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[57] ABSTRACT 
An apparatus for arti?cial respiration includes a 
frame, an air delivery device, a rotatable drive and a 
power transmission system including a four part link 
age. The linkage includes a ?rst joint which is rigidly 
supported but adjustable and lockable relative to the 
frame. A second joint» of the linkage engages the drive 
and is freely movable thereby. A guide mechanism en 
gages and guides movement of a third joint of the link 
age and a fourth joint of the linkage connects to the 
air delivery device. The guide mechanism provides a 
guide path for the third joint and is adjustable and 
lockable with respect to the frame for relocating such 
guide path. 

17 Claims, 21 Drawing Figures 
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APPARATUS FOR ARTIFICIAL RESPIRATIONv - 

The invention relates to an apparatus for artificial 
respiration comprising a rigid frame in which a mov 
able part of a breathing air delivery apparatus can be 
driven intermittently by a drive via an adjustable an 
?exible power transmission arrangement. ‘ ‘ 

Such apparatus is used for the artificial respiration of 
persons whose respiratory organs are wholly or par 
tially, and permanently or temporarily paralyzed. 
With this apparatus it is necessary for the quantity of 

air per breath, the breathing frequency and the breath 
ltime ratio, i.e., the time ratio between the inhalation 
and exhalation times, to be variable so that the appara 
tus may be adapted to suit each individual patient. 
Thus, for example, babies only require air quantities of 
less than 10 cm" for each breath, but lift frequencies of 
up to 80 lifts per minute, whereas adults require up to 
1 litre of air per breath with a lift frequency of up to 12 
lifts per minute. 
An artificial respirator having an independently vari 

able pumping frequency and volume as well as a vari 
able ratio between inhalation and exhalation is already 
known from German Offenlegungsschrift No. 
1,962,302. In this apparatus the piston of a piston 
pump in the cylinder is intermittently moved back and 
forth under the influence of a rotating drive shaft and 
with the aid of a system of levers and two joints which 
are vertically slidable parallel to one another, the slid 
ing and locking of the two slidable joints on guide rods 
provided for this purpose enabling the relative times of 
the reciprocating motion to be varied by means of the 
first joint and the relative lift of the piston pump during 
its reciprocating motion to be limited by means of the 
second joint. ~ ~ 

However, the known apparatus is not without disad 
vantages. Whenever the two joints are to be adjusted, 
the pivotable sleeves each forming part of the joints 
must, when released with their ?xtures, slide along the 
guide rods for a suitable distance and then be secured 
in their new positions by means of clamping screws. As 
an increasing number of unskilled workers have to be 
used in the nursing profession, there is the danger that 
the adjustment of the joints may be incorrectly effected 
and that these joints may be insufficiently locked or se 
cured to prevent adjustment during operation, which 
can result in serious damage to the patient. Further 
more, a number of slidably interlocking components 
are used in the known apparatus to convert the rotary 
motion of the drive shaft into the translational move 
ment of the piston rod, which, in the event of inade 
quate lubrication or as a result of inaccuracies during 
manufacture, can lead to sudden jamming and resultant 
.stopping of the respirator with serious consequences 
for the patient. 
Apart from these disadvantages relating to reliable 

operation, it must be considered a disadvantage that 
the known apparatus can only be transported with diffi 
culty owing to its construction and dimensions, thereby 
rendering its use more difficult in rescue vehicles or at 
different places inside a hospital. When electrically op 
erated, the apparatus also requires a high feed rate as 
a result of its mass to be moved so that it is unsuitable 
for battery-operated use, for example under-the seat of 
an invalid chair. 
The problem underlying the invention is therefore to 

provide a transportable artificial respirator which has 
only a low power requirement, is absolutely reliable in 
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2 
operation and which moreover should be lightweight so 
that it can be quickly conveyed by one person. 
This problem is solved in accordance with the inven 

