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Our invention relates to a rotary compressor. It deals,
more specifically, with an unloading system for a rotary
compressor whereby the power required to drive the com-
pressor while it is running in an unloaded state is greatly
reduced as compared to power requirements of prior art
compressors now commonly in use in a similar state,

This invention deals mainly with compressors of the
internally oil-cooled, sliding-vane rotor, positive-displace-
ment type. It is applicable, particularly, to a rotary com-
pressor of this general type which is driven by an elec-
tric motor although it is not necessarily limited to an
electrically-driven compressor.

At the present time, compressors of the general type
indicated are provided with unloading systems but by
these systems only the intake valve of the compressor
is closed so that atmospheric air to be compressed will
not be taken into the compressor and a very high vacuum
will result at the intake side of the compressor unit. The
rotor continues to rotate in the unloaded state of the
compressor, even if there is no need to compress air,
to provide for proper circulation of the lubricant-cooling
oil in the system. However, even in the unloaded state,
the rotor is working against the pressure in the air re-
ceiver which is reflected back to the discharge chamber
of the high-pressure cylinder. Since no air is entering
the low-pressure cylinder, all sectors of both rotors
bounded by the sliding vanes are operating at a partial
vacuum. As each sector of the high-pressure rotor is
exposed to the receiver backpressure, air expands into
this cavity and must be recompressed back to a pressure
slightly greater than that of the receiver, as the rotor
vanes pass the discharge port. This alternate expansion
and recompression results in a high power consumption
for driving the rotor in the unloaded state of the com-
pressor as compared to the power consumption required
to drive it in the loaded state of the compressor, ordi-
narily amounting to about 75% of the energy required
to drive it in the loaded state. -This is particularly true
of the electrically-driven compressors in which the elec-
tric motor drives at constant speed. . Even in connection
with rotary compressors. driven by internal combustion
engines, where the throttle is moved to a minimum speed
position during the time the compressor is unloaded, a
substantial amount of power and, therefore, fuel is re-
quired to drive the rotor while the compressor is unloaded.

It is the main object of this invention to provide an
unloading system for a compressor of the type indicated
which may be termed a “free” unloading system in that
the rotor will not be requiréd to work against the pres-
‘sure of the compressed air in the receiver part of the
compressor unit and, therefore, the amount of power re-
quired to drive the rotor during that unloaded state will
be a minimum. .

Another object of our invention is to provide a free-
unloading system of the type indicated in an internally
oil-cooled compressor wherein an unloading point in the
system is selected where the air is sufficiently free of cir-
culating Iubricating-cooling oil to allow it to be exhausted
to the atmosphere without excessive loss of oil.

" Another object of our invention is to provide a free-
unloading system of the type indicated by which the un-
loading of the compressor is accomplished without vent-
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ing substantial amounts of previously-compressed air from
the receiver part of the compressor system, such as from
the air receiver tank and associated air-oil separator.

A further object of our invention is to provide a con-
trol system for a compressor of the type indicated which
preferably will automatically control starting and stopping
of the compressor as well as loading and unloading of the
compressor in accordance with our invention.

A further object of our invention is to provide a free-
unloading system of the multi-stage type wherein an inter-
stage manifold connects the stages of the compressor hav-
ing an oil-scavenging system associated therewith for pre-
venting the accumulation of excessive amounts of oil in
the manifold while the compressor is operating in the
unloaded state.

Various other objects will be apparent as this descrip-
tion progresses.

In the accompanying drawings, we have illusirated one
embodiment of our invention, the embodiment shown
being a compressor which is electrically driven, but it is
to be understood that many specific variations are pos-
sible without departing from basic principles of our
invention.

In these drawings: .

FIGURE 1 is a schematic diagram of the fluid system
of a rotary compressor embodying our invention with cer-
tain electrical members indicated in association therewith.

FIGURE 2 is a schematic diagram of the electrical sys-
tem used on the compressor in accordance with our in-
vention.

FIGURE 3 is a schematic sectional view illustrating
details of the oil-scavenging system associated with the
free-unloading system.

With reference to the drawings, in FIGURE 1 we
have illustrated schematically a rotary compressor system
to which our invention is applicable, but it is to be.under-
stood that we are not limited to this specific compressor
system. The structure of the rotary compressor itself
may be generally like that disclosed in the patent to
Lamberton No. 2,739,758 issued March 27, 1956, but its
drive is shown herein as being an electric motor. The
general -arrangement and positioning of the various units
of the compressor system may be similar to that disclosed
in the copending application of Paugh Ser. No. 215,390
filed August 7, 1962. :

In FIGURE 1, we indicate a compressor 10 of the
rotary type which is driven by an electric motor indicated
at 11. The compressor may be of the multi-stage type
and is shown as having a low-pressure cylinder 12 and a
high-pressure cylinder 13. These cylinders are connected
together by an interstage manifold 14 so that low-pressure
air discharged from the cylinder 12 will be conducted
into the cylinder 13 for further compression. The low-
pressure cylinder 12 houses a rotor (not shown) prefer-
ably of the sliding vane type which is coupled to and is
driven by the motor 11. The rotor in the low-pressure
cylinder is coupled to and drives the rotor (not shown)
which 'is in the high-pressure cylinder 13. The low--
pressure cylinder 12 is provided with an air intake conduit .
15 having & two-way unloading valve 16 connected therein
which is of the piston type and is adapted to be actuated
by air-pressure. A filier 17 is also provided for the
intake conduit 15 so that air taken into the low-pressure
¢ylinder 12 from the atmosphere will be filtered. Also
connected to the filter 17 is an air conduit 18 which is
adapted to inspirate air into the interstage manifold 14,
to the low-pressure end of which it is connected as shown.
This condiut 18 is provided with the check valve 19.
The conduit 18 functions in a manner to be described
in detail later to aid in preventing undue accumulation of
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The high-pressure cylinder 13 is provided with an out-
let or discharge chamber for the compressed aif and oil
mixture which. connects by.a discharge conduit 28 to

the-receiver tank, indicated at 21,:and a check valve 22"

is provided in this conduit. . An oil tank is-illustrated at
23 below the .receiver tank 21 and is conmected thereto.
An dirtoil separatcr is indicated at 24 above the tank 21
and is connected thereto. - The ssparator 24 15 connected

to the airsservice condnit 25 which has a chéck valve 26~

therein dnd which suppliés the air compresséd by thé coms-

pressor to the point of 1se. ~ An oil bleéder conduit 27
'Aleads from the lower portion of the separator 24 and
contiects - to . the low-pressure énd. of the. manifold 14,
being provided with-a. strainer 28 and a check valve 29,
_associated with a restricted passage to.the manifold, con-
nected therein in series. Tlils conduit functions to return
the separated oil from the separator.24 to the. interstage

[543

10

tianifold dutring normal loaded operanon of the compres- --

sor_as will be further explained in .greatér détail. = Ac-
cording to the present-invention, this conduit 27 has inter-
posed therein a solenoxd-actuated two-way valve Si which
is part of the free-unloading system  of this .invention.
Valve S1 may be of the spool type spring offset to the
position indicated.

.. Oil' for lubrication and cooling is supplied by a pump
36:in the usual marner, this pumip being coupled to the

20

rotor in the cylinder 13.. The discharge of this pump is -

connected by an oil conduit 31 to the oil supply system
of the cylinders 12 aund 13 which is indicated schematically
as.the gallery-32 and a flow switch FLS is interposed in
this oil conduit 31 -althoigh a pressure switch may be

used mstead of -this flow switch, The inlet sidé of the.

pump 36 is coninected by-an oil conduit 33 to an oil cooler
indicated at 34 and a filter 35 is interposed in this con-
duit. Also, & thermally-actuated switch THY is. 4ss9ci-
ated with this conduit. and is- actuated. by the tempera-

ture of the oil therein flowing to the pump 38. . A blower.

is indicated at 36 as part of the oil cooler and is driven
~by an electric motor37. “ An oil conduit 38 léads from
a thermally-actuated -by-pass. valve 48 -to the oil cooler
34, A by-pass oil conduit' 39 is also connected to this

valve 46¢-and connects to the 0il condmt 33 leadmg from

the oil: cooler-34.-
The unloading valve 16, as. prev1ously mdlcated Ais part

of the unloadmg system and is actuated by air pressure.

through’ a' conduit 41 connected: thereto ~and  provided
with a’chéck-valve .42 which is: by- passed by a restricted
by-pass 43.  The conduit 41 is connected to'a conduit 44

which is-connected to:a four-way solenoid-actuated valve -
2 which may be of the well known spool type ‘and which’

is spring offset to a normal position as.indicated ‘when

the solenoid is deenergized. - This valve is connected by -

a conduit-45.to a conduit 48 through an air- l1qu1d separa-
“tor. 47 and conduit 48 is connected to the air-service con-
duit 25, A réstrictor 46 is interposed in conduit 25 be-

- tween check-valve 26.and the separator 24-with the coii-

duit 48" connection. being: on .the hlgh-pressure side: to
assure -fast pressure bu1lt-up when _starting " for valve
operation. . A pressure-actuated -electrical switch PS.is
connected. to the conduit 48.:

Coninected in the “system"is 4 multl-path directional
flow: control 58, termed hersin as a five-way valve, -which
* is.'also: part.of -the: unloading  system . according to- this
invention,

actuator, 58a and 505, provided at each end of the spool
This: valve is controlled by the four-way valve-S2, previ-
ously- mentioned, for operating:the system-in eithéer- the
loaded state. or the unloaded:state. - The walve. actuator:
". 504, utilized for unloaded operation, is connected’ by con-
duit- 44t one port of the four-way. valve S2 through a

check valve 51 which is by-passed by a »re’stric’ted', by-pass-

" '52..: A solenoid - actuated three-way valve 84 is inter-

40

- current ‘protective. devices such as.thé: fuses 61q.

