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3,086,528
INTERMITTENT VACUUM REGULATOR
Francis J. Eichelman, Brookfield, Ill., and Eldridge H.
Smiley, Los Amngeles, Calif., assignors to Chemetron
Corporation, Chicago, Ill,, a corperation of Delaware
Filed Jan. 26, 1959, Ser. No. 789,012
6 Claims, (ClL 128—276)

This invention relates to a vacuum controiling device
and, more particularly, to a new and improved intermit-
tent vacuum regulating unit for alternately connecting a
vacuum operated device to a vacuum source and the at-
mosphere.

In the post operative care of patients following gastro-
intestinal surgery, it is often necessary to provide drainage
from the stomach or the iniestine by the use of Levine or
Miller-Albot tubes. These tubes are generally connected
to a boitle to which different levels of vacuum are alter-
nately applied from a vacuum pump or line so that the
drainage is collected in the bottle. However, if the vac-
uum bottle is elevated above the area to be drained and is
alternately connected to vacuum and to the atmosphere,
the back flow of drainage when the bottle is connected to
the atmosphere serves to move obstructions from the
catheter and thus facilitates the continuous removal of
drainage. This alternate connection of the vacuum botile
is preferably accomplished by the insertion of an inter-
mittent vacuum regulator unit between the vacuum source
and the bottle.

Accordingly, one object of the present invention is to
provide a new and improved intermittent vacuum regu-
lator unit.

Another object is to provide a completely self-contained
vacuum interrupter unit of a compact and easily fabri-
cated construction.

Another object is to provide a new and improved
method of removing drainage from a patient,

Another object is to provide a vacuum interrupter unit
including new and improved means for providing the
necessary passageways for connecting the various com-
ponents of the unit.

Another object is to provide a vacuum interrupter unit
including new and improved valve means for alternately
applying a vacuum pressure and atmospheric pressure to
the drainage system and means for operating the valve
means.

A further object is to provide a vacuum interrupter
unit including both valve means for alternately connecting
a vacuum bottle to the atmosphere and to vacuum and
control means for adjusting the length of one or more
portions of the cycle of operation of the valve means.

A still further object is to provide a self-contained vac-
uum interrupter unit including plural stage vacuum regu-
lating means.

In accordance with these and many other objects, an
embodiment of the invention comprises a new and im-
proved intermittent vacuum regulating or I.V.R. unit
which is interposed between a vacuum line or pump and
a vacuum bottle connected to a drainage tube from a pa-
tient. The I.V.R. unit, which is compact and completely
self-contained, includes an inlet connected to the vacuum
line and an outlet connected to the vacuum bottle. To
provide means for alternately connecting the vacuum bot-
tle to the atmosphere and a vacuum line, the unit includes
a valve assembly having three ports, a first of which is
connected to the interrupter outlet through an outlet vac-
uum regulator and a second of which is connected to the
interrupter inlet through an inlet vacuum regulator. In
one setting of the valve assembly in which these two
ports are in communication, vacuum is applied to the
bottle through the inlet and outlet vacuum regulators. In
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another setting of the valve assembly, the first port is con-
nected to the atmosphere so as to connect the vacuum
bottle to the atmosphere,

To provide means for shifting the valve assembly be-
tween these two alternate positions, a vacuum actoated
motor is provided comprising a sealed housing in which
is disposed one portion of an oil filled bellows assembly.
The bellows assembly is connected by a pivoted over-
center linkage to a shiftable element of the valve assem-
bly. The sealed housing is connected to the third port
of the valve assembly so that, when the first two ports are
in communication to apply vacuum to the bottle, the third
port connects the interior of the housing to the atmosphere.
This permits svitable resilient operating means connected
to the linkage to contract the portion of the bellows as-
sembly contained within the sealed housing so that the
valve assembly is shifted to its other position in which
the vacuum line is disconnected from the vacuum bottle
and connected to the sealed housing. In this second posi-
tion, the interrupter outlet and the connected vacuum
bottle are placed in communication with the atmosphere.
The application of vacuum to the sealed housing causes
the extension of the portion of the bellows assembly con-
tained within the housing so that the linkage shifts the
valve assembly to its original position in which the hous-
ing is again connected to the atmosphere and vacuum is
again applied to the bottle. This intermittent operation
contines until the vacuum source is disconnected from
the inlet to the LV.R. unit.

In order to insure that the bottle is returned to atmos-
pheric pressure following each application of vacuum
thereto, the LV.R. unit includes means for adjusting the
length of the portion of the unit operating cycle during
which the bottle is connected to the atmosphere, The
inlet regulator can be adjusted to apply varying degrees
of vacuum to the sealed housing so that the length of time
required to operate the valve means from the position in
which the bottle is connected to the atmosphere to the
position in which the bottle is connected to vacuum can
be varied. Since the time required to operate the valve
means to its alternate position following the connection
of the sealed housing to the atmosphere is fixed by the
mechanical constants of the bellows assembly and the
resilient operating means, for instance, the adjustment of
the period during which the bottle is connected to the at-
mosphere effectively controls the total length of the entire
operating cycle. Although the period during which the
bottle is connected to vacuum is normally fixed by factory
adjustment, the LV.R. unit also includes means for ad-
justing this portion of the cycle. By the provision of the
vacuum regulator in the outlet for the unit, the degree
of vacuum applied to the bottle and the drainage tube
extending to the patient can be suitably adjusted. Thus,
the LV.R. unit of the present invention is completely self-
contained and does not require additional regulating and
control apparatus.

