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Filed July 31, 1956, Ser. No. 601,141 
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This invention relates to respirator apparatus intended 
fo'r use primarily in the treatment of humans, and more 
particularly to respirator apparatus for effecting adequate 

L-fp?hnonary ventilation of the respiratory system of a 
human patient in those situations where it is desirable 
that respiration of the patient be accomplished inde 
pendently of the patient’s respiratory muscles as, for eX 
ample, in a case where the patient is undergoing intra 
thoracic surgery or in a case where the patient is suiîer 
ing from poliomyelitis. 
When utilizing a respirator or Ventilating machine it 

frequently becomes necessary to vary the pressures 
created in the patient’s respiratory system, or to vary the 
rate of respiration of the patient, or both. It even be 
comes necessary sometimes, such as in the event of power 
failure or when, in the opinion o'f the attending physician 
or surgeon it is desirable, to disconnect the respirator 
apparatus from the patient and resort to manual ventila 
tion of his respiratory system. Not infrequently, these 
changes or adjustments must be made quickly. A satis 
factory ventilating machine, therefore, must be capable 
of having its cycle of o‘peration changed rapidly, it must 
be able to produce a wide range of pressures in the 
respiratory system and be capable of rapid adjustment 
throughout its range, and it must be quickly convertible 
from automatic to manual operation. 
An object of this invention is to provide apparatus fo'r 

producing eiîective pulmonary ventilation of a patient 
through a wide range of pressures and which is quickly 
and easily adjusted during operation to vary the pres 
sures created in the patient’s respiratory system. 
Another object of the invention is to provide appa 

ratus of the class referred to which may be readily and 
simply converted from automatic to manual operation so 
as to enable the patient’s respiratory system to be venti 
lated manually. 
A further object of the invention is to' provide cycli 
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cally operable Ventilating apparatus of the kind described ` 
which is capable of rapid and simple adjustment so as 
to vary its frequency. 

Other objects and advantages of the invention will be 
pointed out specifically or will become apparent from 
the following description of the inventio'n when read in 
conjunction with the appended claims and the accom 
panying drawings, in which : 

Figure 1 is a side elevation of apparatus constructed 
in accordance with the invention; 

Figure 2 is an end view, partly in elevation and partly 
in section, of the apparatus; 

Figure 3 is a View similar to Figure 1, but on an en 
larged scale and showing certain of the parts in cross 
sectio'n; Y 

Figure 4 is a view, partly in plan and partly in sec 
tion, taken on the lines 4_4 of Figures 2 and 3; and 

Figurey 5 is an enlarged view of a detail shown in 
y Figure 1. 

Apparatus constructed in accordance with the disclosed 
embodiment of the invention comprises a platform 1, 
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2 
preferably provided with castered wheels 2, and on which 
is mounted a frame 3 composed of a plurality of ele 
ments 4, 5, 6, 7, and 8. The frame element 5 includes 
a vertical sectio'n 5a and an upper, horizontal section 5b 
to the end of which is secured an angular frame member 
9 having a vertical section 9a and a horizontal section 
9b overhanging the horizontal section 5b of the frame ele 
ment 5. 
To the under surface of the horizontal frame section 

9b is secured one end of a bellows or pump 10. The 
frame sectio‘n 9b is apertured for reception of a tubular 
connecting piece 11 which provides communication be 
tween the pump chamber and the respiratory system of a 
patient through the intermediary of a hose 12. The hose 
12 may be ñtted at its free end with either a face mask 
13 or an endotracheal tube (not shown). The lower 
end of the bellows chamber is closed by a plate 14 to 
which is secured one end o'f a rod 15, the rod passing 
through a bearing 16 (Fig. 3) in the horizontal frame 
section `5b and having its other end secured in a block 
17 forming part of a coupling device 13. From the 
block 17 extends another rod 19 which passes through 
an opening formed in a horizontal shelf or flange 20 
and serves as a guide fo'r insuring vertical reciprocation 
of the bellows, the flange 20 being secured to the frame 
section 4. 
The construction and arrangement of the parts de 