4

tuator 565 is connected to a'second port of the four-way
valve 82 by .a conduit 53 which has a solenoid actuated
three-way. valve S3 interposed therein. . Valves S3 and 54
may be of the spool type which are spring. offset to a
normal position when the solenoid thereof is deenergized.
The ‘valve 50 includes three inlet ports; one -of ‘which is
connected by:a conduit 54 to-the discharge conduit 28
leading from the hlgh-pressure cylmder 13. A thermally-
actuated switch TH2 is connected:in the dlscharge con-
duit 20 so ‘as to be affected by the temperature of the
compressed air-and oil mixture discharged from the high-
pressure. cylinder-whether the air’and oil mixture flows o
the air receiver 21 or to the valve §§.: - The oil reservoir
tank 23:is connected to a second inlet port-of the valve
50 by a conduit 55.leading £ from the lower side or bottom
of the oil tank. . The third inlet.port.of thé valve 59 is con-
nected by a conduit 56 to, the: bottom .or il outlet of an
air-oil separator 57 which _may. bé -of . the.cyclone typs.
This separator -57 has an .air exhaust outlet at its upper
end: which may be:provided with an exhaust-silencer- 58.
Of the valve’s two outlet ports, one.is. cornected: by a
conduit 59 to the inlet of the separator 57 and the other
is connécted by a conduit 69 to the inlet port of  the by-
pass valve 40,

An. electrical power zmd cotitiol cxrcmt for ”peratlon
of the compressor-in. accordance. Wwith  this-inivéntion is
diagrammatically illustrated in FIGURE: 2. : The ¢ontrol
circuit, as {llustrated, is adapted to fot oily automatically
control-operation of the compiessor as to ldaded and un-
loaded.operation it accordance with servicé démands-but
to automatically. start. and stop the apparatus in accord-
ance with’ predetermined operational conditions. . It is the

- primary ‘function of ‘the control circiiit to automatically

operate the several components of the apparatus as to pro-
vide for free-unloaded opelatlon of the COTIpressor. -

. The. electrical power circuit is conrectéd to a three-
phase, alfernating “current power distribution system of
suitable voltage and includes the’ thrée: power linés L3,
L2 and L3. - A three-pole- disconnect -switch- 61 :Is -inter-
posed in the-power lines along with the customary oveér-
Con-

_ mected to- the power lines. L1, L2 and L3 are the eléctric

45

50

motors 37 and 11, previously referréd. to, for: operatlng
the il cooler blower 36 and driving the crotary compressor
18.. Each respective motor 11 and 37 is :connected to

‘the power lines through a mavnotlc contactor. of the type

having a set-of Hérmally open contacts, 1CR1, 1CR2 and
1CR3 and ZCR1, 2CR2 and 2CR3, controlled by their re-
spective electromaonetlc solen01ds or:operating coils 1CR
and 2CR.. Also incorporatéd.in each magnetic contactor
are the usual overload protectlve devicés consisting of the
associated : thermally -responsive - elements: and normally

* closed ‘contacts OLL,: “OL2, OL3 and OL4: " :As.will be

55

60

This. valve. may be of the spool: type as il-
lustrated which' is-spring céntered and operated by an air .

65

noted from the circuit diagram, the: overload ‘devices OL1

-and OLZ are. associated with® the compressor motor 11

and the overload devices 'OL3 and OL4 are associated
with the blower motor 37, Also conngeted to the power
lines L1 'and L2 is a control circuit voltage  transformer
€2 which provides the . desucd voltaoe for-operation - of
the control circuit,

- The control circuit 1ncludes a start-stop c1rcu1t having
manually-actuated start and-stop:switchies 63 and €4 which
may be of ths- pushbu‘ton type. - The stop switch 64 is

normally - closed while the sfart switch 63-is normaily
-open. with .the .contacts of each being ‘serially ‘connected

across the secondary output conductors of the transformer

[62.° Also connected in:seriés with. the ‘switches 63 and

© 64 is the coil 3CR of a circuit-maintaining telay which is A

70

‘operable ‘to- by-pass the start:switch: 63, once the com-
-pressor apparatus has been started-and is operating mor- - -

mally. Completion of the start-and stop.circuit.is through

- the  serially<connected - contacts Gf the - thermostatically-

posed in_conduit 44 between the air actuator 56z and the - -

““check valve 51 and restncuon 52. The other valve ac-

75

~operated switch THZ, prekusly men’uoned and thé fior-:
~mally closed- contacts. of the ovelload devices: OLI and

OL2 assooxated w1th the compressom motor 1L The
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thermostatic switch TH2 is provided with a normally
closed contact which will open when the temperature of
the oil-air mixture discharged from the high-pressure
stage 13 of the compressor exceeds a predetermined
value. In this present embodiment, the switch TH2 is
set to open at about 240° F. and will break the start-
stop circunit, thus protecting the compressor apparatus
from damage due to high temperatures. Serially connect-
ing the contacts of the overload devices OL1 and OL2
in the start-stop circuit provides further protection for
the compressor apparatus in the event that an overload
should occur in the compressor motor 11. An overload
of this form would also break the start-stop circuit thus
deenergizing the control circuit and disconnecting the
compressor and blower motors 11 and 37 from the power
lines L1, L2 and L3.

A holding circuit is connected in shunt relationship with
the ‘start-stop circuit which automatically operates to de-
energize the control circuit and disconnect the compressor
and blower motors 31 and 37. This circuit includes the
normally open contacts 3CR1, actuated by the relay coil
3CR, which are serially connected with the parallel con-
nected contracts 1TR1 of a time delay relay and the flow
switch FLS, previously mentioned, and the operating coil
2TR of a time delay relay connected in series therewith,
The contacts 1TRA of the time delay relay are normally
closed while the contacts of the flow switch FLS are
normally open. As previously indicated, the flow switch
FLS is interposed in the discharge conduit 31 of the oil
pump 30 and is responsive to a minimum desired oil
flow necessary for operation of the compressor. The
flow switch FLS assures that oil is being continuously
pumped into the compressor 10 and operates to deenergize
the control circuit at any time the oil flow decreases to
such an extent that it is below the minimum.

The coil 2TR controls the normally open contacts 2TR1
connected in series with the holding relay contacts 3CR1
and in shunt relationship to the start switch 63. This time
delay relay is of the type wherein the contact action is
retarded upon deenergization of the operating coil. Thus,
when the start switch 63 is momentarily closed, a circuit
is completed through contacts LTR1 and coil 2TR causing
contacts 2TR1 to close imstantaneously. With contacts
2TR1 closed the start switch 63 may be opened and the
control circuit will proceed to automatically operate the
compressor and blower and other associated apparatus
even though a momentary interruption should occur in
the holding circuit. Should the circuit including the
timer coil 2TR be opened at any subsequent time, such
as would result from a momentary fluctuation in the oil
flow in conduit 31, the contacts 2TR1 will remain closed
until expiration of the delay interval. Energization of
coil 2TR at any time including during a timing interval
will reset the mechanism for subsequent operations. A
delay of approximately five seconds time has been found
sufficient to prevent intermittent operation of the auto-
matic circuit due to fluctuation of Ilubricant-ceoling oil
flow:

. Connected. in the control circuit.in dependent relation-
ship to the holding and start-stop circuits are the operat-
ing coils ICR and 2CR for the magnetic motor con-
tactors. Each coil, 1CR and 2CR, is connected in series
with' its respective serially-connected overload. contacts,
OL1 and OL2, OL3 and OL4. The coils 1CR and 2CR
with their respective overload contacts are connected in
shunt relationship and may be connected to the holding
circuit through either a manually actuated selector switch
65 or through the normally closed contacts 3TR1 of a
time delay relay. .The connection of the operating coils
1CR and 2CR to the holding circuit is made at the jumc-
ture of the ‘parallel connected timer contacts 1TR1 and
flow switch contact FLS whereby the relay contacts 3CR1
will be effective to control the operation of the blower and
compressor motors 34 and 37. The selector switch 65 is
of the two-position type and is adapted to compiete the
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circuit to the operating coils 1OR and 2CR in a first posi-
tion and is open-circuited in the second. As will be noted
from the circuit diagram, the selector switch 65 is con-
nected in shunt relationship to the timer contacts 3TR1
and is effective to by-pass these contacts when in the first
position. Interposed in the circuit of the operating coil
2CR are the contacts of the thermal switch TH1, pre-
viously mentioned. These contacts are of the normally-
open type with the switch being set to close the contacis
at about 110° F. and to open the contacts at about 100° F.
‘The thermally-responsive element of the switch is installed
in the oil cooler outlet conduit 33 and is effective to main-
tain the temperature of the oil within predetermined limits
by controlling the operation of the oil cooler blower motor
37.