In accordance with another feature of the present in-
vention by which the LV.R. unit is reduced in physical
size to facilitate its manipulation in those applications
in which it is mounted directly on the vacuum bottle
rather than on a supporting wall or bracket, the various
passageways for interconnecting the vacunm motor, the
valve assembly, and the vacuum regulators are provided
by a single manifold plate. This plate is provided with
spaced recessed areas and is secured to a flat surface of
a base plate on the other side of which the various regu-
lating and operating components of the interrupter unit
are disposed. Thus, all of the necessary fluid or vacuum
conveying means in the unit are provided by merely
drilling holes through the base plate to the various hous-
ings for the regulators, motor, and valve, and then dis-
posing the manifold plate on the flat surface of the base

Penumbra, Inc., Ex. 1019, Page 4 of 9
Penumbra, Inc. v. RapidPulse, Inc.



3,086,528

3

plate with the recessed areas in communication with dif-
ferent ones of the holes. This materially reduces the cost
of fabricating the interrupter unit and reduces the physical
size thereof.

Many other objects and advantages of the present in-
vention will become apparent from the following detailed
description when considered in conjunction with the draw-
ings in which:

FIG. 1 is a schematic view of an intermittent vacuum
regulator unit embodying the present invention shown
in a position in which the vacuum bottle is connected
to the vacuum source;

FIG. 2 is a schemaitc view similar to FIG. 1 showing
the vacuum interrupter unit in a position in which the
vacuum bottle is connected to the atmosphere;

FIG. 3 is a top plan view of the interrupter unit with
a cover therefor broken away;

FIG. 4 is a side elevational view of the interrupter
unit with the cover removed;

FIG. 5 is an end elevational view of the interrupter ¢

unit with the cover removed;

FIG. 6 is an enlarged sectional view taken along line
6—6 in FIG. 1 showing a pair of vacuum regulator as-
semblies;

FIG. 7 is a plan view of a manifold plate included in
the interrupter unit;

FIG. 8 is a sectional view taken along line 8—38 in
FIG. 1 showing a valve assembly; and

FIG. 9 is a sectional view taken along line 9—9 in
FIG. 1 showing a vacuum maotor.

Referring now to FIGS. 1 and 2 of the drawings, there-
in is shown an intermittent vacuum regulator or LV.R.
unit, indicated generally as 10, having a base plate 12
on which the various components of the unmit are

mounted. An outlet line 14 connects the unit 10 to the j;

vacuum inlet of the vacuum bottle, and an inlet line 16
connects the unit 10 to a vacuum line or pump. An out-
let vacuum regulator assembly, indicated generally as 18,
which is mounted on the base plate 12, is connected to
the line 14 to provide means for adjusting the degree of
vacuum applied to the vacuum bottle. An inlet regulator
assembly, indicated generally as 20, which is also mounted
on the base plate 12 is connected to the interrupter inlet
line 16 to provide a means for adjusting the length of the
period during which the bottle is connected to the atmos-
phere. The outlet line 14 is alternately connected to the
atmosphere and the inlet line 16 by means of a valve
assembly 22.

This valve assembly includes a valve block 24 having

three ports 26, 28 and 30. The ports 26 and 30 are

alternately placed in communication with the common
port 28 by a valve slide 32 which is slidably mounted
on the valve block 24 and which includes a recess 32a
for bridging different pairs of the ports 26, 28 and 30.

The port 26 is connected to the regulator 18 by a passage- |

way 34. The common port 28 is connected to the inlet
vacuum regulator 20 through a passageway 36. When
the valve slide 32 is in the position illustrated in FIG. 1,
the vacuum lire is connected to the vacuum bottle through
the inlet line 16, the vacuum regulator 20, the passage-
way 36, the port 28, the recess 32a, the port 26, the
passageway 34, the regulator assembly 18 and the outlet
line 14. Conversely, when the LV.R. unit 10 is operated
to the alternate position shown in FIG. 2, the vacuum
bottle is connected to the atmosphere through the inter-
rapter outlet line 14, the regulator assembly 18, the pas-
sageway 34, and the port 26.

To provide means for operating the valve assembly 22
by shifting the valve slide 32 relative to the valve block
24, a fluid operated motor, indicated generally as 38, is
mounted on the base plate 12. The motor 38 comprises
a sealed housing 40 which is connected to the port 30
in the valve assembly 22 through a passageway 42. A
first bellows element 44 mounted within the housing 40
and a second bellows element 46 disposed externally of
the housing 40 are suitably filled with a somewhat vis-
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cous and non-compressible medium, such as oil, and are
placed in communication with each other through a re-
stricted orifice 48. The bellows elements 44 and 46 are
alternately contracted and expanded by the intermittent
application of vacuum to the interior of the housing 40
and by the application of a spring force to the bellows.

