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This invention relates to a compressor control and
more particularly to a control for obtaining automatic se-
quential loading and unloading of a compressor.

At present various means have been provided to obtain
gradual step unloading for compressors the most common
being the provision of a plurality of spring biased valves
which are opened in response to the pressure developed
by the compressor. In general, however, the prior un-
lcading systems have provided an individual means for
each stage of the compressor. Such individual controls
substantially increase the cost of the systenr and in the
event of failure of any one control prevent the system
from operating properly.

Accordingly one object of this invention is to provide
a new and improved unitary control for sequential load-
ing and unloading of a multi-stage compressor.

Another object of this invention is to provide a new
and improved compressor control comprising a single
plunger for sequentially actuating individual mechanisms
controlling the loading and unloading of the stages of
a multi-stage compressor.

A specific object of this invention is to provide a new
and improved compressor control comprising individual
valves for unloading and loading individual stages of a
multi-stage compressor which valves have actuating por-
tions spaced along the path of travel of an actuating
member to obtain sequential operation thereof.

These and other objects of this invention will become
more apparent upon consideration of the following de-
tailed description of a preferred embodiment thereof,
when taken in conjunction with the following drawings,
in which:

FIG. 1 is an axial sectional view of a compressor con-
trol constructed in accordance with the principles of this
invention, and

FIG. 2 is a reduced scale bottom plan view of the con-

trol as shown in FIG. 1.

Referring to the drawings it will be noted that a com-
pressor control constructed in accordance with the prin-
ciples of this invention comprises an elongated formed
valve housing 1 having a central elongated bore 30 ex-
tending axially from the lower edge thereof to a cylindri-
cal chamber 20 located intermediate the housing 1. A
plurality of elongated valve cavities 2 are provided in
the housing 1 which extend radially therethrough and
are located upwardly from the lower end of the bore 38
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with their central axes lying in parallel planes. As will .

become apparent hereinafter a valve cavity 2 is provided
for each compressor stage of a multi-stage compressor
which is to be controlled and, as a four stage compressor
control is shown, four valve cavities 2 are provided in
the housing 1 with their center axes being spaced $0°
from each other with reference to a plane normal to the
longitudinal axis of the bore 30. In FIG, 1 side views

of the second and fourth stage control valves and an end.

view of the stage control valve have been shown. Of
particular importance with reference to this invention
is that the central axes of the valve cavities 2 are spaced
from each other longitudinally of the axis of the bore 3.

Each valve cavity 2 is formed to receive an unloading
valve means therein which valves are identical to each
other. Each unloading valve comprises an annular valve
seat 4 suitably rigidly lecated within a cavity 2 radially
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outwardly adjacent the bore 39, and an elongated valve
body 3 having an annular seat portion 32 biased into
engagement with the seat 4 by means of a suitable spring
6 extending between the valve body 3 and a valve cap
5 suitably secured to the housing 1 to enclose the outer
end of the valve cavity 2. As shown, the cap 5 has a
portion located inwardly of the cavity 2 which has a
bore 34 therein which bore 34 extends outwardly from’
the inner end of the cap 5 and in which bore 34 the
outer end of the valve body 3 is reciprocably received.
The cap 5 is provided with an opening 8 to vent the outer
end of the bore 34 and a suitable packing means such
as an O-ring 7 is located in the cap 5 adjacent its inner
end to seal the vented portion of the bore 34 from the
rest of the cavity 2. By forming the open area of ‘the
valve body seat 4 equal to the area of the portion of
the valve body 3 within the vented portion of the bore
34, atmospheric pressure is exerted on equal areas at op-
posite ends of the valve body 3 so that the valve body
3 is balanced regardless of the existing operating pressure.

Each of the control valve bodies 3 is provided at its
inner end with an integral elongated plunger which ex-
tends radially from the seat portion 32 into the bore"
30 of the housing 1. For the purpose of describing this
invention the plunger for the fourth, third, second and
first stages have been identified as P-4, P-3, P-2 and
P-1, respectively. ~As shown the inner end of each
plunger P-1, P-2, P-3 and P-4 is rounded and extends
radially inwardly of the bore 39 with the rounded end
being spaced radially outwardly from the central axis of
the bore 30. ' :

With reference to the second stage control valve it will
be noted that a suitable passageway 18 is provided in the -
kousing 1 which extends from the outer surface thereof
to the cavity 2 therefor so as to be connected to the
bore 30 upon movement of the seat portion 32 out of
engagement with the seat 4. As shown the outer end of
the passageway 10 is provided with suitable means such
as threads $ to permit a suitable transmission line (not
shown) to be connected thereto which line is connected’
to the second stage of the compressor to be unloaded to
atmosphere. The illustrated foruth stage is provided with
a similar passageway 36 and the first and third stages
are provided with similar passageways, not shown. ‘