Also connected in shunt relationship to the operating
coils ZCR and 2CR is the operating coil 1TR of the time
delay relay. This relay is of the type wherein the con-
tact action is retarded upon energization of the operating
coil. In the present compressor system, it has been de-
termined that a delay of about 10 seconds time in open-
ing of the contacts 1TR1 is desirable for optimum op-
eration of the system. At any time the coil ITR is de-
energized, the coil and contacts ATR1 will be instantane-
ously reset to their normal position.

An automatic free-unloading circuit is provided by this
invention to simultaneously open the compressor high-
pressure stage discharge to the atmosphere, isolate the
oil separator and air receiver tanks, and to close the un-
loader valve 16 preventing further intake of air. The
free unloading circuit includes the solenoid-actuated valves
81, 82, S3, and S4. Selective energization of the solenoids
of the valves S1 and S2 is effected through a pressure
switch PS. This switch is responsive to the pressure in
the air service conduit 25, through the interconnecting
conduit 48, and is of the single pole, double-throw type.
In the first or low-pressure position, the pressure switch
PS, the pole of which is also connected to the holding cir-
cuit so as to be in series with the relay contacts 3CR1,
completes a circuit through the solenoid of the valve SI.
In the second or high-pressure position, a circuit -will ‘be
completed through the solenoid of the valve S2. The
operating pressure limits of the switch PS, in the present
embodiment, are set to maintain a circuit through the
solenoid of the valve S1 at any time the pressure in the
air service conduit 25 drops below 90 p.s.i.g. and remains
below 105 p.si.g. and to maintain a circuit through the
solenoid of the valve S2 at any time the pressure in the
air service conduit reaches 105 p.s.i.g. and remains above
90 p.si.g. . The solenoids of valves S3 and 84 are con-
nected in parallel with the timer coil 1TR and the op-
erating coils 1CR and 2CR of the magnetic motor con-
tactors and will be energized at any time the compressor
motor is operating.

Connected in parallel with the solenoid of the valve
$2 is the operating coil 3TR of the third time delay re-
lay. This relay is operative to effect automatic start and
stop of the -compressor and blower motors 11 and 37 in
accordance with the air pressure in the air service con-
duit 25. This relay is also of the type wherein the con-
tact action is retarded upon energization of the operating
coil. * Since the coil 3TR is connected in parallel with
the solenoid of the valve S2, it will be energized simul-
taneously therewith when the air service conduit pressure
reaches 105 p.si.g. The contacts 3TR1 will not open,
however, until the time delay of the relay has elapsed.
At the expiration of the time delay, the contacts 3TR1
will open and deenergize the operating coils 1CR.-and
2CR causing the blower and compressor motors 37 and
11 to stop and deenergize the solenoids of the exhaust
valves S3 and S4. The delay, which may be of the order
of 15 minutes, has been found advisable in order that
the number of starts will' be limited to four in any one-
hour time interval. This is necessary to prevent over-
heating of the compressor motor 11 due to the relatively
large starting current. When the air service conduit pres-
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sure drops to 90 p.s.i.g
PS and deenergizing 1he solenoid: of the valve S2, the
timer coil 3TR will also be deenergized and will be reset
in preparation for another timing interval.
ously upon resetting of the operating coil 3TR, thé con-

tacts. 3TRE will close, if previcusly opened, permitting.

restarting of the compressor and blower motors 11 and
37.; :

As previously indicated, the conduit 18 is part of an
oil scdvenging system according t6 our invention which

prevents the accumulation of oil in the manifold 14 dur--

, thus resefting the pressure switch:

Instantane-~-

o

10

ing the unloaded operation of the compressor 18.. This -

system is shown more in detail in FIGURE 3 and func-
tions during the time the compresser is operating in the
freely unloaded state... This scavenging system is an air-
inspiring system' which is connected to.the manifoid 14

and -which: operates on a- pressure- differential . between:
the manifold and atmospheric air at the compressor in-

take to draw.air from the -atmosphere, during the un-

Toaded cycle and to jet it through the manifcld in the di-

rection of normal How through the manifold and thereby
to scavenge the oil therefrom.

The bleed or drain conduit:27 running from the oil

" séparator 24 functions to return separated oil fromthe

separator 24 to the circulating oil system via the inter-

stage manifold 14 duting loaded operation- of the com-.
During loaded. operation,- the pressure within

pressor.

, 8 -

lated, causes a hydraulic jam between the vanes-of the
high-pressure. rotor. - Such an -accumulation of oil could
damage or distort the vanes. Also, if the air compressor
is a portable compressor. and is used for work.on very

Cirregular terrain, the compressor may be operating: at very

steep angles which could . possibly cause an excessive ac-
cumulation of 0il in the lowestend of the mamfold with,
resulting serious .damage or breakage-of the vanes-of
the . rotor. in. the high-pressure: cylinder,. -Since during
the unloaded -state of ‘the compressor there is no- sub-
stantial flow of air through the manifold 14 from the

‘low-pressure -cylinder :to ‘the: high-pressure cylinder but

on the other hand there is a very low-pressure or vacuum
condition in the manifold, which tends to cause accumu-
lation of oil in the manifold, especially at.the downstream
end - thereof; the jet of -scavenging air created by our

- scavenging system -and acting in. the same direction -as

20 .

the normal flow through: the manifold, will prevent the
accumulation -of oil- therein.
According -to “our invention,  we pr0v1de the- conduit

© 18 as a meéans to prevent accumulation of oil in-the inter-

the interstage manifold 14 will be substantially less than .

that within the separator:-24 -thereby assuring return of

the separated oil to the oil system. . For this purpose, it

is necessary to select a pmm of reentry having a lower
pressure.

While the -compressor is loaded, the oil passing from
the low-pressure cylinder 12 with the air will pass into
the high-pressure cylinder 13 and out to the air receiver

21. The compressed air flows from the receiver 21 into.

the separator 24 and.any. oil vapors remaining in' the: air
are retained in the filtering elements in the oil separator
and are passed from the separator into the drain or bleed
‘line: 27, The check valve:-23 in the conduit 27 will pre-

stage manifold 14 during the periods when the compressor
is unloaded. * This-conduit 18 constitutes.a piping system,
between the intérstage manifold and-the air intake of the
compressor, - which: provides . for the inspiration. of air
through the “intake filter 17 to-the manifold .14 to: pro-

- duce a jét-therein which will aid.in forcing the oil from

the: manifold into. thé - high-pressure cylinder .13. For
this purpose, we connect the conduit 18 at one end to
the -unloading valve unit 16 and .at its other end to.the
upstream end of the manifold 14. . Thus, the inlet end
72 of thé conduit 18, as shown in FIGURE 3,:is con-

. nected: to' the valve unit 16 -at the inlet sleeve 78 at a.

40

vent ‘oil from: being forced back up into -the separator. -

~when- the compressor is ‘started.” “As soon, after starting

of the compressor, as-air pressure in the-discharge end -

of the oil separator 24 exceeds the . pressure in the mani-
fold 14, any oil collected by the oil separator 24 will- be
forced -into ‘the ‘manifold 14. 'The:main stream of oil
and - air; .-as indicated, during -loaded: operation of .the
compressor will flow through the manifold. 14 and there

will be no: tendency for.oil to accumulate therein at this-

‘time. - The -0il and air returned from .thé separator. 24
by the- conduit 27 will merely be added to that main
- stream.

point intermediate ‘the filter. 17 and’ the -valve.seat: 68.
The air taken into the conduit 18 will, therefore, be filtered
air. - The othér or outlet.end 73 of ‘the conduit is con-

‘nected to the manifold 14 at its upstream end and directly

above the bottom of the manifold. to direct the air. flow
parallel to the bottom -wall, as.best shown in FIGURE 3.
The outlet ‘end 74 of the bleeder pipe or:conduit' 27 is
also preferably connected to the manifold 14.in'a similar
manner. The outlet ends.73-and 74 of the conduits 18

" and 27 are directed.toward :the opp051te or downstream
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The compressor ‘air-inlet is controﬂed by the valve 16
which may be a common type of unloading valve, an

example of which: is illustrated in-FIGURE 3. It com-
prises a piston type valve member 66 which is actuated
by receiver pressure reaching it through the. conduits 4%,

44, 45 and 48 controlled by the valve S2 prevmusly men—'
tioned. . This. valve member 66 is disposed in a housing -~

60.

