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1 '

o Tfhls mventlon TEI&UBS £0 1mpr0ve*nents in an |
'_'_j'fartlﬁclal breathmg machine. .
~ One of the objects: of the present mventmn is

10 - prtmde artificial means for 1eproducmg the -
- pressure. patter:a of an inhaling-exhaling cyc"a

:}

- of ‘the ‘human lungs in connection with a gas or

- . anesthesia machine used to maintain the opera-
 tion-of a patlent’s lungs whlle on a.n operatmg -

~ “table or the like. o _
- ‘Another ‘object of the plesent mventmn is to
- provide an artificial ‘breathing ‘machine com-
- prising-a flexible bag ‘having an outlet to a lung-

~connected system -and including means for posi-
- tively contractmg and expandlnﬂ the bag by

-means of a ‘cam which reproduces the pressure -
| - pattern of a typmal mhalmg e‘;hah ng - cycle {}f |
- the human lungs. )

‘Another object ‘of t'he presenu 1nver1t1on is the

lungs

~In the drawmgs—-— o

- Fig. 1isa sectional vz.aw taken genel ally alonﬂ'
o the lines 'I—1 of Figs.’2 and 3 with parts bmken -

away to more clearly show the construction;

Pig.:2 isa transvm se aectlonal V:l.ew taken along |

'jthe lme 2—2 of Fig. 1; while

- Fig. 3 ig'a transverse: sectional view tala:en alﬂng |
o ;the line 3—3 of Fig. 1 with parts broken away m. |

'_-mnre ¢learly show the structure.

an artificial breathmg machine
- adapted to reproduce the normal breathmg cycle <
- of the human Tungs and mcludmg ‘means for -
driving the mechanism &t various rates so ag to
--coordmate the action of the machme Wlth the .
~desired action of the patient’s o
- . Other objects and advantages of the present‘-
- invention will be-apparent from the accompany-
- 'Ing drawings and description and the essential
features will be set fmth m the appended clalms

30

My lmproved art1ﬁc1a1 brﬂathmg machme 15 |

:_anown in an embodiment demgned for use with a

standard-gas or anesthesiag machine of a known

Applmatmn September 20 1959 Senal NG. 185 756
(C!. 69-—-62 6) |

2

For mounting ‘the improved mechanism: of the .
| plﬂsent invention T provide a base 13 formed of

suitabie structural ste¢l members welded together

‘and supported on legs (8 which contain casters

for portability. ‘Across: the central portion of the

base there is fixed a hammntally extending plate
15 as c.learly shown in Figs. 1 and 3. Two ver-

tically extending plates 16, 18¢ are supported at

_ opposite sides by means-of the vertical structural
“angles 17 welded to the plates 18, 18a.

Angles 1T
are welded to plate 15 at the bottam “A U-shape

bracket {8 as best seenin Figs. 1 and 2, is bolted
‘to the angles 17 and is-secured to the Atting 14

previously mentioned so as to support it rigidly. '
The upper end of the vertical frame 15—17 is

‘braced by means of a'structure which comprises-a

strap i9 rigidly connected at its lower end to the
- base {3 -and extending upwardly along the left -

“side of the machine as shown in the various views,

then bending horizontally along the portion Iﬁa

at the top of the machine, which portion is rlgldly
secured to a crosshar 26 Wth”l in turn is rigidly
secured to the parallel arms 21, which in turn are
welded to the upper ends of tﬂe angles {7 and the
‘plate 1§. The entire machine is surrounded by a
- cabhinet 22 and between this cabinet and. ‘the

various portions of the frame there are mterposed
spacer blocks 23, each of which comprises g metal

 piece £8¢ on each side of which theére is o layer

of rubber-like material 23b so that vibration of
the machine will not be reproduced in the walls

of the cabinet. Tach of the blocks 22 s secured

- to the frame by means of & ‘bolt or other secur- |
- ing'meansnot shown.

a5

Abutiments are furmshed abov.... and below the

-ﬂemble bag 10 with means for causing relative
'a'apraach and separatmg movement of these abut-

- ments so as to control the movement of the bag.