scribed thus far are such that vertical reciprocation of 
the rod 15 will cause ñuid alternately to be discharged 
from and drawn into the bellows chamber through the 
conduit provided by the connecting piece 11 and the 
tube 12, the discharge and intake of lluid being accom 
panied by the creation of pump induced relatively posi 
tive and negative pressures, respectively, in the respira 
tory system of the patient in simulation of natural breath 
ing. The apparatus may be used either with or without 
an anaesthesia machine of known construction. When 
used in conjunction with an anaesthesia machine, the 
ñuid discharged from and drawn into the bellows cham 
ber will be regulated by the valves forming a part o‘f 
the anaesthesia machine and when the apparatus is used 
alone the ingress and egress of Huid to and from the 
bellows chamber may be regulated by valve equipment in 
corporatediin a housing in the hose structure 12 and 
indicated in Fig. l of the drawings bythe numeral 21. 
Such valve equipment may be of the kind shown in Fig. 
5 in which the wall of the tube 12 is provided with open 
ings normally maintained closed by inlet and` outlet 
valves 21a and 21h, respectively, under the inlluence 
of springs 21c and 21d which react against their respec 
tive valves and their supporting brackets 21e and 21f, 
the latter being bonded or otherwise suitably 'secured to 
the tube wall. As shown, the tension imposed by the 
springs upon each valve is capable of being adjusted 
by means such as knurled nuts 21g and 21h so as to 
enable the operator to control the opening and closing 
of the valves in accordance with the pressures desired 
to' be created in the respiratory system of the patient. 
To enable the operator of the apparatus to ascertain the 
intensity of the relative positive and negative pressures 
created in the respiratory system of the patient, the bel 
lows structure may include a pressure gauge 22, and to . 
enable condensation to be drained from the bellows 
chamber, the plate 12 may be apertured for reception 
of a drain cock 23. - 

The invention includes mechanism generally indicated 
by the reference numeral 25 for reciprocating the pump 
10 automatically 4and in the disclosed embodiment this 
mechanism comprises a driving member or rotor 26 and 
driving connections interconnecting the rotor `and-*the 
pump. The driving member includes a shaft 27 journaled 
>for rotation in the frame element 5 by means of a suitable 
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bearing' 28. To one face of the rotor 26 is ñxed a radially 
extending cylinder element 29 in which is mounted a re 
ciprocable piston element 30 having the usual piston rings 
31 associated therewith. Alternatively, va known Íormhof 
cup-like sealing device of rubber, neoprene, or the like 
may be used in association with the piston `and cylinder, 
instead of piston rings. One end of the cylinder is open. 
Through the open end of the cylinder extends a piston rod 
33, one end of which is connected to the piston 3S and 
the other end of which is connected to a cross-head or 
part 34 mounted on a pair of parallel guideways 35, ñxed 
to the outer face of the rotor, so as to permit the part 34 
to be slidably shiftable radially with respect to the axis of 
rotation of the rotor 26. The cross-head 34 is provided 
with a threaded opening for reception of a pin 36 on 
which is journaled one end of a connecting rod 37. The 
other end of the connecting rod 37 is apertured for re 
ception of a connecting or coupling pin 38 whichforms 
a part of the coupling device 18 and which will be de 
scribed in greater detail subsequently. 
The rotor shaft 27 preferably is hollow, as is shown in 

Fig. 3, so as to enable it to serve `as a reservoir 39 for 
hydraulic tluid, eg. hydraulic brake huid, which may be 
admitted to the hydraulic system through >a port in the 
cylinder head 32 and which is closed by means of a plug 
32a. One end of the reservoir 39 communicates with the 
interior of the cylinder 29 through a passage 40 formed 
in the driving rotor 26, whereas the other end of the 
reservoir 39 is sealed by ̀ a movable piston 41 which may 
be equipped with a rubber, neoprene, or like sealing cup. 
The free end of the rotor shaft 27 is journaled in a suit 
able bearing 6a in the frame element 6, the shaft being 
secured against longitudinal displacement in one direction 
iby engagement of the rotor 2d with the bearing 28 and in 
the other direction by engagement of collars 42, secured 
to the shaft by set screws 43, with the bearings in the 
frame elements 5 and 6. , 
The position of the movable piston 4l is controlled by 

