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1

This invention relates to control systems for
controllitig automatically the operation of pumps
O COMPressors. .

It is sometimes necessary, where the demand
for pressure fluid varies considerably, to provide
several compressors with control systems which
operate automatically to control the operation
of the various compressors in aceordance with
the demand. The control of the compressors
should be such that the capacity of the system
may be changed in small increments between gz
fraction of the output of one compressor and
the maximum output of the combined compres-
sors, and such that efficient operation is obtained
regardless of the quantity of pressure fluid sup-
plied,

The control systems of this invention are
adapted to such control. If a large quantity of
bressure fluid is needed and there is but little
change in the need, all of the compressors are
conrniected te operate, but the control system. for
one of the compressors operates automatically to
unload and reload its compreszor in steps as the
demand varies. If the need for pressurve fluid de-
creases and the discharge pressure increases even
when the compressor on step control is complete-
ly unloaded, then the other compressors are un-
loaded completely one at a time. The control
systems are adapted to effect a reloading of the
latter compressors if the discharge pressure drops
certain amounts within predetermined time pe-
riods, but. otherwise cause their driving motors to
be stopped. After the driving motors have heen
stopped, they are not started again until mini-
mum discharge pressures have been reached.
The compressor cperating on step leading and
unlogding is driven continucusly, and is reloaded
in steps at pressures somewhat ahove the mini-
mum pressures at which the driving motors for
the other compressors are started. This com-
pressor then operates alone or in combination
with any of the other compressors whose driving
motors were not stopped, to carry the load. In
order that each of the compressors may be sub-
jected to the same amount of wear, means are
provided for making the control systems selec-
tively operative to effect step control by any one
of the compressors while the others operate on
complete loading and unloading with a starting
and stopping of their driving motors.

An object. of this invention is to provide an
improved control system for pumps or compres-
sors.. Another object is to provide an improved
control system for a plurality of pumps or com-
pressors delivering fluid to a common discharge
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line, said. control system operating automatically
to control the operation of the pumps or com-
bressors in accordance with the pressures in the
discharge line. Still another object is to pro-
vide for a plurality of compressors delivering fluid
into & common discharge line and an improved
control systein for each compressor, with each
control system being selectively adjustable to
provide different controlled operations of its re-
spective compressor.  Yet another object is to
provide an improved compressor system includ-
ing a plurality of compressors and automatic
control means therefor, said control means pro-
viding stepped leading and. unloading for at least
one of the compressors and complete loading and
unloading at different discharge pressures for the
other compressors. Still another object is to
provide improved.centrol means for a plurality of
compressors discharging intoa common discharge
line, said centrol means being selectively oper-
ative to effect stepped loading and unloading
during continuous operation of any one of the
compressors, and complete loading and unload-
ing at different pressures of the other compres-
sors with a starting and stopping of their driv-
ing motors. Yet another ohject of this invention
is to provide improved control systems for a ply-
rality of compressors, said control systems being
selectively operative to provide stepped loading
and unloading or complete loading and unloading
of the compressors, with unloading taking place
when centrol circuits of the systems are de-en-
ergized so that a gradual stopping of the com~
pressors may be assured at all times., These and
other chjects of my invention will hereinafter
more fully appear.

In the accompanying drawings in which two
Mlustrative forms of the invention have been
shown:

Fig, 1 is a schematic view of a compressor sys-
tem having the improved control means incor-
porated therein.

Fig. 2 includes a schematic diagram of one of
the compressors and an enlarged view of the con-
trol system therefor, parts being shown in sec-
tion,

Fig. 3 is an enlarged sectional view through a
portion-of a lower pressure cylinder and its in-
take connection,

Fig. 4 is an enlarged sectional view through a
portion of a high pressure eylinder and unload-
ing means therefor.

Fig. 5 is a view similar to that of Fig. 2 but
showing a modification of the invention,

In the illustrative embodiment of the invention
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shown in Figs. 1 to 4, compressors , 2, 3 and 4
discharge into a common discharge line 5 and
have individual control systems, generally des-
ignated 6, 7, 8 and 9. It will be understood that
the number of compressors and control systems
is not at all necessarily limited to four, but this
number has been shown because it indicates con-
veniently the variations of control that may he
obtained.