tion in that a four-part linkage with parallel revolving 
'a'xles'is arranged in the power transmission system, in 
which-linkage a first joint is rigidly secured, but is ad 
justable and lockable with its fixture relative to the 
frame, a second joint in which the drive engages is ar 
ranged so as to be freely slidable and a third and fourth 
joint are provided, the latter two each being guided on 
a guide mechanism having a defined guide path, but 
being adjustable and lockable relative to the frame. 
To adapt to individual adjusting requirements, it has 

proved advantageous, according to an embodiment of 
the apparatus of the invention, for the first joint to be 
slidable in a substantially straight line, sliding along a 
guide path extending substantially perpendicular to the 
direction of movement of the movable part of the air 
delivery device‘ being particularly preferred, and more 
over for the‘ third joint to be slidable along a guide‘v path 
extending substantially parallel to the direction of 
movement of that movable part of the air delivery ap 
paratus. 
For trouble-free operation it proved to be advanta 

geous that all the guide paths of the apparatus accord 
ing to the invention have a constant radius and that fur 
thermore the guide paths are adjustable and lockable 
along paths of circular arc form relative to the frame. 

In accordance with another embodiment of the in 
vention it is provided that all the auxiliary devices used 
to move the first and third joints can be locked. 

’ Apractical embodiment of the invention is illustrated 
in the drawings and described in more detail below. 
FIG. 1 showsa'side view of the apparatus according 

to the invention looking on to the power transmission 
system provided between the drive and the air delivery 
apparatus,v 

. FIG. 2a is a schematic representation of the parts of 
the power transmission system which are moved during ' 
each pumping operation, with a predetermined breath 
ltime ratio arid'pump lift and in a selected operative po 
sition, 
FIGS. 2b and12‘c are diagrams showing the transmis 

sion ratios between the driving and driven sides of the 
respirator occurring in the event of a predetermined 
setting of the breath/time ratio and pump lift according 
to FIG. 2a, 
.FIGS. 3a and 31‘ are schematic representations show 

ing the position of each transmission element upon 
maximum opening of the bellows, and 
FIGS. 4a to 4i.are schematic representations showing 

the position of'each transmission element when the bel 
lows are closed. 

As can be seen in FIG. 1, the apparatus 1 consists es 
sentially of a housing 2 with a support frame 3, 
mounted therein and attached to the outer compo 
nents, a pump bellows 4 with a pivotable part 5 and a 
four-part linkage connecting the latter to a driving shaft 
6 of a drive (not shown), preferably in the form of an 
electromotor, and comprising levers (or more pre 
cisely, links) 7, 8, 9, l0 and joints 11, 12, l3, 14 as well 
as a connecting link 15 which connects the driven joint 
12 to a rotating crank arm 16 nonrotatably secured to 
the driving shaft 6. Also mounted in the housing 2 are 
all-the systems (not shown) for producing and monitor 
ing‘ the breathing air mixture, for example, for humidi 
fying or heating the breathing air. 
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The joint 11 is rigidly mounted, but can be adjusted 
relative to the frame 3 by means of a lever 18 which is 
pivotable about an axle l7 and on the free end ofwhich 
the joint 11 is supported. If the free end of the lever 18 
is pivoted, the joint 11 moves in a circular are defined 
by the length of the lever 18 between the pivot axle l7 
and a pivot axle 19. A rod 20 extending from outside 
into the housing is provided for pivoting and locking 
the lever 18, its lower end comprising a threaded sec 
tion 21 which engages with a correspondingly toothed 
section 22 on the end of the lever 18 facing the former. 
The worm drive 21, 22 can be operated with the aid of 
a control knob 23 attached to the upper end of the rod 
20. 
A lever 7 is connected to the joint 11 by means of the 