a rod 44 which is mounted for longitudinal movement in 
the frame elements 7 and 8 by bearings 7a and 8E, the rod 
being equipped at one end with a piston engaging part 45. 
The part 45 preferably is spherical, desirably being a steel 
ball or thrust bearing so that engagement between the part 
l45 and the piston 41 during rotation of the latter with 
the rotor shaft 27 will not impart rotation to the rod 44. 
At its other end the rod 44 preferably is provided with 
a hand grip 46 by means of which the position of the 
rod 44 may be adjusted. In the disclosedarrangement of 
parts, the rod 44 constitutes operating means for the part 
34 and is operatively connected to the latter by the hy 
draulic ñuid, the cylinder 29 and the piston 30, 4and their 
associated parts. 
To hold the rod 44 in any one of its several adjusted 

positions, clamping means 47 is provided, which, in the 
disclosed form of the invention, comprises a manually op 
erable bar 48 having an opening 49 through which the 
rod -44 passes. The bar 48 is mounted on the frame ele~ 
ment 7 by means of a bracket 50 having a slot 51 therein 
for reception of a pin 52 carried by the bar 48. The ar 
rangement is such that the bar is capable of limited rock 
ing and sliding movement relative to the bracket 59 so 
as to cause the edges of the opening 49 to bind on the 
rod 44 Aand restrain it against movement to lthe left as 
viewed in Figure 3. The rod 48 normally is held in 
clamping engagement on the rod 44 by a spring 53 con 
nected Abetween the lower end of the bar and the fra-me 
element 6, but the effect of the spring easily may be over 
come by the operator when it is desired to shift the piston 
41. To prevent inadvertent withdrawal of the rod 44 
from the ro-tor shaft 27, a cord 54 may be connected be 
tween the handle 45 and the adjacent frame element 8. 

Apparatus constructed in accordance with the invention 
includes means for driving the driving member 26. One 
convenient means for driving the rotor comprises an elec 
trio motor 55 which may be mounted on the frame 1 or 
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elsewhere, in which ease transmission means may be in 
cluded from the motor to the rotor to drive the latter. 
In the disclosed embodiment the motor shaft 56 is 
equipped with transmission means comprising a worm 57, 
the teeth of which mesh with .teeth 58 formed on the 
periphery of the rotor 26 as is best shown in Figure 2. 
The free end of the shaft may be supported in any suit 
able manner, eg., by means of bearings mounted in a 
bearing support S9. 

It is preferred that the moto-r 55 be capable of variable 
speed operation in order that the operating cycle of the 
bellows 10 may be varied at will so as to control the rate 
of respiration of the patient. Variable speed electric mo 
tors are readily available »and need not be described in 
detail, but it is preferred that the motor be operable on 
direct current and have a control panel 69 including a 
start-stop switch 61 and a rheostat 62 connected to a 
source of electric energy (not shown) for varying the mo 
tor speed steplessly. Speed varying means consisting of 
belts and variable diameter sheaves or gear trains o-r the 
like also may be used to vary the speed of the motor. 
When using the apparatus in conjunction with an 

anaesthesia machine, the parts of the latter may be mount 
ed on the frame l so as to have all parts conveniently 
close at hand. The endotracheal tube (not shown) or the 
mask 13, whichever is lbeing used, may be positioned in 
communication with the respiratory system of the patient 
and the motor 55 started and adjusted to the speed re 
quired to induce respiration of the patient at the desired 
rate. The ilow of gases which are to be inspired and ex 
hausted will be adjusted by the anaesthetist in the usual 
manner by manipulation of the valves incorporated in the 
anaesthesia machine. The Vdepth of breathing `of the pa 
tient, however, will be regulated or controlled by adjust 
ment of the respirator apparatus. 
The depth of breathing of the patient is controlled by 