- 68 mounted on the low-pressure cylinder 32 over its inlet

15 and communicating therewith.  The housing is. pro-.

vided with an inlet sleave 78 leading: thereinto having a
valve seat €9 at its inner end with which' the valve mem-
ber 66 cooperates.
76, the filter unit 17 is: mounted. Atmospheric air will

. be.drawn through the filter unit 17 and be filtered before -

_ it-enters the housing 63-through the inlet sieeve 78.

55

On the outer end of the inlet sleeve: -
65 -

" time.

end of the manifold 24, ‘The conduit 18.is provided with
a check valve 19 previously mentioned which closes'when
sufficient positive- pressure develops in the manifold 14
to prevent flow-from the mamfold to the inlet of the un-
loader: :valve: 16:

When: the COMPressor is running. in an- unloaded state,
very little air is in circulation within -the -compressor.
Therefore, if it were not for the-provision-of our scaveng-

“ing system, there could be a rapid build :up: of -cil"in the

interstage ‘manifold: 4. - Since at this-time the manifold
14 is* under high vacuum, there is a substantial pressure
differential between the manifold-and the compressor filter
17 - which icommunicates- with-the atmosphere, it ‘being
understood -that ‘the unloading valve 186 is closed at this
" Also, at this time, ‘as will Iater appear, the valve
St is clos‘éd blocking the bleeder: conduit 27 The .pres-
sure differential between: atmospheric air at the.inlet and
the low_ pressure in the manifold 14 is utilized accordmg
to:our 1nvent10n to inspire’ ‘atmospheric air into said mani-
fold and use it ‘as a scavenger jet to-act in-a downstream
diréction on any oil tending to accumulate therein and to
cause the:oil to flow toward ‘and into the high-pressure

~cylinder. 13, . This' jet will scavenge from-the manifold

Without ‘Omj scavenging system, if the compressor runs -.
- for long ‘periods unloaded, an‘excessive amount of oil will -

accumulate in the interstage manifcld 14 Should-there-

~bea-demiand for additional compressed air subsequent

to.an accumiilation of oil in the manifold thus returning. -

the compressor to loaded. operation, the accumulated oil
will mstantly ‘be ‘drawn into -theé: high-pressure cyhnder

13 and; if a sufficiently large volume of oil has accumu-.

70

any’ oil. which~tends:to ‘accumulate th'erein during the -
unloaded operation of: the compressor. e

Thus, with this. arrangément, since the: unloader valve
16-is totally closed -when the compressor is.Ttnning in

: an unloaded. state, air :will be“inspired from the chamber -

in.the slesve 70 between: the: valve seat 69 and-the intake

“filter 17 Conseguently, . only: filtéted - air“is drawn into

thermt;ers;age manifoid-14: through the’ conduit: 18.. “This
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inspired air is drawn into the manifold 14 along the bot-
tom thereof thereby aiding in moving oil therein from
the low-pressure cylinder discharge to the. high-pressure
cylinder intake. When the compressor reassumes the
pumping load, the valve 16 is opened by atmospheric
pressure since holding pressure has been exhausted from
the conduit 41, a positive pressure develops in the mani-
fold 14 and the check valve 19 is closed thereby pre-
venting air and oil flow-back through the conduit 18

into the compressor intake. ; )
The operation of the oil-scavenging system of this in-
vention has been described above in detail. This system

will function whenever the compressor is operating un-
loaded. :

The general operation of the compressor and especially
as it relates to the free-unloading operation is briefly de-
scribed herein as related to the schematic diagrams of
FIGURES 1 and 2. In these diagrams, the several ele-
ments or components are shown in their normal positions
as when the compressor system is not operating. In this
condition, the disconnect switch 61 will be open and the
pressure in the air service conduit 25 may be at atmos-
pheric pressure or at least below the minimum desired op-
erational pressure of the system. The separator oil con-
duit valve S1 will be closed since its solenoid will be
deenergized. Also, the solenoid of the control valve S2
is deenergized and this valve will be positioned as shown
to exhaust or vent the conduit 44 to the atmosphere and
connect conduit 53 to conduit 45, The solenoids of the
exhaust valves S3 and S4 are deenergized and the valves
are positioned so as to block conduits 44 and 53 and
vent the respective air actuators to the atmosphere through
an exhaust port. The directional flow control valve 50
will thus be spring centered with all ports blocked. The
unloader valve 16 will thus be in its normally open posi-
tion as its actuating air cylinder is not pressurized. Since
the temperature of the lubricating and cooling oil in the
system will be below the minimum. desired for operation,
the thermal by-pass valve 40 will be positioned by its
thermal element to connect the conduit 60 from the
directional flow control valve 50 to both lines 38 and 39.
In the following description of the operation, it is to be
assumed that the selector switch 65 will be placed in the
open position denoted as “AUTO” for automatic start-
stop operation as well as automatic free-unloading. As
will be apparent from the electrical circuit of FIGURE 2,

placing the selector switch 65 in the closed position

denited “CONT. RUN” will eliminate the automatic start-
stop features of the system but not the free-unloading
operation. _
Tnitial starting of the compressor system is preceded
by closing the disconnect switch 61 which will energize
the control circuit transformer 62 and the control circuit
connected thereto and also connect the contactors of the
compressor motor 11 and the blower motor 37 to the
power source. Subsequent to closing of the disconnect

© switch 61, the start switch 63 is momentarily depresssd-

to complete the starting circuit as has been previously de-
scribed in detail and cause relay contacts 3CR1 to close.
While the compressor motor 11 will be immediately
started, the blower motor 37 will not start until the tem-
perature of the oil in the system has risen to a desired
maximum, 110° F. for example, causing switch THI
to close. A subsequent decrease in the oil temperature
to a predetermined value, such as 100° F., will cause
switch TH1 to open and. the temperature of the oil will
thus be maintained within the desired limits through con-
tinued operation of switch THI.

~Simultaneously with starting of the compressor motor
11, the directional flow control valve 59 will be actuated
to place the system in loaded operation. The control
valve S2 is not actuated at this time and conduit 53,

which is connected through valve S2 and conduits 45 and .

48 to the air service conduit 25, will therefore carry this
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pressure. The exhaust valve S3 interposed in conduit 53,
since its solenoid will be energized simultaneously with
starting of the compressor motor 11, will be operated to
open conduit 53 to the air actuator 59b of the valve 50
and thereby pressurize this actuator. The other exhaust
valve S4 will also be simultaneously operated to connect
conduit 44 to the air actuator 50b. As the air actuator
5¢q will be vented to the atmosphere through conduit 44
and the exhaust port of valve S2, the pressurized actuator
50b will cause the spool of valve 5¢ to shift and thus
provide the indicated porting arrangement. It will be
noted that the check valve 51 is installed in conduit 44
to permit free flow from the actuator 58z and the valve -
56 will be quickly shifted to the loaded position thereby -
permitting the compressor 10 to immediately take up the
load. :

With the valve 50 thus shifted to the loaded position,
conduit 54 will continue to be blocked and the compres-
sor 18 will necessarily pump into the air receiver 21
through conduit 20. Conduits 56 and 59 will be con-
nected forming a closed path from the oil outlet to the
inlet of the cyclone separator 57." The conduit 55 lead-
ing from the oil tank 23 will be connected to conduit 63
completing the oil supply circuit through the thermal by-
pass valve 49.

Since the pressure in the air service conduit 25 at the
time of initially starting will be below the minimum opera-
tional pressure, which may be 90 p.sig., switch PS
will be maintained in its first position energizing the sole-
noid of the valve S1. When thus energized, valve S1
will be open, permitting the separated oil to flow from
the separator 24 through conduit 27 and into the inter-
stage manifold 14, along with any air that may be mixed
therewith. Continued operation will permit the oil pump
30 to induce an oil flow through conduit 31 into the oil
gallery 32 of the compressor 10. After establishment
of a minimal oil flow, the flow switch FLS will be actu-
ated closing its contacts and thus by-pass contacts 1TRI.
The contacts 1TR1 will remain by-passed as long as oil
is flowing through conduit 3% for proper cooling and
lubrication of the compressor 10. Simultaneously with
starting the compressor, 18, the operating coil £TR of the
time delay relay will be energized and will open its as-
sociated contacts ¥TR1 after a predetermined time. in-
terval of, for example, five to ten seconds. Opening of-
the contacts 1TR1 places continued operation of the com-
pressor system under control of the flow switch FLS. At
any subsequent time, should the oil flow from the pump
30 be insufficient for cooling and lubrication, the flow
switch FLS will open to deenergize relay coil 2TR. After
a predetermined time interval, five seconds for example,
contacts 2TR1 will open causing contacts 3CR1 to open
and thus disconnect the remainder of the control circuit
from the transformer $2. Should there be an interrup-
tion in the oil fiow through conduit 31 of momentary dura-
tion at any subsequent time, the time delay relay coil 2TR
and its associated contact 2ZTR1 will prevent stopping of
the compressor 10. If the interruption of oil flow should
be prolonged, more than 5 seconds, the contact 2TR1
will open to stop the compressor and thereby prevent
damage. This relay will effect a deenergization of the
complete control circuit necessitating manual operation
of the start switch 63 for a subsequent restart. It will
be apparent that this delay relay is a safety device which
will require the operator to make the necessary repairs or
adjustments before operation of the compressor may be
continued,
 Assuming that the compressor 10 and its oil pump 36
are operating normally, air will be drawn through the air
intake filter 17 and the open unloader valve 16 into
the low-pressure stage 12 of the compressor during a
loaded operational cycle.  The air will be compressed and
discharged through the conduit 26 into the air receiver
2% and other connected tanks and conduits to build up
the compressed air supply.. The contacts of the pressure
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switch PS will remain in the illustrated first position dur-