pivot axle 19, its other end being connected to a pivot 
axle 24 of the joint 12. Also connected to the axle 24 
is a connecting link 15, the other end of which supports 
a pivot axle 25 connected to the rotating crank arm 16. 
The joint 12 is driven by means of the members 15 and 
16. Also connected to the axle 24 is the first end of the 
lever 8, its other end being pivotally connected to a re 
volving axle 26 of the joint 13. This joint 13 is guided 
on a guide mechanism having .a defined path of move 
ment, but being adjustable and lockable relative to the 
frame, said guide mechanism essentially comprising a 
lever 27 and a lever 29. The lower end of the lever 27 
is connected to the revolving axle 26 and its upper end 
to a pivot axle 28 which is arranged at the upper end 
ofa lever 29 pivotable about an axle 30. If the lever 29 
is pivoted about the axle 30, the pivot axle 28 moves in 
a circular arc with the radius of the length of the lever 
29 between the axles 30 and 28. Displacement of the 
revolving axle 26 and therefore of the joint 13 in a cir 
cular arc de?ned as a radius by the lever 27 is also ef 
fected with the displacement of the axle 28. 
A thread 32, arranged at the lower end of a rod 31 

extending from outside into the housing and meshing 
with a toothed section 33 on the lower part of the lever 
29, serves to pivot the lever 29 about the axle 30. The 
worm drive 32, 33 can be actuated and therefore the 
lever 29 and axle 28 pivoted with the aid of a knob 34 
attached to the upper end of the rod 31 on the outside 
of the housing. One end of the link 9 is also pivotally 
connected to the revolving axle 26 of the joint 13, its 
other end being arranged on the pivot axle 35 of the 
joint 14. The joint 14 is also guided on a guide mecha 
nism having a defined path of movement, but being ad 
justable and lockable relative to the frame, because the 
path of movement of the joint 14 which is adjusted dur 
ing operation automatically results from, respectively, 
the position of the pivot axle 26, the length of the link 
9 and the length of the part5 between the pivot axle 35 
and a pivot axle 36, thereby defining the radius of the 
circular arc paths described by the joint 14. 
One end of the lever 10 is flexibly connected to the 

pivot axle 35 of the joint 14, its other end being at 
tached to the part 5 of the bellows 4 pivotable about 
the axle 36. An outlet 37 for the breathing air delivered 
to the bellows is arranged at the end of the bellows 
lying opposite the part 5. 
FIG. 2a shows the parts of the apparatus which are 

set into motion upon each revolution of the driving 
shaft 6 to perform a pumping cycle of the bellows sec 
tion 5. This representation does not show the adjust 
ability of the apparatus, since it is based on an already 
effected adjustment of the breath/time ratio and pump 
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4 
lift. Driven by the rotating crank arm 16 nonrotatably 
mounted on the shaft 6 and by the connecting link 15 
pivotably connected to the arm 16 on the revolving 
axle 25, the joint 12 which is associated with the revolv 
ing axle 24 executes a reciprocating movement with 
every revolution of the crank arm 16, which movement 
is transmitted to the revolving axle 35, rigidly con 
nected to the bellows section 5, via the lever 8, the re 
volving axle 26 of the joint 13 and the lever 9. FIG. 2a 
also shows the pivoting of the bellows section 5 about 
the axle 36 which can be achieved upon a full revolu 
tion of the driving shaft 6 and with the breathing time 
ratio and pump lift at a predetermined setting. The dia 
grams in FIGS. 2!) and 20 show the transmission ratios 
between the driving and driven sides of the apparatus 
occurring upon adjustment of the apparatus forming 
the basis of FIG. 2a. 
The variable adjustment of the pump lift which can 

be achieved by the sliding of the joint 13 by means of 
the lever 29 being pivoted, and the variable setting of 
the breathing time ratio which can be effected by slid 
ing the joint 11 with the aid of the lever 18 can be seen 
in FIGS. 3a to 4i. 