regulating the stroke length of the bellows or pump 10. 
The longer the exhaust stroke of the pump, the more ñuid 
will be exhausted from the bellows chamber and the 
greater will be the intensity of the relatively positive 
pressure created in the lungs of the patient. Also, the 
longer the intake stroke of the bellows, the more ñuid 
will be withdrawn from the lungs of the patient and the 
pressure created in the lungs will be relatively more 
negative than for a shorter stroke. As has been pointed 
out previously, the bellows it) is reciprocated by means 
of the rod 15 which is connected to the driving mem 
ber 26 by means of the pin 3S, the connecting rod 37, 
the pin 36 and the cross-head 34. The length of the 
stroke of' the bellows llt), and consequently the intensity 
of the pressures created in the respiratory system of the 
patient, will depend on the eccentricity of the part 34 
relative to the axis of rotation'of the rotor 26. In the 
positions of the parts shown in Figure 3, the cross~head 
34 is slightly eccentric to the axis of the rotor 26, so 
the length of the bellows strokes will be relatively short. 
If it is desired to increase the length of the bellows 
stroke, the rod 44 is pushed to the right, as viewed in 
Figure 3, whereupon the piston 41 will force hydraulic 
iluid from the reservoir 39 in the hollow shaft 27 through 
the passage 4t) and into the cylinder 2.9 so as to displace 
the piston 30 and the piston rod 33 radially inwardly 
and cause radially outward movement of the part 34 
relative to the rotor 25, since the part 34 is on the op 
posite side of the axis of rotation of the rotor from the 
piston 30. Radially outward movement of the part 34 
relative to the rotor increases the eccentricity of the part 
34 to the shaft 27, thereby increasing the stroke length 
of the bellows and the intensity of the relatively pos~ 
itive and negative pressures created in the respiratory 
system ofthe patient. The position to which the part 
34 may be adjusted relatively to the axis of rotation of 
the rotor 26 will depend solely on the length of con 
tinuous sweep movement of the piston 41 under the inf 
ñuence of the rod 44 and it will be clear that the part 
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34 may be ladjusted uninterruptedly substantially in 
stantaneously and steplessly independently of operation 
of the driving member 2.6 to any one of a plurality of 
positions radially of the rotor 26. When the part 34 
has been adjusted to its selected position, the Ibar 48 
will be rocked by the spring 53 to the position shown 
in Figure 3 so as to clamp the rod 44 against horizon 
tal movement relative to the shaft 27. 

If it should be desired to decrease the length of the 
stroke of the bellows 10, the operator may rock the bar 
4S clockwise, as viewed in Figure 3, so >as to enable the 
rod 44 to be moved to the left. The rotation of. the 
rotorl 26 would tend to cause the piston 3i) to move ra 
dially outwardly due to centrifugal force, thereby tend 
4ing to move the part 34 radially inwardly to decrease the 
eccentricity of the part 34, but to insure that the decrease 
in eccentricity of the part 34 will follow immediately 
the movement of the rod 44 to the left, a spring 63 is 
connected to a stud 64 on the rotor 26 and to a stud 
65 on the part 34. The spring should be ofvsuch ca 
pacity as to enable the piston 30 to displace hydraulic 
iiuid from the cylinder 29 into the reservoir 39, but 
should not exert such a force as to make it unduly dif 
ficult to move the piston 30 and the part 34 in the reverse 
direction. As is the case 'when the eccentricity of the 
part 34 is increased, the part 34 may be moved radially 
inwardly to any one of a plurality of positions so as to 
decrease the length of the bellows stroke as desired. 
As is best shown in Figure 3, the connecting rod 37 