ing loaded operation -of ihe-compressor 19 for-a. con-
* tinued supply of compressed-air. - A loaded operational

cycle will continue-as long-as there is a contintied de-

mand -for compressed air -and the pressure in the air
" service. conduit 25 does not reach the maximum operat-
ing pressure which may be about 105 p.s.ig.”

<t

When the compressed air requirements have been fully

met, or the capacify of the COmpressor is' such’ that. the-

output thereof exceeds the current air requirements, the
_compressor System’ of this invention will: automatically
oo -revért to frée-unloaded operatlon to minimize power con-
_sumption. Where the maximum desired opvratlonal pres-
" sure-may-be appronmately 105 p.si.g., as in the usual
compressed air systems, the pressure swiich PS is set to
be actuated -at this: maximum pressure and the pole
thereof will be -switched. to. the second position to. ener-
gize the 'solenoid of valve 82.  Simultaneously, the sole-
noid of valve S1 will' be deenergized and this spring-

biased valve will be closed, preventing further ‘flow of

separated oil from the separator- 24." Energization: of
the solenoid of valve S2- causes displacement of the mov-

able member. thereof to connect -the conduits: 44.and 41-

“to conduit 45.° Pressurization of the air- pilot actuator
of the unloader valve 16 is thus effected as.the pressure

in conduit 41 will be that of the air service conduit 25 to

which conduit 45 is connected and the air may flow ﬁeely
through. the check valve 42 info the air pilot actuator of

10
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M'us repzesents ‘a’ time lag which. is undesirable and

which' is- eliminated -by this. system. _Assuming that the
tanks were pressurized prior to the unloaded operation or
the compressor 18 was stopped, return of the compres-
sor to loaded operation will be accompanied by an al-
moest-immediate assumption of the compressed  air.-load
as only conduit 54 and the portion of conduit 26 between
the lngh -pressure stage 13 and the check valve 22 will
require pressurization.

Free-unloading operation of the. compressor i8¢ with
the unloadér valve 16 closed and the high-pressure side
of the.compressor opened-to the atmosphere through the

. valve 89, 'separator. §7 and exhaust -silencer- 58: will con-

the unloader valve 16. ' The unloader valve 16 -will thus -

be closed preventing further: flow. of air into the low-
pressure stage 12.
Conduif £4 being connected to the pressurized conomt

45 will also-pressurize the air actuvator 58z of valve 50

through ‘the exhaust valve 84 which remains en-argized. o

The exhaust valve S3 also remains energized:and the air =3¢

actuator 58b will be vented to the atmospherg through
the -exhaust port of the control valve S2 which is now con:

nected to conduit 53. Pressurization of the: air actuator -

5%a will. therefore shift the spool of valve ‘5% to the un-
loaded position having the ‘indicated - porting arrange-
ment. There is a delay on:shifting of the vaive spool to
the unlcaded: position since the check valve 51 .prevents
free flow in this directicn and the restriction 52 will re-
tard the flow. The delay is-desirable to assure that the
unloader valve 16 will be closed before the remainder of
~ ‘the system is- reconnected by the directional flow control
“valve 59.

R
LG

In the unloaded posmon, conduit 54-is connected to .

conduit 59°and the high-pressure stage 13 of the compres-
sor-will discharge into the cyclone separator 57. During
unloaded operation, the -air-oil ‘mixture discharged from

the compressor 19 is predeterminantly oil as there'is very

50

little-air that enters the compressor, only the air:coming -

from the scavenging system conduit 18, and
tor 57 must have an adequate capacity rating for the un-
loaded. operation. The oil flow through the. compressor

" remains substantially the same -for either loaded or un-

loaded. operation.  Air -separated from ‘the’' compressor
. discharge will be vented to- the atmosphere through the
exhaust silencer 58. Cil separated by the separator 57 is
returned:to the system through the conduit 56 which is
" now connected to:-conduit 68 through the valve 5§:

the separa--

tinue until the pressure in the air service conduit 23 has
dropped to the ‘minimal operating pressure of approxi-
mately: 90 p.si.g.; At .this pressure, the switch PS. will
be reset to its first position for further.loaded cperation,
as previously described. © Valve: S1 -will accordingly be
actuated by-energization of its solenoid to open. conduit
27 and the control valve 2 will return t6 its normal posi-
tion as its solenoid will be deenergized.” Conduit 44 will
again-be vented-to the atmosphere through valve $2-and
conduit 53 will be pressurized again-as:it wiil be con-
nected to conduit 45 through-valve 2, The pressurized

-air within the actuating cylinder of the unloader:valve 16

will exhaust through the restricted’ by-pass 43 and con-
duit" 41 't¢ the atmosphere. The ‘restricted by-pass 43
prevents .instantaneous’ operation of the unloader valve
16 for protection ‘of the valve and the compressor 18.
Alr actuator 50b is also pressurized:-again and- will shift

_the -spool -of valve 58 to the loaded position - as air ac-

tuator 58« is:now vented to the atmosphere through con-

_duit 44, check valve 5% and the exhaust port-of-the con- -

trol valve S2.  The directional flow control valve 59 thus
connects the several conduits of the system as previously
described - for operanon of -the compressor 1‘1 a loaded
state. :

Daring this free-unloaded operation ‘of the compres~
sor, the scavenging system comprising the.jet produced by
the conduit 18, " as- previously. described, and " directed
into the manifold 14 will- function to-prevent accumula-

- tion of oil"in the manifold.:

An aufomatic starting and stopping -circuit is also in-
corporated in the compressor. system, as previously indi-
cated., -During {ree-unloaded operation; the operating
coil 3TR of the third time: delay. relay will be. energized

'Slmuhaneously with the 'solenoid of valve S2.° This time

delay re Iay, which may have a delay of approximately 15
minutes-in the actuation of its. contacts’ 3TR1, will con-
trol the stoppmg of the: compressor motor 11 and.blower
motor.37. " The timing interval begins at the start of
the free-unloaded cycle and the contacts 3TRL will open
at-the expiration of this timing interval; ‘Upon opening

- of contacts 3TR1, the operating coils: ICR and 2CR ‘of

60

_The-0il supply conduit 55 leadlng froni the oil tank 23

is blocked by the porting arrangement of the directional
flow control valve 58 and compietes the isolation of the

compressnd air receiverssystem. The oil bleeder pipe- 27 .

. the motor contactors will be deenergized and thereby dis=

connect: the: . motors 1% and 37:'from the power sup-

ply lines: L%;-L2 and L3.: The : operdting: coil. ITR. of
the first time delay relay: wﬂl ‘also be-deéendrgized at the
-expiration ‘of this timing interval:

Contacts. ITRY will
instantaneously close and:the flow switch FLS will subse-
quently open when the.oil flow through ‘conduit 31 has
su‘ﬁc1°ntly decreased. -Thé:operating coil 2TR: of ‘the
second-time delay lelay will: thus remain-eénergized and

- naintain the associated. contact 2TRI ¢losed which in

65

is blocked by the closed valve 81 -.and conduit: 207is

| blocked by the check valve 22. With this system, the pre-
-viously compressed air-in the several tanks will not be-lost

whén the compressor 16 is fally: unloaded for free-uns
loaded: operation- .as’iin - accordancg with this - in-
" vention. Rptexmon of:

~tanks is of patticular advantage in large capacity-air com-
pressors, These-tanks are necessarﬂy of ‘a correspond-
~ingly large volume and require some time to' pressurize.