To provide means for transmitting the movement of
the bellows elements 44 and 46 to actuate the valve as-
sembly 22, a crank 50, which is pivotally mounted on the
base 12 by a supporting post 52, is pivotally connected at
one end to the bellows element 46 and is pivotally con-
nected by a slide arm 54 o the valve slide 32. A tension
spring 56 connected between the base plate 12 and the
crank 50 normally moves the valve assembly 22 and the
vacuum motor 38 to the position shown in FIG. 2. A
tension spring 58 connected between the crank 50 and
the slide arm 54 provides an over-center arrangement
which tends to hold the valve slide 32 in the two alter-
nate positions illustrated in FIGS. 1 and 2. In these
positions, the opposite ends of the slide 32 engage a pair
of stop elements 60 and 62 carried on the plate 12. A
stop 64 on the plate 12 limits movement of the crank
50 when the unit 10 is not in use.

When the LV.R. unit 10 is to be placed in operation
and assuming that the unit 10 is in the position illustrated
in FIG. 2, the vacuum applied to the inlet line 16 extends
through the regulator assembly 20, the passageway 36,
the port 28, the recess 324, the port 30, and the passage-
way 42 to the interior of the housing 4% The reduced
pressure condition produced within the housing 40 ren-
ders the atmospheric pressure acting on the exterior bel-
lows element 46 effective to compress this element and
to force the viscous medium within the element 46 through
the restricted orifice 48 into the bellows element 44, there-
by extending this element. The compression of the ex-
terior bellows element 46 pivots the crank 50 in a clock-
wise direction around the post 52 to the position illus-
trated in FIG. 1. In doing so, the crank 50 and the slide
arm 54 shift the valve slide 32 out of contact with the
stop 62, through the center position, and into contact
with the stop 60. In this position, the recess 32a inter-
connects the ports 26 and 28 so that vacuum is applied
from the line 36 through the passageway 34 and the vac-
wum regulator assembly 18 to the outlet line 14. Thus,
vacuum is now applied to the vacuum bottle.

When the valve slide 32 moves to the position illus-
trated in FIG. 1, the port 30 is opened to the atmosphere
to equalize the pressure within the housing 40. This
equalization of the pressure permits the moter spring 56
to pivot the crank 50 in a counterclockwise direction so
that the element 46 is extended and viscous fluid is forced
through the restricted orifice 48 into the exterior bellows
element 46. When the crank 50 moves in a counter-
clockwise direction, the slide arm 54 moves the valve
slide 32 out of contact with the stop 60, through the cen-
ter position, and into contact with the stop 62 (FIG. 2).
In this position, the passageway 34 and the regulator 18
connect the vacuum bottle to the atmosphere, and vacuum
is again applied to the interior of the housing 40 to oper-
ate the motor 38 so that the valve assembly 22 is operated.
This intermittent operation of the valve assembly 22 alter-
nately connects the outlet line 14 and the vacuum bottle
to the atmosphere and to the vacuum supplied at the inlet
line 16.

To provide means for adjusting the length of time that
the bottle is connected to the atmosphere and thus the
total length of each operating cycle of the unit 10, the
inlet regulator assembly 20 can be adjusted to apply dif-
ferent levels of vacuum to the sealed housing 40. The
varying pressure differentials produced across the bellows
elements 44 and 46 determine the length of time required
for the unit 18 to move from the position shown in FIG.
2 to that shown in FIG. 1 and thus determine the length
of time that the vacuum bottle is connected to the atmos-
phere. It is desirable to provide this adjustment in order
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to insure that the vacuum bottle is actually returned to
atmospheric pressure after each application of vacuum
thereto, This adjustment of the length of part of the
operating cycle of the unit 10 also serves to control the
length of the entire operating cycle because the portion
or this cycle during which the bottle is connected to vac-
uum is relatively fixed by the force applied by the motor
spring 56 and by the constants of the bellows assembly,
such as the area of the orifice 48 and the viscosity of the
medium in the bellows elements 44 and 46. Although
this portion of the operating cycle of the unit 10 is gen-
erally determined by factory adjustment, suitable means
66 (FIGS. 1 and 2), such as a lead screw, can be pro-
vided for adjusting the effective force of the motor spring
56 to increase or decrease the length of time that the bottle
is connected to vacuum. By suitable adjustment of the
outlet regulator assembly 18, the degree of vacuum ap-
plied to the bottle can be easily varied.

In one interrupter unit 10 constructed in accordance
with the present invention, the regulator assembly 18 can
be set to provide a vacuum to the bottle which is adjust-
able between ninety and one hundred and twenty milli-
meters of mercury when a vacuum of between eight and
twenty-eight inches of mercury is supplied to the inlet line
16. With this inlet vacuum, the regulator 20 and the
motor spring 56 cam be adjusted to cause the motor 38
to have a total operating cycle of around twenty seconds,
ie., the bottle is alternately connected to vacuum and
to the atmosphere for periods of approximately ten sec-
onds. Since the regulators 18 and 20 are connected in
series through the valve assembly 22 when the vacuum is
applied to the bottle, the regulator assembly 2¢ also pro-
vides a coarse adjustment device or a means for limiting
the highest degree of vacuum applied to the regulator 18
to a selected range. Units of this type can also be con-
structed to operate with an inlet vacuum of as low as
seven millimeters of mercury.