is coupled to the bellows operating rod 15 by means of 
a pin 38 which extends through a bore in the coupling 
block 17 and through an opening in the end of the con 
necting rod 37. One end of the pin 38 projects beyond 
the connecting rod 37 and is provided with yieldable 
>spring strips 66 which normally are bowed outwardly 
beyond the surface of the pin 38 to prevent inadvertent 
withdrawal of the pin 38 from the connecting rod 37. 
The other end of the pin 38 is equipped with a knob 
67 so as to facilitate lateral movement of the pin 3S to 
the right, as viewed in Figure 3, and to prevent move 
ment of the pin 38 to the left beyond the position shown 
-in Figure 3. The bore through the block 17 preferably 
is provided with an enlarged portion 68 into which the 
spring strips 66 may expand upon movement of the pin 
38 to the right, thereby providing a releasable securing 
means for preventing the pin 38 from becoming sep 
arated from the block 17. ' When the pin connector 33 
is in the position shown in Figure 3 it engages both ele 
ments of the pair of coupling elements 37 and 17 and 
operatively couples the pump rod 15 to the driving mem 
ber 26. When the connector 3S is displaced to the 
right as Viewed in Figure 3 and is thus disengaged from 
the connecting rod or coupling element 37 it remains 
engaged with the coupling element 17. With the con 
nector 3S so displaced, the bellows no longer will be 
reciprocable with the driving member 26, but will re 
main stationary unless it is manipulated manually, using 
the knob 67 as a handle. It is preferred that the appara 
tus include a counterbalance or the like for the bellows, 
and such a device is shown in Figure 2 as comprising 
a weight 77 suspended from one end of a cord 77’ which 
is trained around a pulley 7S mounted on the horizon 
tal frame section 5b, the other end of the cord being se 
cured to an eye bolt 79 threaded into the coupling 
Ablock 17. 
When the bellows has been conditioned for manual 

operation by separation of the connecting rod 37 and the 
pin 38, it is not necessary that rotation of the drivingl 
member 26 cease. If the driving member continues to 
rotate, the connecting rod 3„ unless restrained, will fall 
to one side or the other and possibly damage other parts 
of the apparatus or equipment used in conjunction there 
with. To prevent such an occurrence, a metal plate 
69 preferably is secured to the horizontal frame section 
5b by means of screws 70 and extends downwardly paral 
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lel to the rods 15 and 19. A hollow, threaded part 71 
is received in the opening of the connecting -rod 37 and 
projects beyond the face of the latter so as to be re 
ceived in a slot 72 formed in the plate 69. The part 71 
preferably includes a peripheral ñange 73 having a di 
ameter larger than the transverse dimension of the slot 
72 so as to prevent withdrawal of the part 71 from the 
slot. With this arrangement of parts, reciprocating 
movement of the connecting rod 37 by rotation of the 
driving member 26 will be guided by cooperation be 
tween the part 71 and the slot 72 which will prevent the 
connecting rod 37 from being thrown about when it is 
disconnected from the bellows operating rod 15. l 
When it is desired to reconnect the driving member to 

the bellows, the coupling block 17 may be moved man-_ 
ually to a position where the pin-38 is aligned with 
the opening in the connecting rod 37 and the pin then 
may be moved toward the left, as viewed in Figure 3. 
To facilitate the reconnecting of the parts, the nose of 
the pin 38 may be rounded as at 74. » 
The lower end of the plate 69 may, if desired, be 

provided with supports, one of which is shown at 75, 
for mounting a fender or guard 76 over the driving 
rotor 26.  Y . ' 

The disclosed apparatus provides means for continu 
ously Ventilating the respiratory system of a patient and 
may be so adjusted as to provide any amount of both 
positive and negative pressure which may be useful and 
safe in the treatment of humans. The volume of fluid 
delivered to and exhausted from, and consequently the 
intensity of the relatively positive and negative pres 
sures created in the patient’s respiratory system may 
bevan'ed substantially instantaneously and steplessly 
during operation of the apparatus and the rate of ventila` 
tion of the patient may be varied substantially instan 
_taneously and steplessly by adjustment of the speed of 
the driving motor 55. Moreover, the apparatus may 
be instantaneously converted from automatic operation 
to manual operation by disconnecting the bellows from 
the connecting rod 37. Using apparatus constructed in 
accordance with the invention in conjunction with a 
circular filter arrangement on a conventional anaesthesia 
machine, perfect control of respiration, together with 
perfect control of anaesthetic agents should be possible. 
For use with polimyelitis patients, where oxygen is not 
being administered, a simple arrangement of two one 
way valves, such as are incorporated in tubes connected 
to masks or tracheotomy tubes and disclosed in Figure 
5, will be suñicient to insure adequate ventilation of the 
respiratory system. ' 