‘the compressed air i the

5

turn ‘maintains relay 3CRenergized: . The contact 3CR1
of this:relay will remain closed to pérmit-a subsequem
restart 'of the compressor motor 1%

- Simultaneously :with the.. deenergxzatwn of operatmg
coils 1CR, 2CR .and" £TR, the: solenoids’ of the' exhaust
valves S3 and S4 wiil-be deenerglzed "“he porting of

each valve is such- that, when the solenoid is: deenergized,

‘the air actuators 58z and-56b.wiil be vented to the atmos-

phere through an exhaust port of the respective. valve: $4
and 83.° Conduit 44, which is pressurized at this time
Lhrouon the ‘control vaive S2 1s blocked by the emaust
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valve S4 to maintain pressure. Removing air pressure
from the air actuator 50a through the exhaust valve S4
when stopping the compressor 16 as a result of opera-
tion of delay relay 3TR permits the flow control valve
50 to center. The air actuator 565 is vented to the atmos-
phere through an exhaust port of the exhaust valve S3.
Since the directional flow control valve 58 is spring cen-
tered and both air actuators are open to the atmosphere,
the spool of the valve will be returned to the center
position with all ports blocked. Inits center position, the
flow control valve 58 will prevent further fluid flow in the
system, such as a reverse flow of oil through conduit 68,
and will require a minimum of time to be shifted to its
loaded position for a subsequent operating cycle.

The exhaust valves S3 and S4 are of particular ad-
vantage in the stopping of the compressor 10, whether
a normal stop as has been described or an emergency
stop. In either case, it is desirable to have the directional
flow control valve 50 return to its center position as soon
as possible. All ports of the valve 50 will be blocked
in the center position to prevent further fluid flow, either
oil or air or a mixture, in the system. Regardless of
whether the compressor system is operating in a loaded
or unloaded cycle, the valve 50 will be permitted to return
instantly to its center position.

At any subsequent time that the pressure in the air
service conduit 25 decreases to 90 p.s.i.g., switch PS will
be reset, deenergizing the solenoid of valve S2 and the
operating coil 3TR of ‘the time delay relay and energiz-
ing the solenoid of valve S1. Contacts 3TR1 of this
relay. will be instantanecusly closed to reconnect coils
1CR, 2CR and 1TR and the solenoids of the exhaust
valves S3 and S4 into the circuit. The compressor motor
11 and blower motor 37 will thus be restarted, as previ-
ously described, in conjunction with the initial starting
phase.

It will be apparent from the above that our invention
provides in an internally oil-cooled, positive displacement
type rotary compressor, means for greatly reducing the
power required to run the compressor. in an unloaded
state, that is, when it is not pumping a substantial volume
of fluid at an elevated pressure. The unloading of the
intake side of the compressor is accomplished at the
intake valve whereas the unloading of the receiver or
high-pressure discharge side of the compressor is accom-
plished by venting the air therefrom through an oil
separator where the oil is removed from the air and
the oil is returned to the system while the air is to be
exhausted to the atmosphere without a loss of circulating

oil, Unloading of the high-pressure discharge side of the

compressor in this manner prevents loss of compressed
.air from the receiver system tanks to permit immediate
assumption of the load by the compressor upon restart
or return to loaded operation from unloaded operation.
Thus, the. power to drive the rotors during the unloaded
state of the compressor is greatly reduced. Furthermore,
-this invention provides oil scavenging means which func-
tions in association with the unloading system for pre-
venting the accumulation of oil in the interstage mani-
‘fold which otherwise might cause damage to the rotors.
The control system for the unloading and loading opera-
tions as well as all other operations of the compressor
are completely automatic. This control system includes
timing means which limits the number of starts of the
electric motors to-prevent damage thereto.

The oil tank 23, the received 21 and the separator
24 are shown as separate tanks but it is fo be understood
that the oil could collect in the bottom of the receiver
tank so that the separate oil tank could be eliminated.
‘Also, the oil separator tank could be disposed within
the receiver tank. Our free unloading system and the
_associated oil scavenging system would work equally. as
well with such modifications of the compressor. system.

According to the provisions of the patent statutes, the
.principles of this invention have been explained and have
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been illustrated and described in what is now considered
to represent the best embodiment. However, it is to
be understood that, within the scope of the appended
claims, the invention may be practiced otherwise than as
specifically illustrated and described.

Having thus described this invention, what we claim is:

1. A rotary compressor comprising low-pressure and
high-pressure stages having air-compressing rotors, a
pressure lubricating-cooling system for said stages and
connected thereto, an inlet valve connected to said low-
pressure stage for controlling the inlet of air thereto,
an air and oil receiver system connected to a discharge
port of said high-pressure stage for receiving the air and
oil mixture discharged therefrom and including a service
conduit leading therefrom, said receiver system being
connected to said discharge port by a conduit having a
check valve interposed therein to prevent fluid flow from
said receiver system, a directional flow control valve
connected fo said discharge port to vent said high-
pressure stage to atmosphere, and control means con-
nected to said valves for closing the inlet valve and
operating the flow control valve to vent said high-pres-
sure stage for freely unloading the compressor, said
control means being responsive to the pressure in said
air service conduit for actuation to close said inlet valve
and operating the flow control valve to vent said high-
pressure stage when the pressure in said service conduit
reaches a selected upper limit to thereby freely unload
the compressor while maintaining said receiver system
under pressure and to open said inlet valve and operate
said flow control valve to prevent venting of said high-
pressure stage when the pressure in said service conduit
reaches a selected lower limit to thereby load the com-
pressor, said pressure lubricating-cooling system includ-
ing a supply tank connected in said receiver system and
an air-oil separator vented to atmosphere, said supply
tank and air-oil separator being connected fo said flow
control valve whereby actuation thereof to a first posi-
tion will operatively connected said supply tank in said
lubricating-cooling system and actuation to a second
position will operatively connect the separator to the
discharge port of said high-pressure stage, said valve when
in said second position also preventing further outfiow
from said supply tank.

2. A rotary compressor comprising low-pressure and
high-pressure stages having air-compressing rotors, a
pressure lubricating-cooling system for said stages and
connected thereto, an inlet valve connected to said low-
pressure stage for controiling the inlet of air thereto,
an air and oil receiver system connected to a discharge
port of said high-pressure stage for receiving the air
and oil mixture discharged therefrom and including a
service conduit leading therefrom, said receiver system
being connected to said discharge port by a conduit
having a check valve interposed therein to prevent fluid
flow from said receiver system, a directional flow con-
trol valve connected to said discharge port to vent said
high-pressure stage to atmosphere, and control means
connected to said valves for closing the inlet valve and
operating the flow control valve to vent said high-pressure
stage for freely unloading the compressor, said control
means being responsive to the pressure in said air service
conduit for actuation to close said inlet valve and operat-
ing the flow control valve to vent said high-pressure
stage when the pressure in said service conduit reaches
a selected upper limit to thereby freely unload the com-
pressor while maintaining said receiver system under
pressure and to open said inlet valve and operate said flow

control valve to prevent venting of said -high-pressure

stage when the pressure in said service conduit reaches
a selected lower limit to thereby load the compressor,

said air and oil mixture receiver system including an air-

oil separator, a conduit connecting the separator with
said pressure lubricating-cooling system at a point which

;is substantially lower in pressure, and a two-way valve
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mtvrposed in said- conduit and operatlvely connected to
said control means, said valve having a first position

wherein said conduit is blocked and a second ‘position .

permitting fluid flow- through said conduit.

3.. A rotary compressor ‘according to claim 2 in which
said low and high-pressure ‘stages are connected by an
interstage manifold and. said conduit leading from said
receiver system is connected to said manifold.

4. A rotary -compressor comprlsmg low-pressure .and
high-pressure stages having air-compressing rotors, a-pres-
sure ‘lubricating cooling system- for 'said stages and con-
nected thereto, an inlet valve connected to said low-pres-
sure stage for controlling the inlet of air thereto, an air

and oil teceiver system connected to a discharge port of

said-high-pressure stage for receiving the air and oil mix-
ture discharged therefrom and including a-service conduit
leading therefrom, said receiver system being connécted to
said " discharge port by a conduit having.a check valve
interposed therein to prevent fluid flow from said receiver
system, a directional flow control valve connected to said
discharge port to vent said high-pressure- stage to atmos-
phere; ‘and control means connected to said valves for

closing the inlet valve. and operating the flow control °

valve to vent said high-pressure stage for freely unloading
the-compressor, said -control means being responsive to
the pressure in said air service conduit: for ‘actuation to
close said inlet: valve and operating the flow control vaive
to vent said high-pressure stage when the pressure in said
service conduit reaches a selected ‘upper limit to-thereby
freely unload the compressor while maintaining said :re-
ceiver system under pressure-and to open said:inlet valve
and-operate said flow control valve to prevent venting of
said high-pressure stage when the pressure in'said service
conduit reaches a selected lower limit to thereby load the
compressor, said inlet valve and said.flow control valve
_-being air-actuated, and-said- control- means including a
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being op serative to-start said-rotor drive motor when the
pressure in said air service conduit reaches said selected
lower: limit and to stop said rotor drive motor when the
pressure in said air servicé conduit reaches and is main-
tained at said selected -upper limit: for. a predetermmed
time interval.