Operation of the control valves is obtained by actuating
means such as an elongated cylindrical plunger 11 which
is axially reciprocably or movably located within the bore
38. As shown, the upper end of the plunger 11 is suitably
secured to a circular piston 12 which is closely received
within the chamber 20. A suitable O-ring 59 may be '
provided on the outer edge surface of the piston 12
to engage the surface of the chamber 20 to prevent the
leakage of air from the chamber 20. In FIG. 1 the
piston 12 is shown in its full load operating position.
It will be noted that the upper end of the housing 1 is
formed by means of an axially elongated inverted cup
shaped cap portion 15 having an elongated chamber 60
vented to the atmosphere through a radially exfending
opening 61 in the side thereof and in which an axially
elongated suitable spring 16 is received. For the pur-
poses of initially describing this invention it will be noted
that the spring 16 is suitably received on the upper sur-
face of the piston 12 and extends axially outwardly
therefrom to bias the piston 12 towards the bottom of
the chamber 20 at all times. When the piston 12 is in
the illustrated full load position the plunger 11 is still
closely received within the upper portion of the bore 30.
The lower portion of the bore 36 is sealed from the
chamber 28 in any suitable manner such as by providing
a suitable O-ring 38 in the housing 1 which engages
the outer surface of the plunger 11 at all times.
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It will be noted that the lower surface of the piston 12
is provided with a central downwardly extending annular
stop 49 outwardly adjacent the plunger 11 which en-
gages a similar stop 42 formed in the housing 1 and which
extends upwardly into the chambef 26 from the bottom
thereof. 'Under no load conditions the spring 16 biases
the piston 12 to the bottom of the chamber 28 until the
stop 40 engages the stop 42 which functions to locate the
undersurface of the piston 12 above the bottom of the
chamber 28. One end of a suitable transmission line 44
is suitably secured to the outer end of a passageway 22
in the housing 1 which passageway 22 extends from the
bottom of the chamber 20 and the other end of the line
44 is connected to a suitable T-valve 26 for controlling
the operation of the compressor. Inasmuch as such T-
valves are well known in the art the showing thereof is
merely representative of the valve functions. As shown
the valve 26 has a vent line 27 and an incoming line 46
which is connected to the first stage discharge pressure
chamber of the compressor to be controlled. The valve
26 is also provided with a suitable rotor 48 having a T-
shaped passageway therein whereby upon proper rotation
thereof the line 44 may be connected to the line 46 or the
vent 27. .

Under the full load operating condition shown the line
46 is connected to the line 44 so that the discharge pres-
sure from the first stage of the compressor causes the
piston 12 to overcome the bias of the spring 16. To
obtain manual unloading of the compressor the rotor 48
of the valve 28 is rotated so that the line 44 is connected
to the vent 27 whereby the first stage pressure in the
underside of the piston 12 is vented and the bias of the
spring 16 causes the piston 12 to descend until the stops
40—42 are engaged. During such descent of the piston
12 the plunger 11 connected thereto also descends in the
bore 30. It will be noted, however, that the lower end
of the plunger 11 is tapered to provide a gradually increas-
ing diameter cam surface 13 for the plungers P-1, P-2,
P-3-and P-4 as the plunger 11 descends. As the plunger
11 starts to descend the cam surface 13 initially engages
the outer rounded end of the plunger P-4 to start to
displace the plunger P-4 laterally outwardly of the bore
30. Further descent of the plunger 11 causes the bias of
the spring 6 of the fourth stage control valve to be over-
come whereby the entire valve body 3 thereof moves
outwardly of the valve cavity 2. When the seat portion
32 of the fourth stage control valve moves away from
the seat 4 cooperable therewith the line 36 connected to
the fourth stage is vented to atmosphere through the valve
cavity 2 of the fourth stage control valve and the bore
30. Since the longitudinal axes of the plungers P-4, P-3,
P2 and P-1 are spaced greater distances, respectively,
below the free end of the plunger the plunger will succes-
sively engage the plungers P-4, P-3, P-2 and P-1. Thus,
each stage of the compressor will be unloaded in its prop-
er sequence s in a seriatim manner. Once the cam sur-
face 13 has descended past a plunger such as plunger P-4
the outer end of the plunger is held outwardly of the bore
30 by the engagement therewith with the outer surface
of the plunger 11 above the cam surface %3.