Referring more specifically to FIGS. 3-9 of the draw-
ings, the LV.R. unit 10 including the base plate 12 and
the various components mounted thereon is enclosed by a
housing 76 (FIG. 3) to which the plate 12 is secured.
The housing 76 includes an opening (not shown) in its
front wall through which the adjusting means for the out-
let vacuum regulator 18 extends and also includes a win-
dow positioned adjacent the vacuum motor 38. The base
plate 12, on which all of the elements of the unit 10 are
mounted, supports the components 18, 20, 22 and 38,
for instance, on an upper side and is provided with a sub-
stantially flat lower surface or wall. To provide a means
for mounting the vacuum regulator assemblies 18 and
20 on the upper surface of the base plate 12, this plate
is provided with an elongated projecting or bossed por-
tion 78 (FIGS. 4, 5 and 6) defining a pair of separate
recesses 80 and 82 in which are mounted the inlet vacuum
regulator 20 and the outlet vacuum regulator 18, respec-
tively. ‘

Referring now more specifically to the inlet vacuum
regulator 20 (FIG. 6) which controls the degree of vac-
vum applied to the vacuum motor 38, the base plate 12
is provided with an internally threaded boss 84 on its
lower wall surface which is adapted to be connected
to a vacuum pump or line. The bore of the portion 84
is placed in communication with the cavity or chamber
80 by a passageway 86 which extends upwardly through
a boss 88 formed in the upper surface of the plate 12.
An outlet for the chamber 80 is provided by an aperture
or opening 90 which extends through the base plate 12.

The cavities 80 and 82 in which the vacuum regulator
assemblies 18 and 20 are mounted are closed by a cover
or cap plate 92 which is secured to the upstanding portion
78 by a plurality of headed fasteners 94. A resilient ele-
ment 96, which is interposed between the lower surface of
the cover plate 92 and the upper edge of the upstanding
portion 78, not only seals the cavities 80 and 82 but
also provide a pair of separate resilient diaphragms form-
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ing portions of the assemblies 18 and 20. The element 96
includes an enlarged and integrally formed portion 96g
forming a first diaphragm which is disposed within the
chamber 80 and which moves into and out of contact with
the upper end of the bossed portion 88 to provide valve
means for controlling communication between the inlet
passageway 86 and the outlet 90. More specifically, the
lower surface of the diaphragm 96a is engaged by a
guide ring 98 which is urged upwardly by a compression
spring 100 interposed between the base plate 12 and a
flange on the guide ring 98, Thus, the diaphragm 96q
is normally held out of engagement with the upper end
of the bossed portion 88 so that the inlet line 16 con-
nected to the bossed portion 84 is in communication with
the outlet passageway 90 through the chamber 80 and the
passageway 86.

To provide means for moving the diaphragm 964 to-
ward the boss 88 with varying degrees of resilient pressure,
the cover plate 92 is provided with a bossed portion 102
defining a cavity 103 within which is disposed a spring
housing 104 normally resting on the upper surface of the
diaphragm 96g. A pressure regulating screw 106 is
threadedly mounted in an opening in the upper wall of
the boss 162 and includes a depending reduced diameter
portion 106a which is received within an opening 108
formed in the spring housing 104. A compression spring
110 is interposed between the pressure regulating screw
106 and the spring housing 104 in a position encircling the
depending portion 1064. Thus, when the position of the
regulating screw 106 is adjusted, different resilient forces
are applied to the spring housing 104 by the compression
spring 110 for moving the diaphragm 96a toward the
upper end of the boss 88. A jam nut 112 which bears
against the upper end of the boss 102 and threadedly
engages the regulating screw 106 locks the element 106
in an adjusted position.

When the vacuum line ds connected to the boss 84, the
reduction in the pressure within the chamber 80 permits
the atmospheric pressure in the chamber 103 and the
spring 110 to force the diaphragm 964 downwardly to-
wa.r(‘i the upper end of the boss 88 against the opposing
resilient force provided by the compression spring 100.
If the vacuum supplied by the inlet line 16 does not ex-
ceed the degree of vacuum to which the assembly 20 has
been adjusted, the diaphragm 962 does not move into en-
gagement with the upper end of the boss 88. However,
if the degree of vacuum exceeds the value to which the
regulator assembly 20 has been adjusted, the wvacuum
within the chamber 80 causes the atmospheric pressure
within the chamber 103 together with the biasing force
provided by the spring 110 to move the diaphragm 96a
into contact with the upper end of the boss 88, thereby
closing off communication between the outlet passageway
90 and the inlet passageway 86. Accordingly, by ad-
justing the regulator screw 106 to increase the compres-
sional force applied by the spring 110, the vacuum sup-
plied to the outlet passage 90 is reduced. By reducing the
preset compression of the spring 110, the vacoum sup-
plied to the outlet passage 90 is increased. Since the ad-
justment of the operating cycle of the vacuum motor 38,
as set forth above, is determined in part by the adjust-
ment of the inlet vacuum regulator 20, the setting of the
regulator 20 does not require frequent adjustment. Ac-
cordingly, the position of the pressure regulating screw
106 can be adjusted only by removing the cover 76.