6. A rotary compressor accordmg to clarm 5 wherem
said ‘control apparatus includes timing means- connected
therein for ascertaining said’ predetermmed time interval.

7.: A rotary: compressor according to claim ¢ wherein
said pressure lubricating-cooling system: includes. a heat
exchanger of the forced . circulation type having a drive
motor: and ‘said control -apparatus is operative for selec-
tively starting . and stopping said’ heat ‘exchanger drive
motor.

8. A" rotary COmpressor corrprxsmg low-prcssure and
high-pressure stages having air:compressing rotors; a pres-
sure -lubricating-cooling system for- said: stages and con-
nected thereto, an--inlet :valve . commected to said low-
pressure ‘stage: for controlling :the inlet of .air thereto, an
air dnd oil receiver system connected to a discharge port
of said high-pressure stage for receiving the air and oil

" mixture: discharged “therefrom and"including a service

conduit leading therefrom; said receiver system being con-
nected to said discharge port by a conduit having a check
valve. interposed -therein to_prevent fluid flow from said
receiver system, a directional flow control valve connected

- to-said- discharge port to vent said high-pressure stage to
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control .valve having -an electromagnetic solenoid for the -

actuation thereof, a conduit interconnecting ;said inlet -

valve and said flow: control. valve through said’ control
valve to a source of pressurized air, and an electric circuit

having a power: source and switch means connected in -
circuit with said centrol valve solerioid, said switch means

being. of the pressure-actuated. type having a: pressure-

responsive element which is pneumatically connected to: -

said air service conduit for actuation: of said switch means
in accordance with the pressures in said service conduit.

5. A rotary compressor. comprising low-pressure and
high-préssure - stages  having  air-compressing . rotors,  a
pressure lubricating-cooling .system - for: said stages and
connected thereto, an inlet valve connected to-said- low-
pressure stage for conirolling the inlet of air thereto, an
air.and oil receiver system- connected:to a'discharge port

40.

T 45

50

of 'said high-pressure stage for receiving the air and oil

mixture discharged therefrom and including a service con-

duit ‘leading therefrom, said receiver system-being con- -

nected to said discharge port by a conduit -having a check
valve ‘interposed therein to prevent fluid flow from .said
recéiver-system, a directional flow control valve-connected:
to said discharge port to vent said high-pressure stage.to
atmosphere; and control means: connected -to said valves
for closing the inlet valve and. operating the flow control
valve to vent said high-pressure stage for freely unloading

the cOmplnssor said control means being responsive to the.
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pressure in said air service conduit for ‘actuation to close. -

said irlét valve and operating the flow control valve to
“vent said high- pressure stage:'when the pressure: in said
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service conduit reaches a selected upper limit to thereby

freely unload the compressor while majntaining said. re-
ceiver system under pressure and to open said inlet valve

and. operate said flow control valve to prevent venting of -

said high-pressure stage when-the pressure in said service.
conduit reaches a selected lower limit to thereby load the
‘compiessor, sald air ‘compressing rotors being coupled.to

" a drive. motor-for ‘the ‘operation thereof and said control -
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‘mearns including control apparatus for selectively starting. "

- or stopping said rotor drive motor, said control apparatus
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atmosphere, - and . control means connected to:said: valves
for closing the inlet valve and operating the flow control
valve to-vent said high-pressure stage for freely unloading
the. compressor, said control means being.responsive to
the pressure in said air: service. conduit-for actuation to
close said inlet-valve and operating the flow control valve
to-vent said high-pressure stage when the pressure in said
service. conduit reaches a selected upper hrmt to thereby

'freely unioad the compressor; while.maintaining” said re-

ceiver system under pressure-and to open said inlet valve
and operate. said flow control valve to prevent venting of
said-high-pressure stage when thé pressure in-said service
conduit reaches a selected lower limit to thereby load the
compressor, said.-low: and high-pressure stages being con--
nected by an interstage manifold and includirig means for
scavenging oil from said manifold during unloaded opera-
tion, 'said means comprising a fluid conduit connected to
said manifold at the upstream: end. thereof and connected
to.a source. of fluid under greater pressure than that in
the ‘manifold durlnﬂ unloaded operatlon -of the ‘compres-
SOT.

9. A ‘rotary compressor comprrsmg 1ow-pressure and-
high-pressure -stages: having -air-compressing: -rotors, a
pressure. Iubrrcatmg—corhng system, . for said" stages and
connected- thereto; an inlet valve connected to said ‘low-

pressure lubrrcatln‘r-coohng system : for -said stages and

air and oil receiver system-connected tova dlscharge port
of ‘said hrgh -préssure. stage for receiving the air and oil

-mixture - discharged " therefrom and including a service -

conduit: leading ' therefrom; said ‘receiver system: being
‘connected tosaid discharge port by a conduit having a
check valve interposed therein to prevent fluid flow from -
said receiver system,:a directional flow control valve con- .
nected to said. discharge port to vent -said:high-pressure
stage to .atmosphere; and. control ‘means connected to said
valves for.closing the. inlet valve :and operating the -flow
control .valve to -vent said -high-pressure stage for freely
unloading the..compressor,:'said “control means. being re~
sponsive to the pressure.in said air.'service’ conduit. for
actuation to- close said :inlet.valve ‘and operating:the flow
control valve to vent said high-pressure stage when the
pressure in said service conduit reaches.a selected upper
limit-to thereby freely. unload the compressor while main-

taining said: receiver systeny’ under: pressure and to- open -
-said inlet valve and operate said flow control valve to pre-

vent venting of said-high-pressure stage when the pressure.

‘in “said - service  conduit reaches ‘a selected low limit to. ;
'thereby load the compressor, saJd low and’. hlgh—pressure' o
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stages being connected by an interstage manifold and
including means for scavenging oil from said manifold
during unloaded operation, said means comprising a fluid
conduit connected at one end to the upstream end of said
manifold and open at the opposite end to the atmosphere,
said fluid conduit having a check valve interposed therein
to prevent fluid fiow therethrough from said manifold
during loaded operation of the compresscr.

10. A rotary compressor comprising interconnected
low-pressure and high-pressure stages having air-com-
pressing rotors, a drive motor coupled to said rotors, an
inlet valve connected to said low-pressure stage for con-
trolling the inlet of air thereto, an air and oil receiver
system connected to a discharge port of said high-pressure
stage for receiving the air and oil mixture discharged
therefrom and including an air-oil separator, an air serv-
ice conduit connected to said receiver system, a conduit
interconnecting said receiver system with said high-pres-
sure stage having a check valve interposed therein to
prevent fliid flow from said receiver system to said high-
pressure ‘stage, an oil bleeder conduit connected to said
air-oil separator for removal of oil separated therefrom
and including means for restricting the outfiow of fluid,
a two-way valve interposed in said oil bleeder conduit
and operative to block said conduit in a first position and
permit fluid flow through said conduit in a second po-
sition, means for actuating said two-way valve, a pres-
sure lubricating-cooling system for said stages and con-
nected thereto including an oil supply tank communicat-
ing with said receiver system for accumulating oil re-
ceived by said receiver system during loaded operation
of the compressor, a second air-oil separator vented to
the atmosphere, and an oil supply conduit connected to
said stages, a directional flow control valve connected
to said oil supply tank, said second air-oil separator, said
cil supply conduit and the discharge port of said high-
pressure stage between said discharge port and the check
valve in the conduit comnecting with said receiver -sys-
tem for selectively controlling the flow of the air and oil
mixture discharged from said high-pressure stage and to
control the flow of oil in said pressure lubricating-cooling
system, and control means connected to said inlet .valve,
said directional flow contrcl valve and the actuating
means of said two-way valve for closing the inlet valve,
operating the flow control valve to vent said high-pressure
stage while maintaining a flow of il throngh said {ubri-
cating-cooling system and closing said two way valve to
block the bleeder conduit for maintaining said receiver
system under pressure, said control means being respon-
sive to the pressure in said air service conduit to close
said inlet valve, operate said flow control valve to vent
said high-pressure stage and to cause said two-way valve
to close when the pressure in said air service conduit
reaches a selected upper limit to thereby freely unload
the compressor while maintaining said receiver system
vnder pressure and to open said inlet valve, operate said
flow control valve to prevent venting of said high-pres-
sure stage and to cause said two-way valve to open when
the pressure in said service conduit reaches a selected
lower limit to thereby load the compressor.

11. A rotary compressor according to claim 18 wherein
said directional flow control valve is of the three-position
type having a first position in which flow of oil in said
Tibricating-cooling system is. prevented and said high-
pressure stage is not vemted, a second position in
which said high-pressure stage is not vented and said
oil supply tank is connected in said lubricating-cooling
system and a third position in which said high-pressure
“stage is vented to atmosphere through said- second air-oil
separator, said second oil separator is connected in said
tubricating-cooling system and further flow of oil from
said oil supply tank is prevented.
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are air-actuated and said two-way valve is actuated by
an electro-magnetic solenoid, and said control means in-
cludes a control air valve having an electromagnetic actu-
ating solenoid, a conduit interconnecting said inlet valve
actuator and said fiow control valve actuator through said
control valve to a source of pressurized air, and an elec-
tric circuit having a power source and switch means con-
nected in circuit with said control valve solenoid and said
two-way valve solenoid, said switch means being of the
pressure-actuated type having a pressure-responsive ele-
ment which is pneumatically connected to said air serv-
ice conduit for actuation of said switch means in accord-
ance with the pressures in said service conduit.

