed to leak through
cracks about the joints to insure that the air
within the interior of the system, particularly if
such air is to enter the lungs, is constantly re-
newed by the outside air in order that the
oxygen content of the air in the interior of the
cabinet may be maintained at a respiration
norm. While it is of course possible to install
positive means to replenish the oxygen supply, in
practice I have not found this necessary as suf-
ficient air is in fact exchanged, as outlined above,
through the cracks about the joints and openings
to maintain a desirable oxygen content in the
interior of the system, and that without inter-
fering with the operation of the device as a
respirator. If desired, the cabinet [’ may be
supplied with conditioned air, from any suitable
source, and admitted at any convenient point,
thus accomplishing directly and easily what it
would be difficult to accomplish were the pa-
tient’s head to be in the open air of a room.
To conserve the atmosphere within the head
cabinet {’, and to enable the patient to be fed
and his teeth to he brushed, etc., the cabinet 1’
may be large enough for a nurse to enter it,
and it is preferably provided with an air lock
16 closed by exterior and interior doors i1 and
18, respectively, through which the attendant
enters. The body cabinet 8 may likewise be suf-
ficiently large to enable an attendant to enter,
the entrance being closed by the door 8.

The bed 86 in this form of the cabinet may be
supported upon a track 97 within the cabinet 8,
and by legs 98 on the opposite side of the par-
tition 80. The head panel 10 is still formed as
a part of the bed. In order that the bed may
be moved out of the cabinet 8 sufficiently to place
a patient on if, the end wall 19 of the head cab-
inet may be made removable or hinged.

Suitable control devices, such as the pressure
gauge 1, as seen in Figure 1, or the manometer 70
as seen in Figure 8, may be employed as neces-
sary. While I have not shown details of struc-
ture of the cabinets such as would be required
to resist changes of pressure, these will be such
as good engineering principles will dictate.

‘What I claim as my invention is:

A pulsator to produce a rhythmic change in
pressure, comprising an outer upright water-
filled cylinder, an inverted cylinder movable ver-
tically within the outer cylinder, with its lower
edge always below the surface of the water
therein, a conduit communicating with the air
space within the inverted cylinder and adapted
for connection to the exterior, means including
a rotative crank connected with the inverted cyl-
inder to raise and lower it repeatedly, and a
counterweight connected to the latter means to
be raised by the crank as the inverted cylinder is
lowered, and by its downward movement to assist
in raising the cylinder.
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