Referring now more specifically to the outlet pressure
regulator assembly 16 (FIG. 6) which is used to control
the degree of vacuum supplied over the outlet line 14 to
the vacuum bottle, this assembly is disposed within the
chamber or cavity 82 on the base plate 12 and is also
enclosed by the cover plate 92 and sealed by the resilient
element 96. An inlet to the chamber 82 from the valve
means 22 js provided by a hole 114 which is in commu-
nication with an opening 116 in a boss 118 formed in the
base plate 12 within the cavity 82. The outlet from the
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vacuum regulator 18 to the vacuum bottle is provided by
a passageway 122 (FIGS. 3 and 5) which extends from
the chamber 82 through the upstanding portion 78 to an
internally threaded bore 120 which receives a threaded
adapter connected either to the cover of the vacuum bottle
or to a conduit extending to the vacuum inlet of the
bottle. The portion of the flexible element 96 disposed
within the chamber 82 includes an enlarged portion form-
ing a second diaphragm 965 which moves into and out
of contact with the upper end of the boss 118 to provide
a valve for selectively opening and closing communica-
tion between the inlet opening 114 and the outlet passage-
way 122.

To normally move the diaphragm 96b out of contact
with the upper end of the boss 118, a spring housing 124 is
provided defining an inner opening 126 within which is
disposed a compression spring 128 that is interposed be-
tween the base plate 12 and the upper end of the spring
housing 124. The force provided by the compression
spring 128 normally holds the diaphragm 965 out of con-
tact with the upper end of the boss 118.

To provide adjusting means for regulating the vacuum
supplied through the outlet passageway 122 to the vacuum
bottle, the cover plate 92 includes a second boss 130
which defines a chamber 132. A spring housing 134 is
disposed within the chamber 132 to rest on the upper
surface of the flexible diaphragm 98b. An adjusting screw
136 is threadedly mounted in an opening in the upper wall
of the boss 130 and is secured by a set screw (not shown)
to an adjusting stem 138 having a reduced diameter lower
portion 138¢ which is disposed within an opening 140
formed in the spring housing 134. A compression spring
142 disposed within the opening 140 engages the spring
housing 134 at its lower end and, at its upper end, sur-

rounds the reduced diameter portion 138z and bears 3

against the adjusting screw 136. A pin 144 carried on
the upper end of the adjusting stem 138 moves into en-
gagement with a projecting portion 130a formed on the
boss 130 to limit rotation of the adjusting screw 136 and
the stem 138.

As indicated above, the outlet vacuum regulator as-
sembly 18 is normally effective to place the valve means
22 in communication with the outlet line 14 through the
openings 114 and 116, the chamber 82, the passageway

122, and the bore 120. The inlet opening 114 is con- .

nected to the vacuum source through the valve means 22
and the vacuum regulator assembly 20. Accordingly,
the establishment of a partial vacuum condition within
the chamber 82 causes the atmospheric pressure within

the chamber 132 and the resilient force of the compres- ;

sion spring 142 to shift the diaphragm %6b downwardly
toward the upper end of the boss 118 against the force
of the compression spring 128. When the vacuum ap-
plied to the chamber 82 exceeds the desired amount, the

forces provided by the atmospheric pressure within the ;

chamber 132 and the compression spring 142 exceed the
force provided by the biasing spring 128, and the dia-
phragm 96b moves into contact with the upper end of
the boss 118, thereby closing off communication between
the inlet opening 114 and the outlet passageway 122.
When the vacuum is reduced within the chamber 82, the
spring 128 moves the diaphragm 965 out of contact with
the upper end of the boss 118 and places the inlet and
the outlet in communication.

Thus, by adjusting the stem 138 to establish different
degrees of resilient biasing pressure due to the compres-
sion spring 142, the degree of vacuum within the cham-
ber 82 and, accordingly, that applied to the vacuum bot-
tle can be adjusted. An increase in the compressional
force provided by the spring 142 decreases the vacuum
supplied to the vacuum bottle, and, conversely, a reduc-
tion in the biasing force of the spring 142 increases the
vacuum applied to the bottle. Since the degree of vac-
uum that is required to be applied to the bottle and the
drainage tube leading to the patient may vary, the outer
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end of the stem 138 extends outwardly through an open-
ing provided in the housing 76 to receive a knob (not
shown). The degree of adjustment is limited by the en-
gagement of the stop pin 144 with the projecting portion
130a.

As indicated above, the fluid motor 38 (FIGS. 3-5
and 9) operates the valve means 22 to alternately con-
nect the vacuum bottle to the atmosphere and to a source
of vacuum and to alternately connect the motor 38 to the
atmosphere and to the source of vacuum. In general,
the vacuum motor 38 includes a pair of bellows elements
44 and 46, one of which is disposed within the sealed
housing 40 and the other of which is positioned in the
atmosphere and connected to a linkage for actuating the
valve means 22. By the alternate application of at-
mospheric pressure and vacuum to the interior of the
housing 40, the two bellows elements are alternately con-
tracted and expanded to actuate the valve means 22.