The disclosed embodiment is intended to be illustra 
tive, but not deñnitive, of the invention. The invention 
is defined in the claims. ' 

I claim: 
1. Apparatus for effecting pulmonary ventilation of a 

_ patient undergoing treatment, said apparatus comprising 
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a pump having a chamber from which fluid may be dis 
charged on one stroke of the pump and into which fluid 
may be drawn on the other stroke; means for connecting 
said chamber to the respiratory system of the patient so 
as to create alternating relatively positive 'and negative 
pressures in the respiratory system of the patient in simu 
lation of natural breathing; a driving member; means for 
driving said driving member; and means coupling said' 
driving member to said pump and including a pair of 
adjacent elements, and a connector normally operatively 
engaging both elements of said pair for operatively con 
necting said pump to said driving member to be driven 
thereby, said connector being mounted for displacement 
to be disengaged from _the element of said pair on the 
driving member side of said coupling means while re 
maining engaged with the element of said pair on the 
pump side of said coupling means, and said connector 
when so displaced providing a handle for operating said 
pump manually. ' ' ‘ ~ ' 
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2. Apparatus for effecting pulmonary Ventilation of a 

patient undergoing treatment,_ said apparatus comprising 
a pump having a chamber from which iluid may-be dis 
charged on one stroke of said pump and .into which iluid 
may be drawn on the other stroke; means for connecting 
said chamber to the respiratory system of 'the patient 
so as to create alternating relatively positive and nega 
tive pressures in the respiratory system of the patient in 
simulation of natural breathing; a driving member; means 
for driving said driving member; means vfor varying the 
speed of said driving means whereby the rate of respira 
tion may be varied; and means coupling said driving 
member to said pump and including a pair of adjacent 
elements, and a connector normally operatively engaging 
both elements of said pair for operatively connecting 
said pump to said driving member to be driven thereby, 
said> connector being mounted for displacement to be 
disengaged from the element of said pair on the driving 
member side of said coupling means while remaining 
engaged with the element of said pair on the pump side 
of said coupling means, and said connector when so 
displaced providing a handle for operating said pump 
manually. 

3. Respirator apparatus for effecting pulmonary venti 
lation of a patient undergoing treatment, said apparatus 
comprising a pump having a chamber from which fluid 
may be discharged on one stroke of said pump and into 
which fluid may be drawn on another stroke of said 
pump; means communicating with said chamber for con 
necting tbe latter to the respiratory system of the patient 
so as to create alternating positive and negative pressures 
inthe respiratory system in simulation of natural breath 
ing; a driving member; a cylinder fixed on said driving 
member; a reciprocable piston in said cylinder; a cross 
head slidably mounted on said driving member and con 
nected to said piston for movement therewith; means 
connecting said cross-head to said pump; means oper 
atively connected to said piston for steplessly moving the 
latter and the cross-head relatively to said driving mem 
ber so as steplessly to vary the stroke length of said _ 
pump, thereby steplessly to vary the intensity of the pres 
sures created in the respiratory system of the patient; and 
means for driving said driving member. 