Inthe present instance, above the bag {8 there is

40
‘character wherein a cloc.-ed system includes the

~“lungs of the patient, a source of supply for air or

a mixture of air and oxygen with or without the
-addition of anesthetic agents, and generally in-
- cluding a soda-lime chamber for the absorption
- of carbon dioxide from the closed system. Such
2 system is substantially closed even though the -

udl‘lr

| pmwded a fixed ahutmept 24 comprising a cir-

netal plate naving a fixed central stem 25
which passes umvardly through a bracket ‘26

which in turn isbolted at 27 to the piate 6. Be-
low the bag 19 there is a movahle abutment 28

45

comprising a round plate fixed to a depandmg'?

stem 29 which is supported in a suitable bracket

tracheal tube in the patient’s wmdplpe is sealed

by means of a cuff and slight leakage might take
o __place there. The flexible bag {9 of the present.
- machine has its scle outlef 1 through a fitting

connected with: tubmg {2 which connects with the
closed system above deseribed including the pa-~
“tient’s lungs. Normally, the tubing 12 is con-
jnec‘ted to the bottom of the sodamlune chamber

50

30 which is bolted to plate 16a &t 31.

Suitable
baarmgs 32 are provided in the bracket 38 to sup-

‘port the stem 28 for relatively frictionless move-

ment, On the lower end of stem 29 is rotatably

:mﬁunted. a Iplio War 33 fora pul pose presently to

- he described.

~ For securing the. advantages of pasﬁme move-
ament ¢f the bag 19 as will be presently described,

.15 We prefEr to secure the bag IB to the ahlitments




a3

24 and 28 in a positive manner. Each abutment

" is provided with a flexible covering 24a and 28a

2,620,227

~respectively covering the side of the abutment

- adjacent the bag and extending over onto the op-

 posite side of the abutment for security. Where

the bag 10 is of rubber-llke material, the cover-
ings 24a and 28a are of similar materia]l which is

bonded or vulcanized to the flexible bag 18 over
the area of the respective abutments.

As best seen in Figs. 1 and partly breken away_
- in Fig. 3, diagonal braces 34 and 35 extend up-
wardly from the base 138 to the plate 162 approx-

10

- imately opposite the top of the bracket 80 so as
to firmly support the bracket 38 and the at-

tendant mechamsm for operating the bag. These
braces are Welded to the parts at their epp031te
- ends so as to make the entire structure rigid.

The means here provided for reproducing the

15
-~ bottom and 585 at the top.

pressure pattern of an inhaling-exhaling cycle of

the human lungs comprises a cam 36. This cam

~ _ is shown in Fig. 1 in the position where abutment

28 and stem 2§ and follower 33 are in their lower-

most position and means to be later described is

prov1ded for rotating the cam 36 in the direction

- of the arrow A of Pig. 1 whereby the cam en-

20

B

. -
. L . - .
" .

o and forth in a honzontal direction as seen in F1g
1 s0 as to cause the V belt 41 to ride in various

positions with respect to the center of pulley 39 in

“a known manner so as to vary the speed with
- which motor 28 drives the pulley 42. To this end,

the motor 38 is mounted on a base 4% which in
turn is provided with brackets 48 embracing two

guide rods 47 secured to brackets 48 on the base
£3. A screw 49 is threaded into bracket 46 and

“mounted for rotation in a bearing 50 on one of
‘the brackets 48. The other end of the shaft hav-
- ing the thread 48 has mounted thereon a bevel

gear 51 which meshes with bevel gear 52 mounted

on vertical shaft 13 for rotation therewith. This -

vertical shaft has bearings in brackets 54 at the
Bracket 54 is bolted to -
strap 19 and oracket 59 is supported in the strap
portion (8a. The upper end of shaft 53 is sup-
plied with a hand wheel 56.