The vacuum motor assembly 38 includes the housing
40 which is generally cup-shaped and which is closed
at its open end by a closure plate or seal 146 (FIG. 9)
defining a pair of annular grooved portions 148 and 150
and also the restricted orifice 48. A lower wall of the
cup-shaped housing 40 is secured to a mounting block
152, and the mounting block 152 is in turn secured to the
upper surface of the base plate 12. A passageway 154
extending through the housing 40, the supporting plate
152, and the base plate 12 provide an inlet passageway
to the interior of the housing 40.

The bellows element 44, which is disposed within the
housing 40, is secured to the anmular grooved portion
150 by suitable means such as one or more turns of wire
156. The other end of the bellows element 44 is se-
cured to an annular grooved portion 158 formed on a
rear bellows end piece 168, again by suitable means such
as one or more turns of wire 162. A bossed portion
1604 of the plate 16¢ is provided with an axially ex-
tending aperture 163 which is normally closed by a screw
164 and a sealing washer 166. The screw 164 can be
removed so that a suitable viscous and non-compressible
material, such as oil, can be introduced through the open-
ing 163. The elements 44 and 46, which are connected
by the orifice 48, are provided with enough of the viscous
material that with one of the bellows elements completely
extended and with the other of the bellows elements com-
pletely collapsed the interiors of these elements are com-
pletely filled. The inner end of the exterior bellows ele-
ment 46 is secured to the annular grooved portion 148
by one or more turns of wire 168. The outer end of
the bellows element 46 is secured to an annular grooved
portion 171 on a front bellows plate 172 by one or more
turns of wire 174,

To provide means for connecting the end plate 172 and
the vacuum motor 38 with the linkage for operating the
valve means 22, the plate 172 is provided with a tapped
bore 176 in which is threadedly mounted one end of a
bellows shaft 178 having a headed portion 180. An L-
shaped indicator 182 is mounted on the shaft 178 inter-
posed between the front wall of the plate 172 and the
headed portion 180 of the shaft 178 so as to be mounted
on the motor 38 with a portion disposed in front of the
window (not shown) in the housing 76. Thus, when
the bellows element 46 is contracted and expanded, the
indicator 182 reciprocates relative to the window to
provide a visible indication that the interrupter unit 10
is in operation.

When the vacuum motor 38 is operated, the valve
means 22 alternately connects the passageway 154 to the
atmosphere and to vacuum. When the passageway 154
is connected to vacuum, the pressure within the housing
40 is reduced and the atmospheric pressure acting on the
exterior bellows element 46 compresses this element and
forces the viscous medium through the restricted open-
ing 48 into the bellows element 44. In doing so, the bel-
lows shaft 178 is moved to the right (FIGS. 5 and 9).
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Alternatively, when the passageway 154 is conmnected to
the atmosphere by the valve means 22, the pressure act-
ing on the bellows elements 44 and 46 is equalized, and
the spring 56 extends the bellows element 46 and con-
tracts the bellows element 44, thereby moving the shaft
178 to the left (FIGS. 5 and 9).

As indicated above, the crank 5@ and the slide arm 54
connect the vacuum motor assembly 38 to the valve
means 22 so that the operation of the motor 38 shifts the
valve means 22 between its two opposite positions. The
crank 5 includes an upwardly extending portion 184
(FIGS. 4 and 9) having an aperture through which the
shaft 178 extends. The upstanding portion 184 is mov-
ably journaled between the headed portion 186 on the
bellows shaft 178 and a thrust bearing 186 which is se-
cured to the shaft 178 by one or more washers 188 and
2 pair of jam nuts 190. An intermediate portion of the
crank 50 is provided with a boss 505 (FIG. 4) through
which a shouldered screw 192 extends so as to pivotally
mount the crank 5@ intermediate its ends on the upper
wall of the base plate 12. The tension spring 56 is con-
nected at one end to the base plate 12 by a pin 194 (FIG.
3) and is connected at its other end to an angular portion
126 formed integral with the crank 50. One end of the
slide arm 54 is provided with a boss 197 through which a
shouldered screw 198 extends to pivotally connect this
end of the arm 54 to an intermediate portion of the
crank 50. The other end of the slide arm 54 is provided
with an upwardly extending boss 260 having a projecting
portion to which one end of the tension spring 58 is
connected and held in place by a snap ring 202. The other
end of the tension spring 58 is connected to the up-
standing portion 184 on the crank 50. Thus, when the
bellows motor 38 reciprocates, the crank 50 is alternately
pivoted in clockwise and counterclockwise directions to
shift the position of the free end of the slide arm 54,
thereby to coperate the valve means 22.