In this connection FIGS. 3a to 3!’ illustrate the posi 
tions of the respective transmission elements upon 
maximum opening of the bellows, and FIGS. 4a to 4i 
the positions of the transmission elements when the 
bellows are closed. The transmission elements 18 and 
29 which are adjustable, but lockable after adjustment 
is effected are shown by broken lines so as to be better 
distinguished from the constantly movable transmission 
elements. For the sake of clarity transmission elements 
which actually overlap in the illustrated operating con 
ditions have been shown as extending parallel to one 
another (for example, the elements 15 and 16 in FIG. 
3a and the elements 27 and 29 in FIG. 4a). In both 
FIGS. 3a to 31' and FIGS. 4a to 41' the ratios between dif 
ferent pump lifts are shown from left to right and differ 
ent breathing time ratios (breathing irregularity) from 
top to bottom. The illustrations reproducing the posi 
tions of transmission elements in the case of maximum, 
medium and minimum lifts or irregularities clearly 
show that the pump lift and breathing time ratio (irreg 
ularity) may be adjusted independently of one another 
with the respirator according to the invention. 
The variable adjustment of the pump lift is effected 

by pivoting the lever 29 about the axle 30 with the aid 
of the worm drive 32, 33 which can be operated by the 
knob 34. If the lever 29 is pivoted about the axle 30, the 
pivot axle 28 mounted on the other end of the lever 29 
describes a circular arc in a direction substantially par 
allel to the direction of movement of the movable bel 
lows section 5. Since the joint 13 and its axle 26 are 
connected to the pivot axle 28 by the lever 27, the piv 
oting of the axle 28 results in movement of the joint 13 
in a circular arc relative to the frame, the radius of the 
circular are being defined by the free length of the lever 
27 between the axles 28 and 26. 
As can be seen in FIGS. 3a to 31', the pump lift, i.e. 

the inclination of the bellows section 5 towards the ver~ 
tical, is at its maximum when the lever 29 is in the posi 
tion of maximum pivoting to the left (FIGS. 3a to 30) 
where the pivot axle 28 mounted on the free end of the 
lever 29 has its minimum spacing from the driving shaft 
6. The position of the lever 29 is illustrated in FIG. 1. 
If the axle 28 is pivoted out of its position described 
above in the direction of the bellows section 5, a me 
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dium lift is obtained according to, FIGS. 3d to~3f and, 

\ upon further pivoting in the direction. of thebellows, a 
minimum lift as shown in FIGS. 3g vto 31'. 
The variable setting of the breathing time ratio or ir 

regularity is effected by pivoting the lever 18 about the 
axle 17 with the aid of the worm drive 21, 22 operated 
by the knob 23. If the lever 18 is pivoted about the axle 
17, the joint 11 and its axle l9 movein a path of circu 
lar arc form in a substantially perpendicular direction 
relative to the frame. As can be seen particularly in. 
FIGS. 3a to 31', the irregularity ofthe lifting movement 
is at its maximum when the free end of the lever 18 and 
the axle 19 are at their uppermost position (FIGS. 3a, 
3d and 3g). The respective times for inhalation and ex 
halation are most clearly distinguished in this position. 
If the lever 18 is pivoted slightly downwardlyout of its 
position described above‘, this results in medium irregu 
larity as shown in FIGS. 3b, 3e and _3h while pivoting of 
the lever 18 into the lowest position of the axle 19 
causes minimum irregularity as shown in FIGS. 30, 3f 20 
and 31', in which case the inhalation and exhalation 
times are of equal length in practice. The lowest posi 
tion of the lever 18 which causes minimum irregularity 
in‘the pumping action is shown in FIG. '1. I 

' FIGS. 3a to 41' clearly‘ show that the pump lift and 
breathing time ratio may be independently adjusted by 
corresponding pivoting'of the velements-29 and 18, re 
spectively, in which case it is of particular importance 
that some transmission elements, such as certain levers 
and certain axles or joints, overlap in given operating 
conditions. As already-mentioned, the overlapping of 
variouslevers was illustrated in FIGS. 3a to 4'!’ by show 
ing corresponding levers extending parallel to one an 
other. In order to‘show the overlapping of 'various joints 
clearly in the said figures,‘theoverlapped- joint or axle 
has therelevant reference‘nu'r'neral' in brackets. 
. Thus FIGS. 4a. to 41' show that the transmission ele 
ments 7 and 18 as well as 27 and 29 andv the axles 24 
and 17 as well as 26 and 30 overlap-when the bellows 
are closed. When considering the said figures, it should 
therefore always be noted that the axles l7 and 30 are 
rigid (?xedly located with respect to frame 3), whereas 
the axles 24 and 26 are movable. 
The independent setting of irregularity (breathing 

time ratio) and pump lift is described below with the 
aid of two examples: ' 

1. As mentioned above, the levers 27 and 29 overlap 
when the bellows are closed. If the lever 29 determin 
ing the pump lift is then adjusted, only the lever 27 is 
moved by the permanently movable transmission ele 
ments. If the apparatus is set in operation again after 
pivoting of the lever 29, only a different pump lift is ap 
parent and not a changed breathing time ratio. 