13. A rotary compressor having a fluid inlet system and
a fluid receiver system with fluid-compressing means con-
nected therebetween, a pressure lubricating-cooling sys-
tem for said compressing means and connected thereto,
an inlet valve forming pait of said inlet system for con-
trolling the inlet of air to said compressing means, said
receiver system being comnected to a ‘discharge port of
said compressing means for receiving air and oil mixture
discharged  therefrom and including a service conduit
leading theréfrom, said receiver system being connected
to said discharge port by a conduit having a check valve
interposed therein to prevent fluid flow from said re-
ceiver system, a directional flow control valve connected
to said discharge port to vent said compressing means to
atmosphere, and control means connected to said valves
for closing the inlet valve and operating the flow control
valve to vent said compressing means for freely unload-
ing the compressor, said control means being respensive
to the pressure in said air service conduit for actuation
to close said inlet valve and operating the flow control
valve to vent said compressing means when the pressure
in said service conduit reaches a selected upper limit to
thereby freely unload the compressor while maintaining
said receiver system under pressure and to- open said
inlet valve and operate said flow control valve to prevent

venting of said compressing means when the pressure in

said service conduit reaches a selected lower limit to there-
by load the compressor, said pressure lubricating-cooling
system including a supply tank connected in -said re-
ceiver system and an air-oil separator vented to atmos-
phere, said supply tank and air-oil separator being con-
nected to said flow control valve whereby actuation there-
of to a first position will operatively connect said supply
tank in said lubricating-cooling system and actuation to
a second position will operatively connect the separator
to the discharge port of said compressing means, said
valve when in said second position also preventing further
cutflow from said supply tank.

14. A rotary compressor having a fluid inlet system
and a fluid receiver system with fluid-compressing means
connected therebetween, a. pressure lubricating-cooling
system for said compressing means and connected there-
to, an inlet valve forming part of said inlet system for

controiling the inlet of air to said compressing means, said

receiver system being connected to a discharge port of
said compressing means for receiving air and oil mixture
discharged therefrom by a conduit having a check valve
interposed therein to prevent fiuid flow from said receiver
system when the compressing means is loaded, a direc-
tional fow control valve connected to said discharge port
of said compressing means, said pressure-lubricating cool-
ing system including an air-oil separator having an inlet
connected to said flow valve and having an air outlet
connected to atmosphere and an. oil outlet connected to

~ said flow valve, said receiver system also including oil-
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12. A rotary compressor according to claim 18 in which -

said inlet valve and said directional flow control valve

accumulating means having an oil outlet line connected
to said flow valve, said pressure lubricating-cooling sys-
tem also including an oil inlet line leading from said flow
valve to said compressing means which connects with
said oil outiet line through said fiow valve when the com-
pressing means is loaded, and control means connected to
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said valves and to said receiver system and responsive. {0
a predetermined. pressure in said receiver system to close
the inlet valve to.unload the compressing means and to -
operate the flow control valve to connect said. discharge
port of the compressing means to said inlet of the sep-
arator and to comnect said oil outlet of the separator. to
said .oil inlet line and also to block said accummuiating
-means oil.outlet line to prevent flow of fluid from the re-
ceiver system.

15. A ‘compressor according to claim 14 in which 'said
receiver system also includes an air-oil separator, a bleed

. -line leadirg from said last-named separator to said com-:
- pressing .means, and a control valve in said bleed line
connected to said control means and actuated thereby in
response to said predetermined receiver pressure to block
.said line. : ‘ .

16. A rotary compressor having a fluid inlet system
and- a fluid receiver system with fluid-compressing means
connected therebetween, a pressure lubricating-cooling sys-
tem for said compressing means and connected thereto,
-inlet valve means forming part of said inlet system for '
controlling the inlet of.air to said compressing means,
said receiver- system being connected to a discharge port
of said compressing means for receiving air and oil mix-
ture discharged: therefrom when said compressing means
.is loaded, directional flow control valve means connected
.to.said discharge .port of said compressing: means; said
pressure-lubricating. cooling" system also including an oil
inlet line leading from said flow control valve means to

--said compressing means which connects with said oil out-
let line through said flow valve when the eompressing
means is- loaded, and control means connected to said
valve means and to said receiver system and responsive to
a predetermined pressure-in said receiver system to close
the inlet valve means to unload the compressing means -
and to operate the flow control valve means to ‘connect
said discharge port of the compressing means to said inlet
of the separator and to connect said oil outlet of the
separator to said oil inlet line and also to block said
accumulating means  oil outlet line to prevent flow of
fluid -from the receiver.system.

17. A rotary. compressor having a fluid inlet system
.and 2 fluid receiver system with fluid-compressing means
_connected therebetween and having a discharge outlet, a
_pressure lubricating-cooling system for said compressing
_mneans and connected- thereto, inlet valve means forming
part of:said inlet system for controlling the. inlet of air
to said- compressing means; said receiver system ‘being
connected to the discharge outlet of said compressing
-means for réceiving air and oil mixture discharged there-
from. when.the compressing means is loaded, directional :
flow contrdl valve means connected to said compressing -
means discharge outlet and. to an exhaust outlet but
interrupting comimunication thérebétween when the come
pressing means is loaded, said receiver system having an
oil' outlet connected to said comtrol valve means, said
‘pressure-lubricating cooling ‘system also including an oil
inlet leading from said flow control valve means to said
compressing means, which communicates with said oil out-
Tet thréugh said-valve ‘means when the compressing means
is' loaded;, and control means connected to said valve
‘means and résponsive to a predetermined pressure in said
receiver system to close the inlet valve means to unload
the compressing méans and to operate the flow control
~valve means to connect said discharge outlet of the com-
pressing means to said exhaust outlet and to block said
oil outlet to prevent flow of fluid from the receiver Sys-
tem, g
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18. A rotary compressor.having a- fluid inlet system
and a fluid receiver system' with fiuid-compressing. means
connected. therebetween and having a discharge outlet, a
pressure lubricating-cooling system :for said compressing
means and connected thereto, said inlet ‘system including
unloading means for: unloading .the .compressing means,
said receiver system comprising a first section connected
to said discharge outlet through a check valve for receiv-
ing the air and. oil mixture discharged through said dis-
charge outlet from said compressing. means while it is
loaded and a second section for receiving the air and oil
mixtore discharged through said cutlet when the com-
pressor is unloaded, said second section béing.connected
to atmosphere, said pressure-lubricating cooling system
including an oil inlet line connected to said ‘compressing
means, said first receiver section having an oil return line
and' said second receiver section having an oil return
line, flow valve means comnecting said oil return line-of
the first: receiver section to said oil inlet line and dis-
connecting the oil return line of the. second réceiver sec-

_tion from said oil inlet line When the compressing means
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is-loaded, and coritrol means connected to-said flow con-
trol valve means and-to said unloading means.to operate
both of said meafns upon receiver pressure reaching a pre-

-determined - amount, said control means actuating said

valve means to connect said discharge outlet of the com-
pressing ‘mreans - to. said second receiver :section and to
disconnect said oil return line of said first receiver section
from said oil inlet line but to connect said oil return line
of the second receiver section to said oil inlet line.
.I9.°A rotary compressor having a fluid.inlet system
and a floid receiver system with fluid-compressing means
sonnected. therebetween and having a- discharge outlet, a
pressure lubricating-cooling system for said compressing
means and connected thereto, said inlet system including
unioading means -for unloading the compressing means,
said. receiver system comprising-a first. section for receiv.

_ing the air and oil mixture discharged through said dis-

40

45

charge outlet from said compressing means while it is
loaded and a second section for receiving the air and oil
mixture discharged. through- said outlet when the - com-
pressing means. is unloaded, 'said second- section having
venting means adapted to be. connected to the discharge
outlet of 'said compressing means, each of said receiver
sections having oil collécting and return passages adapted
to be connected to said compressing means, valve means
for normally disconnecting the return. oil passdge of the

“second ‘receiver section from the compressing means and

for connecting the return oil passage of the: first receiver
section to the compressing means and - disconnecting said
discharge outlet from said’ venting means, and ‘control
means responsive to receiver pressure for actuating said
unloading means and actuating said valve means to dis-
connect the return oil passage of the first receiver section
from said compressing means and to connect the return
oil passage of the second receiver section to said coms-
pressing means and also to congect the discharge outlet

of the compressing means to said venting means.
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