Referring now more specifically to the valve assem-
bly 22 (FIG. 8), this assembly controls the alternate
application of vacuum and atmospheric pressure to both
the motor 38 and the vacuum bottle. The valve assem-
bly 22 includes the valve block 24 which is secured to
an upstanding portion 204 on the base plate 12 with
the ports 26, 28 and 30 aligned with similar openings
passing through the projecting portion 204 and the plate
12. A sealing gasket 206 is interposed between the lower
surface of the valve block 24 and the upper surface
of the projecting portion 204. The valve block 24 is
secured to the base plate 12 by a pair of headed fasteners
208 which extend through a pair of plastic sleeves 210
and aligned openings in the valve block 24, the gasket
206, and the base plate 12. The plastic sleeves 21¢ pro-
vide the stop members 66 and 62 described above. To
provide a shiftable support for the valve slide 32, one
end of the slide arm 54 is provided with a depending
portion defining a downwardly opening, cylindrical recess
212 (FIG. 8) in which the valve slide 32 is disposed.
The cylindrical recess 212 is in communication with an
opening 214 which is formed in the boss 200 and in which
is disposed a compression spring 216 for urging the valve
slide 32 into sliding contact with the lapped or polished
upper surface of the valve block 24. In the position
illustrated in FIG. 8, the recess 32« places the ports 28
and 30 in communication. Alternatively, when the posi-
tion of the slide arm 54 is shifted to the right, the recess
32z places the ports 26 and 28 into communication.

In accordance with another feature of the present in-
vention, the I.V.R. unit 10 includes a manifold plate 218
(FIG. 7) which is secured to the flat or lower surface
of the base plate 12 to provide the fluid passageways for
interconnecting the various components of the unit 1¢.
More specifically, the manifold plate 218 includes a plu-
rality of ribs 218g defining three recessed pockets or
areas 220, 222 and 224 which effectively provide the
passageways 34, 36 and 42 shown in FIGS. 1 and 2,
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respectively. The manifold plate 218 is secured to the
flat lower surface of the base plate 12 by a pair of
threaded fasteners which pass through two bossed por-
tions 226 and 228. A gasket (not shown) can be inter-
posed between the ribs 218¢ and the lower wall of the
plate 12 to produce a gas tight bond with the plate 12.

When the manifold plate 218 is secured to the lower
surface of the base plate 12, the port 26 is in communi-
cation with one end of the recess 220 and the opening
114 (FIGS. 6 and 7), which provides an inlet to the
outlet vacuum regulator assembly 18, is in communica-
tion with the recess 220 spaced from the port 26. Thus,
the recess 220 provides a portion of the passageway 34
shown schematically in FIGS. 1 and 2. Similarly, the
port 28 in the valve assembly 22 is in communication
with an elongated finger 2224 of the recess 222, and the
inlet passageway 90 (FIGS. 6 and 7) for the inlet regu-
lator assembly 20 is also in communication with the
recess 222. Thus, the recess 222 and the elongated por-
tion 222« thereof provide the passageway indicated sche-
matically as 36 in FIGS. 1 and 2. The port 30 is in
communication with an elongated finger 224a of the
recess 224, and the enlarged portion of this recess is in
communication with the opening 154. The recess 224
and the elongated portion 2244 thereof form the passage-
way indicated schematically as 42 in FIGS. 1 and 2,
Thus, the manifold plate 218 secured to the flat lower
surface of the base plate 12 provides the passageways
for interconnecting the valve means 22 with the regula-
tors 18 and 20 and the vacuuem motor 38.

Referring now more specifically to the operation of the
intermittent vacuum regulator unit 10, the vacuum inlet
to the bottle is connected, by means of the outlet line
14, to the bore 120 in the base plate 12. Similarly, the
inlet line 16 is connected to the boss 84 to connect a
vacuum line or pump to the interrupter unit 10. Assum-
ing that the valve means 22 is in a position in which
the recess 32a bridges the ports 28 and 30 (FIGS. 2 and
8), the interior of the housing 40 is placed in communi-
cation with the vacuum source over a fluid conveying
system including the passageway 154 (FIGS. 7 and 9),
the recess 224, the elongated portion 224a, the port 30,
the recess 32q, the port 28, the elongated portions 222a,
the recess 222, the inlet passageway 90, the chamber 80,
and the passage 86.

The reduction in the pressure within the housing 40
permits the atmospheric pressure to compress the ex-
terior bellows element 46 so that the viscous medium
therein is forced through the restricted orifice 48 into the
interior bellows element 44, thereby extending the ele-
ment 44. The compression or contraction of the element
46 pivots the crank 50 in a clockwise direction against
the force of the spring 56. In so moving, the crank 50
shifts the slide arm 54 from the position illustrated in
FIGS. 2, 3 and 8 to one in which the recess 324 in the
valve slide 32 bridges the ports 26 and 28. The over-cen-
ter arrangement including the spring 58 is effective to
hold the arm 54 in contact with the stop 210 shown at
the right in FIG, 8. In this position, the port 30 is con-
nected to the atmosphere.

The interconnection of the ports 26 and 28 applies
vacuum to the bottle over a fluid system including the
bore 120, the passageway 122, the chamber 82, the open-
ings 116 and 114, the recess 220, the port 26, the recess
32, the port 28, the elongated portion 2224, the recess
222, the passageway 90, the chamber 80 and the passage-
way 86. Accordingly, vacuum is maintained on the bottle
until such time as the valve assembly 22 is returned to
the position illustrated in FIGS. 2 and 8.