- is rotated in its receiving bracket 46 so as to cause

~ gages the follower 33 to lift the stem 29 and abut-

o ment 28 to the dot-dash position of Fig. 1 so 2.5
- tocompress the flexible bag 10. |

“The cam 38 must be constructed v'ery car EfUHJ .

= 'so as to reproduce the natural action of the
‘The cam is attached to a shaft 31

and is rotated in the direction of the arrow A as
- previously mentioned. Starting at the position
of Fig..1, the cam very shortly contacts the fol-

is s0 chosen as to size-and the Streke of the abut-

~ ment 28 is so designed, along with the other fac-
tors of the gas machine, so that when the abut-
-ment 28 is moved to the ‘ot~ dash position of Fig.
1 there is created in the patient’s lungs and the

~ closed system connected therewith & pressure of
~around 15 millimeters of mercury or slightly less.
- The arrangement is such also that when the parts

“human lungs.

lower 33 at approximately the point B. The con-

 tinuing motion then raises the stem 28 and abut~
-ment 28 as the cam traverses the portion from
“the point B to the point C. This bag compressing -

operation ta,};e's approximately 180 degrees of cam
movement. 'That portion of cam 38 between
points C and D is on an arc about the center of

' - shaft 3T and therefore during this period of cam

- travel the flexible bag {0 remains stationary in the

dot-dash position of Fig, 1. Cam travel from the
point I to the point & results in the- lowemw of

abutment 28 and stem 29 from the dot-dash posi-
tion of Fig. 1 to the full line position. - It will be

30 -
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- noted that thls expansion of the bag 19 is allowed
to occcur much more rapidly than the eontraction

of the bag which occurs between the points B and.

o)

- C on the cam. This bag expansion operation -
takes approximately 30 degrees of cam movement

from D to H for slow expansion, and approx-
imately '75 degrees of cam movement from H to B’

for sudden expansion movement. The cam trav-
erses the angle F between points C and D which is
~approximately 75°. Counting a few degrees on
each side of the pointg C and D where very little
‘motion of abutment 28 takes place, the result is

~ that the fiexible bag {0 remains in its contracted

or dot-dash position for apprommately one-

- quarter of the complete cycle. _
| - Means is provided for rotating the cam 26 con-
- stantly so as to repeat the cycle described above.

In the present instance, this means comprises an
‘electric motor 38 which drives a V-shape pulley

39 which is of a known type made in two halves

this duty.

‘the motor base 4% to move horizontally along the
jsupportmg rods 47.

“As prevlously mentioned,
this is a known manuer of causing the V belf 41 to

- change its position relative to the center of pulley

39 so as to change the speed mth Whlch motor

38 drives the pulley 42.

Preferably, the movable'bese of motor 38 is pro-
vided with an_mdzcetmg arm 57 extending to a

point above a plate 58 on top of the cabinet. This
plate is calibrated in terms of respirations per

minute so that the machine may be readily ad-
justed for the number of resplre,tmns per m111ute R

which are desired.

It should be understcod that the ﬁemble bag IU

are in the full line position of Fig. 1 the pressure
in the closed system including the petlent’s lungs

- drops to akout zero or even to a suction of a few
millimeters of mercury. Motor 38, pulleys 39 and
42 and reduction gearing 44 are so chosen that the

motor may be set to drive cam 35 to produce the

numbper of respirations per minute required for
Normally this would be from about 14 -

to about 28 respirations per minute. Normally an '

adult will be given about 16 to 18 respirations per

- minute on this machine with children a little bit '

55

60

higher in the 11e1gnbe1nood of 20 1o 22 lespne- .

‘tions per minute.