2. As also described above, the levers 7 and 18 also 
overlap when the bellows are closed. If the lever 18 
which determines the breathing time ratio is then piv 
oted, only the lever 7 is moved by the permanently 
movable transmission elements. If, after pivoting of the 
lever 18, the apparatus is set in operation again, only 
a different breathing time ratio is apparent, and not a 
different pump lift. 

In the embodiment shown in FIG. 1, the levers l8 and 
29 are arrested by the worm drives 21, 22 and 32, 33 
which, in design, are self-locking and free of 'play. To 
eliminate the possibility of the selected apparatus set 
ting being adjusted by unauthorized persons, manual 
controls, for example knobs, can also be provided di 
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6 
rectly on the adjusting levers l8 and 29, to be used only 
for adjustment, while the locking action'is-effecte'dby 
means of wing nuts and bolts which move slidably 
through slots provided in the frame 3. The levers l8 
and 29. can be clamped on the frame with the aid of 
these wing nuts and bolts. However, such a solution 
would have the disadvantage that the front wall of the 
housing would have-to_.be previously removed. The 
worm drives are therefore preferred where no unautho 
rized adjustment of the apparatus is likely, whereas in 
a case where unauthorized adjustment cannot be ex 
cluded, adjustment in thehousing‘would appear to be 
advantageous. ' I - ‘ ' I claim: ~ 

1. Apparatus for arti?cial respiration comprising a 
rigid frame, a breathing air delivery'apparatus having 
a movable part, a drive, an adjustable and ?exible 
power transmission system interconnecting and ar 
ranged for intermittently driving said movable 'part 
from said drive, said transmission system including a 
fourpart- linkage having plural joints with parallel pivot 
axes, said linkageincorpo'rating a'?rst said joint which 
is rigidly.mounted,.but adjustable-and lockable, relative 
to the frame, a second said joint engaged by the drive 
and freely movable thereby, ‘a guide mechanismv having 
a defined path of movement, but being adjustable and 
lockable, relative to thelframe and third and fourth said 
joints guided on the guide mechanism, the interconnec 
tion of said transmission system to said movable ‘part 
including said fourth joint. ‘ ' ' ~ V 

1 2.‘ Apparatus as claimed in claim I, in which the path 
of adjustment‘, relative to the frame, of the first joint is 
arcuate. ‘ a ' _ 

3.- Apparatus as claimed in claim 1, wherein the guide 
mechanism has a, guide path of constant radius, said 
third joint being'constrainedtomovement along said 
guide path by said guide mechanism. ‘ 
'4. Apparatus as‘ claimed in claim 3,‘in which the 

guide mechanism provides a plurality‘ of guide paths ‘al 
ternatively selectable by ‘said adjustmentv and locking 
thereof relative tothe'frame, said guide paths being of 
circular arc form. 

5. Apparatus as claimed in claim 1, in which the 
driven second joint is guided along a guide path defined 
by said drive and the portion of said. linkage coupling 
.said ?rst and second joints. 

6. Apparatus as claimed in claim 2, in which a tan 
gent to said arcuate path of adjustment of the ?rst joint 
is substantially perpendicularly intersected by a tangent 
to the direction of movement of the movable part of the 
air delivery apparatus. 

7. Apparatus as claimed in claim 3, in which said 
guide path, along which the third joint is movable, has 
a tangent which extends substantially parallel to a tan 
gent to the direction of movement of the movable part 
of the breathing air delivery apparatus. 