4. Respirator apparatus for eñ'ecting pulmonary ven 
tilation of a patient undergoing treatment, said apparatus 
comprising a pump having a chamber from which fluid 
may be discharged on one stroke of said pump and into 
which fluid may be drawn on another stroke of said 
pump; means communicating with said chamber for con 
necting the latter to the respiratory system of the patient 
so as to create alternating positive and negative pressures 
in the respiratory system in simulation of natural breath 
ing; a driving member; a cylinder radially mounted on 
said driving member; a reciprocable piston in said cylin 
der; a cross-head mounted `for radial movement on said 
driving member and connected to said piston for move 
ment therewith; means connecting said cross-head to said 
pump; means operatively connected to said piston for 
steplessly moving the latter and the cross-head relatively 
to said driving member so as steplessly to vary the stroke 
length of said pump, thereby steplessly to vary the in 
tensity of the pressures created in the respiratory system 
of the patient; and means for driving said driving mei. - 

ber. 
5. Respirator apparatus for ei’îecting pulmonary ven 

tilation of a patient undergoing treatment, said apparatus 
comprising a pump having a chamber from which fluid 
may be discharged on one stroke of said pump and into 
which iluid may be drawn on another stroke of said 
pump; means communicating with said chamber for con 
necting the latter to the respiratory system of the patient 
so as to create alternating positive and negative pressures 
'in the respiratory system in simulation of natural breath 
ing; a driving member; a cylinder fixed on said driving 
member; a reciprocable piston in said cylinder; a cross 
head slidably mounted on said driving member and con 
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nected to said piston for movement therewith; means 
connecting said cross-head to said pump, said connecting 
means including a separable coupling device operable 
to disconnect said pump from said cross-head; means 
operatively connected to said piston for steplessly moving 
the latter and the cross-head relatively to said driving 
member so as steplessly to vary the stroke length of said 
pump, thereby steplessly to vary the intensity of the pres 
sures created in the respiratory system of the patient; 
and means for driving said driving member. 

6. Respirator apparatus for effecting pulmonary ven 
tilation of a patient undergoing treatment, said apparatus 
comprising a pump having a chamber from which iluid 
may be discharged on one stroke of said pump and into 
which ñuìd may be drawn on another stroke of said 
pump; means communicating with said chamber for con 
necting the latter to the respiratory system of the patient 
so as to create alternating positive and negative pressures 
in the respiratory system in simulation of natural breath 
ing; a rotatable driving member; a cylinder radially 
mounted on said driving member; a reciprocable piston-«N 
in said cylinder; a cross-head mounted for radial move 
ment on said driving member and connected to said piston 
for movement therewith; means connecting said cross 
head to said pump, said connecting means including a 
separable coupling device operable to disconnect said 
pump from said cross-head; means operatively connected 
to said piston for steplessly moving the latter and the 
cross-head relatively to said driving member so as step 
lessly to vary the stroke length of said pump, thereby 
steplessly to vary the intensity of the pressures created 
in the respiratory system of the patient; and means for 
driving said driving member. 

7. Respirator apparatus for etl’ecting pulmonary ven 
tilation of a patient undergoing treatment, said apparatus 
comprising a pump having a chamber from which ñuid 
may be discharged on one stroke of said pump and into 
which liuid may be drawn on another stroke of said 
pump; means communicating with said chamber for con 
necting the latter to the respiratory system of the patient 
so as to create alternating positive and negative pres 
sures in the respiratory system in simulation of natural 
breathing; a driving member; a cylinder fixed on said 
driving member; a reciprocable piston in said cylinder; 
a cross-head slidably mounted on said driving member 
and connected to said piston for movement therewit ; 
means connecting said cross-head to said pump; means 
operatively connected to said piston for steplessly mov 
ing the latter and the cross-head relatively to said driving 
member so as steplessly to Vary the stroke length of said 
pump, thereby steplessly to vary the intensity of the 
pressures created lin the respiratory system of the patient; 
means for driving said driving member; and means for 
varying the speed of said driving means whereby the 
rate of respiration of the patient may be varied. 