When the valve assembly 22 is operated to the posi-
tion shown schematically in FIG. 1, the port 30 is con-
nected to the atmosphere so that the interior of the
housing 40 is also placed in communication with the at-
mosphere through the recess 224. This equalizes the
pressures acting on both of the bellows elements 44 and
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46 so that the spring 56 is now effective to pivot the
crank 50 in a counterclockwise direction. This expands
the bellows element 46 and displaces a portion of the fluid
from the bellows element 44 into the bellows element
46. The counterclockwise movement of the crank 50
returns the slide arm 54 to the position shown in FIGS.
2 and 8 in which the port 26 is again connected to the
atmosphere and in which the ports 28 and 30 are placed
in communication. The connection of the port 26 to
the atmosphere terminates the application of vacuum
to the bottle and connects this bottle to the atmosphere.
The interconnection of the ports 28 and 30 again sup-
plies vacuum through the inlet vacuum regulator 20 to
the interior of the housing 40 so that the vacuum motor
38 is operated through a cycle identical to that described
above. This intermittent operation of the vacuum motor
38 under the control of the valve assembly 22 continues
for so long as vacuum is supplied to the inlet line 16.
Accordingly, during this intermittent operation, the
vacuum bottle is alternately connected to a source of
vacuum and to the atmosphere.

One particularly desirable method of using the inter-
mittent vacuum regulator unit is to place the vacuum
bottle with the unit 10 connected thereto at an elevation
that is above that of the area of the patient that is to be
drained. The drainage tube is connected between the ele-
vated vacuum bottle and the area, and a vacuum source
is connected to the unit 10, The operation of the I.V.R.
unit 10 is now initiated so that, during one portion of the
cycle, the application of vacuum to the bottle causes a
flow of drainage from the patient through the tube and
into the bottle. On the alternate portion of each of its
operating cycles, the unit 10 returns the bottle to atmos-
pheric pressure so that the fluid contained in the tube
flows back toward the patient to clear obstructions from
the tube. Thus, it is necessary to adjust the cycle of the
unit 10 to provide for the connection of atmosphere to
the bottle for a long enough period of time to insure that
the bottle actually returns to atmospheric pressure so that
the back flow of the fluid in the drainage tube is accom-
plished. If the bottle is operated between varying levels
of vacuum, the fluid entrapped in the drainage tube can-
not flow back toward the patient to clear obstructions.

Although the present invention has been described
with reference to a particular embodiment thereof, it
should be understood that those skilled in the art may
make many other modifications and embodiments thereof
which will fall within the spirit and scope of the princi-
ples of this invention.

What is claimed and desired to be secured by Letters
Patent of the United States is:

1. A method of removing drainage from a patient
which comprises locating a sealed drainage collecting re-
ceptacle at an elevation higher than the elevation of the
area of the patient to be drained, placing the area to be
drained in fluid communication with the interior of said
receptacle, and automatically and alternately placing the
interior of said receptacle at atmospheric pressure and at
a selected level of vacuum so that drainage fluids are con-
veyed from said area to said receptacle when said recep-
tacle is placed at said selected level of vacuum and so
that a portion of the previously withdrawn drainage fluid
flows toward said area when said receptacle is placed at
atmospheric pressure.
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2. A method of removing drainage from a patient
which comprises introducing into a cavity to be drained
a fluid conveying means extending from said cavity to a
higher elevation, applying a controlled level of vacuum
to said fluid conveying means for a given period of time
to withdraw drainage from said cavity into said fluid
conveying means, connecting said fluid conveying means
to the atmosphere for a period long enough to permit
at least some of the withdrawn drainage in said fiuid con-
veying means to flow toward said cavity to clear obstruc-
tions from said fluid conveying means, and automatically
repeating the steps of applying the controlled level of
vacuum to the fluid conveying means and connecting the
fluid conveying means to the atmosphere during the re-
moval of drainage from the patient.

3. A method of removing drainage from a patient
which comprises introducing into a cavity to be drained
a fluid conveying means at least a part of which extends
to a higher elevation than said cavity, alternately apply-
ing in a timed cycle to said fluid conveying means at a
point remote from the patient vacuum pressure at a
controlled level and atmospheric pressure, and adjusting
the portions of said cycle in which said vacuum pressure
and atmospheric pressure are alternately applied so that
a part of the drainage withdrawn into the fluid conveying
means during the application of vacuum pressure is per-
mitted to flow back toward the cavity during the applica-
tion of atmospheric pressure to said fluid conveying
means.

4, A method of removing drainage as claimed in claim
3, in which said controlled level of vacuum pressure is
applied during a major portion of said cycle, and atmos-
pheric pressure is applied during a minor portion of said
cycle,

5. The method set forth in claim 1 including the step
of adjusting the relative durations of the alternate periods
during which the interior of the receptacle is placed at
atmospheric pressure and at the selected level of vacuum
so as to permit a selected reverse flow of withdrawn
drainage fluid.

6. A method of removing drainage from a cavity in a
patient which comprises the steps of positioning a sealed
receptacle at an elevation above the cavity, placing a
fluid conveying means in communication with the cavity
and the interior of the sealed receptacle, alternately con-
necting a controlled level of vacuum and atmospheric
pressure to the interior of said sealed receptacle so that
drainage is moved from said cavity through said fluid con-
veying means to said receptacle, and adjusting the lengths
of time that said controlled level of vacuum and atmos-
pheric pressure are applied to said receptacle until a part
of said removed drainage flows through said fluid convey-
ing means toward said cavity so as to remove obstructions
from said fluid conveying means.
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