8. Apparatus as.claimed in claim 1, in which the 
mounting of said ?rst joint comprises a lever pivotable 
about an axis fixed with respect to the frame for adjust 
ably moving the ?rst joint, the ?rst joint de?ning a 
pivot axis on the free end of said lever. 

9. Apparatus as claimed in claim 8, including means 
for locking said lever at a desired position within its piv 
oting range. - 

10. Apparatus as claimed in claim 1, in which said 
guide mechanism comprises a lever pivotable about a 
pivot, the location of which pivot is adjustable and 
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lockable relative to the frame, the third joint defining 
a pivot axis on the‘ free end of said lever and thereby 
movable through an arc of radius centered on said 
pivot of said lever. 

11. Apparatus as claimed in claim 10, in which said 
guide mechanism includes a further lever having a free 
end carrying said pivot, which further lever is pivotable 
about an axis fixed with respect to the frame, said fur 
ther lever being lockable against pivoting about said 
fixed axis. 

12. Apparatus as claimed in claim 10, in which said 
movable part of said apparatus is pivoted with respect 
to said frame and connected to said fourth joint, the 
fourth joint being movable in a circular arc of radius 
determined by the separation between the pivot axis of 
the movable part and the connection between the 
fourth joint and movable part. 

13. Apparatus as claimed in claim 12, including a 
lever member fixed to said movable part and pivotally 
connected to the fourth joint. 

I 14. Apparatus as claimed in claim 1, in which said 
drive includes a connecting element and a rotatably 
driven crank, wherein one end of the connecting ele 
ment is pivotably connected to the second joint, its 
other end being ‘connected to the free end of said rotat 
ing crank. 

15. Apparatus as claimed in claim 1, in which said 
linkage includes ?rst, second and third links respec 
tively connecting said first, second, third and fourth 
joints in series for relative pivotal movement thereon, 
said apparatus including a first adjustable lever pivoted 
at one end of said frame and carrying said first joint on 
its free end, first adjustment and locking means con 
nected to said ?rst adjustable lever and actuable for al 
ternatively pivotally relocating said first adjustable 
lever and first joint and locking same in fixed location 
with respect to said frame, whereby to adjust the 
breathing time ratio of the apparatus, said drive includ 
ing a rotatable shaft, a crank arm ?xed to the shaft, and 
a connecting link pivotally interconnecting the free end 
of said crank arm with said second joint, said guide 
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8 
mechanism including a second adjustable lever pivoted 
at one end on said frame, a guide lever pivotally inter 
connecting the free end of said second adjustable lever 
with said third joint, and further adjustment and lock 
ing means connected to said second adjustable lever 
and actuable for alternatively pivotally relocating same 
and locking same is fixed location with respect to said 
frame, whereby to adjust the amplitude of movement 
of said movable part independently of adjustment of 
said breathing time ratio. 

16. Apparatus as claimed in claim 15, in which said 
links define adjacent oppositely opening angles, vari 
able during operation. at said second and third joints, 
the path of said second joint lying adjacent said pivoted 
one end of said first adjustable lever, the path of said 
third joint lying adjacent said pivoted one end of said 
second adjustable lever. 

17. In a respiration apparatus having a frame, a drive 
stationarily positioned with respect to said frame, an 
adjustable transmission incorporating a linkage, a bel 
lows pump including a movable part driveable through 
said adjustable transmission, said linkage having an end 
member hinged to said movable member, wherein the 
pump lift of the pump is changeable by adjusting the 
linkage, the improvement comprising: 

a first joint at the start of said linkage and means nor 
mally supporting same stationarily, but for alterna 
tive positional adjustment and securement, relative 
to said frame; 

a second joint adjacent said ?rst joint and a link 
member interconnecting said ?rst and second 
joints, said second joint being coupled to said drive; 

a third joint interposed in said linkage between the 
second joint and said end member; 

guide means alternatively adjustable and securable 
with respect to said frame and a guide member car 
ried by said guide means and guiding motion of said 
third joint, the distances between all adjacent joints 
being nonchangeable. 

* * * * * 