The operatmn of our 1mp10ved machme should
now be readily understood. With the tubing 12
connected to the gas machine as previ lously de-
scribed, the machine

- "The hand wheel 56 is set to provide that number

yieldably urged toward each other by a spring in

the housing 40. AV belt 41 connects pulley 39 to

"a pulley 42 which in turn is connected to the mput

- shaft 43 of a speed reducing gearing in housing
~ 48; The shaft 31, previously mentioned, is the

output shaft for this reduction gearing and on

it is secured cam 36 for rotation with shaft 31.
I Meens 1s prowded for movmg motor 33 back

15

cording to the patiern of the cam 28,

‘of respirations per minute required by the patient
under consideration. . The bag 18 will then be

given regular expansions and contractions ac-

will first be filled slowly, then held filled for ap-
proximately 25% of the cycle and then more
rapldly allowed to cellepse or'exhale, | |
As an iliustration of a cam adapted to 1epro-
duce a suitable action in the human lungs, I may
state that the cam 26 has a periphery from B to
C comprising the arc of a circle of 23 inches

.redms about the center &G. From C to D the cam

15 conetructed on 3 radluS of 3% mches about the |

By turning hand '
~wheel 56 when motor 38 is running, the screw 49

is set in motion by a supply
of electricity to motor 38 from a source not shown.

The lungs
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center lme of shaft 31 From D to H. the cam has '

~ anarc of about 1% inches radius about the center
' J and the points H and B’ are connected by a

straight line.

~ Iprefer to allow the follewer 33 to clear the cam
36 slightly in the full line position of the parts in

~ Fig. 1 so as to be certain that the bag 10 is fully -
- expanded at this point.
- 29 and connected parts are sufficient to return the
10
tion to the full line position of Fig. 1. A spring
. might be provided to aid in this movement if de-
.~ - sired. However, there is normally a residual pres-
.. sure in the gas machlne which aids in moving the.
. bag 10 toward the full 11ne posmlon of Fig. 1.

The weight of the stem

flexible bag downwardly from the dot-dash posi-

“What I claim is:

below said ,beg, said upper abutment is relatively

fixed. means- mountmg said lower abutment for

vertlcal movement including a bar extending
downwardly, X! bearing embracing said bar, and
said cam engaging the lower end of said bar.

5. The combination of claim 1 including con-

- trol means operatively connected with said drive
means for settmg the latter at any one of various

speeds.. | -

6. In an artlﬁcml bree,thlng machine comprls-
ing a flexible bag, and relatively movable abut-
ment mee_;ns engaging said bag on opposite sides

“to compress and expand said bag, the combina-

15

1. An artificial breathmg maehme cemprlsmg a

'ﬂe:-nble bag having an outlet, a frame, a pair of

~ abutments on said frame on opposite sides of said =

bag, means mounting at least one of said abut-

| 20
- ments for movement toward and away from the
other of said abutments, a cam having an opera-

tive connection W1th said movable one of said

abutments, drive means operatlvely connected

~ with said cam for rotating it, and said cam hav-

~ ing a contour controlling movement of said bag -
- to reproduce in said system the pressure pattern

of an inhaling-exhaling cycle of the human lungs.

tion therewith of a cam rotatable continuously in
one direction and operatlvely connected with one

of said abutment means and controlling move-

~ment of said bag, said cam having a portion for
compressing sald bag steadily through approx-
~imately 180 degrees of cam travel, said cam hav-

ing a next succeeding dwell portion for approx-~

-imately 75 degrees of cam travel, said eam having
“a next succeeding portion for permitting expan-
sion of said bag through approximately 105 de-

. grees of cam travel, said last named portion being

25

2. The combmatmn of eclaim 1 wherein sald-'

abutments are secured to said bag, and means is

~acted upon by gravity to cause relative separation
- of said abutments, whereby to induce an exhal-

. ing effect when said outlet is connected W1th aﬁ-
~ patient’s lungs.

30

provided for causing movement of said movable

- abutment away from the other of said abutments,

) whereby to induce an exhaling effect when saldr |
: '.outlet is connected with a patient’s lungs.

- 3. The comblnatlon of claim 1 wherein sa,id-

abutments are secured to said bag, and a weight

is connected with said movable abutment and S

35

40

4, The cembmatlen of clann 1 wherein S&ld |

formed to first permit slower expansion and to
later permit faster exmnsmn and means for ro-
_tatmg sald cam,

KENNETH B. WOLFE.
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