8. Respirator apparatus for effecting pulmonary ven 
` tilation of a patient undergoing treatment, said apparatus 
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comprising a pump having a chamber from which lluid 
may be discharged on one stroke of said pump and into 
which ñuid may be drawn on another stroke of said 
pump; means communicating with said chamber for 
connecting the latter to the respiratory system of the 
patient so as to create alternating positive and negative 
pressures in the respiratory system in simulation of nat 
ural breathing; a rotatable driving member; a cylinder 
radially mounted on said driving member; a reciprocable 
piston in said cylinder; a cross-head mounted for radial 
movement on said driving member and connected. to said 
piston for movement therewith; means connecting said 
cross-head to said pump; means operatively connected to 
said piston for steplessly moving the latter and the cross 
head relatively to said driving member so as steplessly 
to vary the stroke length of said pump, thereby steplessly 
to vary the intensity of the pressures created in the 
respiratory system of the patient; means for driving said 
driving member; and means for varying the speed of 
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said driving means whereby the rate of respiration of 
the patient may be varied. 

9. Respirator apparatus for effecting pulmonary ven 
tilation of a patient undergoing treatment, said apparatus 
comprising a pump having a chamber from which Huid 
may be discharged on one stroke of said pump and into 
which liuid may Abe drawn on another stroke of said 
pump; means communicating with said chamber for con 
necting the latter to the respiratory system of the patient 
so as to create alternating positive and negative pressures 
ín the respiratory system in simulation of natural breath 
ing; a driving member; a cylinder element; a piston ele 
ment relatively reciprocable in said cylinder element, one 
of said elements being íixed with respect to and carried 
by said driving member; a cross-head slidably mounted 
on said driving member and connected to the other of 
said elements for movement therewith; means connecting 
said cross-head to said pump; means for applying fluid 
pressure within said cylinder element to act on said 
piston element for steplessly moving said other of said 

_y,_ele‘ments and the cross-head relatively to said driving 
member so as to steplessly to vary the stroke length of 
said pump, thereby steplessly to vary the intensity of 
the pressures created in the respiratory system of the 
patient; and means for driving said driving member. 

10. Respirator apparatus for effecting pulmonary ven 
tilation of a patient undergoing treatment, said apparatus 
comprising a pump having a chamber from which iiuid 
may be discharged on one stroke of said pump and into 
which ñuid may be drawn on another stroke of said 
pump; means communicating with said chamber for con 
necting the latter to the respiratory system of the patient 
so as to create alternating positive and negative pressures 
in the respiratory system in simulation of natural breath 
ing; a driving member; a cylinder element; a piston ele 
ment relatively reciprocable in said cylinder element, said 
elements extending radially with respect to said driving 
member and one of said elements being fixed with re 
spect to said driving member; a cross-head mounted for 
radial movement on said driving member and connected 
to the other of said elements for movement therewith; 
means connecting said cross-head to said pump; means 
for applying iiuid pressure within said cylinder element 
to act on said piston element for steplessly mow'ng said 
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other of said elements and the cross-head relatively to 
said driving member so as steplessly to vary the stroke 
length of said pump, thereby steplessly to vary the in 
tensity of the pressures created in the respiratory system 
of the patient; and means for driving said driving mem 
ber. 

ll. Respirator apparatus for effecting pulmonary ven 
tilation of a patient undergoingtreatment, said appa 
ratus comprising a pump having a chamber from which 
liuid may be discharged on one stroke of said pump and 
into which iiuid maybe drawn on another stroke of said 
pump; means communicating with said chamber for con 
necting the latter to the respiratory system of the patient 
so as to create alternating positive and negative pressures 
in the respiratory system in simulation of natural Ybreath 
ing; a rotatable driving member; a cylinder element; a 
piston element relatively reciprocable in said cylinder ele 
ment, said elements extending radially with respect to 
said driving member and one of said elements being fixed 
with respect to said driving member; a cross-head mount 
ed for radial movement on said driving member and 
connected to the other of said elements for movement 
therewith; means connecting said cross-head to said pump; 
means for applying fluid pressure within said cylinder 
element to act on said piston element for steplessly mov 
ing said other of said elements and the cross-head rela 
tively to said driving member so as steplessly to vary the 
stroke length of said pump, thereby steplessly to vary the 
intensity of the pressures created in the respiratory system 
of the patient; means for driving said driving member; 
and means for varying the speed of said driving means 
whereby the rate of respiration of the patient may be 
varied. ' 
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