In order to obtain manual loading of the compressor
the rotor 48 of the valve 26 is rotated (as shown) to con-
nect the first stage pressure discharge line 46 to the line
44. When so connected and with the compressor run-
ning the undersurface of the piston 12 is subjected to the
first stage discharge pressure. As such first stage pres-
sure starts to increase the piston 12 is forced upwardly so
that the plunger 11 is gradually elevated in the bore 38.
Due to such upward movement of the plunger 11 and the
cam surface 13, and the fact that the first stage plunger
P-1 is the most remote from the piston 12, the plunger
P-1 of the first stage control valve will be biased by the
spring 6 thereof and force the seat portion 32 thereof into
engagement with its cooperable seat 4. Upon closing of
the first stage control valve the line therefrom coanected
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4
to the compressor (that is the line similar to line 10 for
the second stage control valve) is closed so that the com-
pressor load starts to increase and consequently the first
stage discharge pressure starts to increase. Such increase
in first stage discharge pressure causes the piston to move
further upwardly whereby the second control valve is
closed, so that the first stage pressure discharge again
increases whereby the third control valve is closed so that
the first pressure discharge pressure again increases and
the fourth stage control valve is closed. Thus it will be
noted that by the disclosed structure the compressor is
automatically properly sequentially loaded and unloaded.

It is believed obvious in view of the state of the art
that if desired an automatic control may be substituted
for the manual T-valve 26 described which is properly
actuated to unload the compressor in response to various
temperature or pressure conditions. In addition it will
be noted that upon stopping the compressor the proper
sequence of unloading is automatically obtained as the
first stage discharge pressure in the chamber 20 bleeds
off to atmosphere and the spring 16 forces the piston 12
downwardly to engage the stop 42.

Operation of the control valves may also be obtained
by a suijtable high pressure air connection 18 suitably
connected to the upper end of the cup portion 15 of the
housing 1. The connection 18 may be connected to the
compressor receiver which is at a higher pressure than the
first stage discharge pressure or any other source of suffi-
cient pressure to cause the hereinafter described operation
of the piston 12, As shown, an elongated plunger 14 ex-
tends axially upwardly from the piston 12 and is received
within -an elongated bore 19 of a cylinder 17 which ex-
tends centrally through the spring 16. The upper end of
the cylinder 17 is closely received within an opening 52
in the upper end of the cup portion 15 so that the bore
19 therein is directly connected to an elongated passage-
way 54 extending axially through the connection 18. The
cylinder 17 has an integral annular flange 56 extending
outwardly therefrom adjacent its outer end the lower side
of which is engaged by the spring 16 to be biased by
the spring 16 into engagement with the bottom surface
of the cup shaped portion 15. The plunger 14 is suitably
secured to the piston 12 and if desired may be formed in-
tegral with the plunger £1. - A suitable O-ring 58 may also.
be provided in the cylinder 17 to engage the outer surface
of the plunger 14 to prevent leakage of air from the cham-
ber 19.

With the above described: structure and with the piston
12 in the position shown, when the high pressure medium,
such as air, which is admitted to the upper surface of the
plunger 14 is of sufficient magnitude to overcome the
force of the first stage discharge pressure on the undersur-
face of the piston 12, the piston 12 will be forced down-
wardly in the chamber 2@ so that the compressor is prop-
erly sequentially unloaded as heretofore described. When
the pressure which is admitted to the upper surface of
the plunger 14 is relieved the compressor is properly se- .
quentially loaded as heretofore described. It is believed
obvious that any suitable type of control as is well known
in the art may be employéd to control the admission and
venting of high pressure air from the connection 18.

Having described a preferred embodiment of this in-
vention in accordance with the patent statutes, it is to be
realized that modifications thereof may be made without
departing from the broad spirit and scope of the inven-

tion,  Accordingly it is respectfully requested that this -

invention be interpreted as broadly as possible and be
limited only by the prior art. ‘

What we claim as new and desire to secure by Letters
Patent is:

1. A control for obtaining sequential operation of a
multi-stage compressor comprising, a housing having an
clongated passageway with an opening connected to at-
mosphere therein, a plunger supported within said pas-
sageway for movement along a path in said passageway,
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control devices mounted in said housing having movable
actuating means extending into said passageway and the
path of movement of said plunger respectively, said actu-
ating means being spaced longitudinally with respect to
each other along said path of movement, and said plunger
having a portion engageabie with each of said actuating
means to hold all of said control devices in one operating
position which portion is movable out of engagement with
said actuating means to permit said actuating means to
assume another operating position sequentially with refer-
ence to the longitudinal spacing of said aciuating means to
each other and to said path.

2. A control for obtaining sequential operation of a
multi-stage compressor comprising, a housing having an
elongated passageway with an opening connected to at-
mosphere, a plunger supported within said passageway for
movement along a rectilinear path in said passageway,
control devices mounted in said housing having means for
biasing movable actuating means into said passageway
along the path of movement of szid piunger respectively,
said actoating means being spaced longitudinatly with re-
spect to each other along said passageway, said actuating
means being spaced circumferentially with respect to
each other, said actuating means located in respective
bores in said housing wherein said bores have their one
ends communicating with separate inlet lines respectively
and their other ends connected with said passageway,
said plunger having a cammed portion engageable with
each of said actuating means to overcome the bias of sai
means and hold all of said control devizes in crnie operat-
ing position, and means operatively connected to said
plunger for moving said portion of said plunger out of
engagement with said actuating means to permit said bias-
ing means to move said actuating means to another operat-
ing position of said control devices sequentially with ref-
erence to the longitudinal spacing of said actuating means
wherein said sequential operation is determined by said
cammed portion,

3. A control for obtaining sequential loading and un-
loading of a multi-stage compressor comprising, a housing
having an elongated passageway with an opening con-
nected to atmosphere, a plunger supported within said
passageway for movement along a rectilinear path in said
passageway, a plurality of control devices mounted in said
housing having movable actuating means with portions
thereof extending into said passageway for engagement by
said plunger respectively, said actuating means being
spaced longitudinally with respect to each other along said
passageway, said actuating means being spaced circum-
ferentially with respect to each other, said plunger having
a tapering cammed portion engageable with each of said
actuating means sequentially to hold all of said control
devices in one operating position, said plunger being op-
eratively connected to a piston of a cooperable piston
and cylinder assembly, means operatively connected to
said cylinder for moving said piston and said portion of
said plunger in one direction in said passageway along
said path out of engagement with said actuating means
to permit said actuating means to assume another operat-
ing position sequentially with reference to the longitudinal
spacing of said actuating means to each other, and other
means operatively connected to said cylinder for moving
said piston and said portion of said plunger in the direc-
tion opposite said one direction to return said control de-
vices to said one operating position sequentially with
reference to the longitudinal spacing of said actuating
means with respect to each other.

4. A control for obtaining sequential operation of a
multi-stage compressor comprising, a housing having an
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elongated bore therein with one end being open to the
atmosphere, a member supported within said bore for
movement towards and away from said one end of said
bore, said housing having passageways extending from
said bore with control devices therein for selective opening
and closing of said passageways respectively, said control
devices having movable actuating means extending into
and spaced longitudinally with respect to each other along
the path of movement of said member, said member hav-
ing a portion engageable with each of said actuating means
to hold said control devices in a passageway-open-posi-
tion, and said member being movable out of engagement
with said actuating means to permit said actuating means
to close said passageways sequentially with reference to
the longitudinal spacing of said actuating means with re-
spect to each other.

5. A control for obtaining sequential operation of a
multi-stage compressor comprising, an elongated housing
having an elongated chamber extending axially thereof,
an axially movable piston within said chamber, an elon-
gated opening extending axially through said housing into
one end of said chamber, an elongated plunger secured
to said piston and extending into said opening, a plurality
of control devices having movable actuating means €x-
tending radially into said opening into the path of move-
ment of said plunger, said actuating means being spaced
longitudinally with respect to each other in said opening,
means for biasing said piston towards said one end of
said chamber with said plunger engaging all of said actu-
ating means to hold said control devices in one operating
position, a passageway in said housing connected to said
chamber to cause movement of said piston away from said
one end of said chamber and said plunger out of engage-
ment with said actuating means when said passageway is
connected to a pressurized medium sufficient to overcome
the bias of said biasing means, and means for exerting a
force on said piston to cause movement thereof towards
said one end of said chamber.

6. A conirol device for obtaining sequential loading
and unloading of a compressor comprising, a housing
having a plurality of passageways connected to an elon-
gated discharge bore and wherein said passageways are
adapted to be connected to the respective several stages of
a multi-stage compressor, valve means located in said pas-
sageways respectively for opening and closing the respec-
tive said passageways, said valve means and their rsepec-
tive said passageway being located in longitudinally spaced
seriatim relationship with respect to each other, and actu-
ating means engaging the valve means in sequential order
due to said longitudinally spaced relationship for opening
and closing said respective valve means in sequential
order to load and unload the stages of a compressor.
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