Each of the compressors is multi-stage and in-
cludes a pair of double acting low pressure cyl-
inders {1, 11’ and a pair of double acting high
pressure cylinders 12, 12’ Fluid is supplied to the
low pressure cylinders through intake connections
14, 18’, and is compressed in the low pressure cyl-
inders and is then delivered through intercoolers
15, {5’ to the high pressure cylinders where it is
compressed again and then delivered throtgh
connections 1§, 15’ to a common conduit {7 com-
municating with the discharge line B. These

compressors are merely illustrative of a type of -

compressor that is suitable for use with the con-
trol systems of this invention. Any compressor
that is capable of step controlled loading and un-
loading may be used. i

As shown in Tig. 3, an intake closure valve {9
is provided in each of the intake connections to
the low pressure cylinders. Each valve {9 is pro-
vided with a stem 28 carrying a piston 21 which is
reciprocably mounted in a bore 22. Surrounding
the valve stem is a coiled spring 23 acting against
the piston 21 for holding the valve normally in its
open . position. Pressure fluid may be supplied
through a port 24 to the outer end of the bore
22 where it acts on the piston 21 and forces the
1atter, against the spring 23, to close the valve {9.
At the ends of each low pressure cylinder are inlet
valves 25 for controlling the flow of fluid between
the intake connection and the bore 25 of the cyl-
inder, and discharge valves, not shown, for con-
trolling the flow of fluid between the cylinder bore
26 and the intercooler. The inlet valve at the
head end of each low pressure cylinder is adapted
to be held open by a suitable fiuid actuated device
27 for unloading that end of the cylinder.

The unloading device 27 herein comprises a
diaphragm 28 clamped within a chamber 88 and
carrying fingers 8! which are adapted tc engage
the inlet valve and move the latter from its seat.
The fingers 3! are normally held out of engage-
ment with the valve by a spring 32 acting on the
lower surface of the diaphragm, and may be
moved in a valve opening direction by pressure
fluid supplied through passage means 34 to the
outer side of the diaphragm.

The high pressure cylinders {2, {2’ are provided
with suitable inlet and discharge valves, not
shown, and one of the inlet valves in the head
end of each of the high pressure cylinders is
adapted to be held open, as shown in Fig. 2, by an
unloading device 38 similar to the unloading de-
vice 21. 'The high pressure cylinders are also
provided, as shown in Fig. 4, with pressure re-
sponsive means, generally designated 38, for ef-
fecting an unloading, herein shown as by venting
to the atmosphere, of the ends of the high pres-
sure cylinders when their respective intercoolers
have been pumped down until a subatmospheric
pressure exists therein.

The unloading means 38 comprises a dia-
phragm 46 clamped within a chamber 4{ and sub-
jected on its upper side to intercooler pressure
through a connection 42 and on its lower side to
atmospheric pressure through an opening 43. A
stem 48 is clamped to the diaphragm 48 and is
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adapted to engage a valve 45 and move the latter
from its seat against the action of a spring 45 for
connecting a passage 47 to atmosphere through
a chamber 8. The passage 47 communicates at
opposite ends of the high pressure cylinder with
chambers 48 containing check valve mechanisms
58, herein a pair of the regular discharge valves of
the high pressure cylinder.

The compressors may bé individually unloaded
in steps as follows: Pressure fluid is supplied first,
as shown in Fig. 2, to the unloading devices 27 and
26 in the head ends of the low pressure cylinder f!
and the high pressure cylinder {2. At a predeter-
mined increase in discharge pressure the head
ends of the low pressure cylinder 11’ and the high
pressure cylinder 12’ are unloaded by cpening the
inlet valves in these ends. The third step of un-
loading is effected by supplying pressure fluid to
close the intake closure valve {9 in the intake con-
nection for the low pressure cylinder {!{. 'The
fourth step of unloading takes place when the
intake closure valve in the intake connection (4’
to the low pressure cylinder (i’ is closed.- The
loaded ends of the high pressure cylinders con-
tinue $0 pump fluid from their intercoolers to the
supply line § even after the supply of fluid to the
intercoolers has been completely cut off by the
closing of the intake closure valves. When the
pressure in the intercooler is reduced to sub-
atmospheric, the diaphragm 48 of the unloading
device 38 is forced inwardly by the atmospheric
pressure acting on its outer side and causes the
valve 45 to be unseated by the stem 44. The pas-
sage 87 then communicates past the valve 45 to
atmosphere through the chamber 48, and any
pressure fluid in the chambers 49 escapes through
the passage 47 so that the valves 50 are opened
when the pressures at the ends of the high pres-
sure cylinder bore exceed atmospheric by a small
amount, and the small amounts of fluid that may
be compressed in the high pressure cylinders dur-
ing unloaded operation are discharged to atmos-
phere.

Reciprocably mounted within the low and high
pressure cylinders are pistons 52 and 53 having
piston rods 54 and 55 connected to a comrnon
crankshaft, not shown, for actuation thereby. A
separate power unit 56, shown herein as an elec=
tric motor, is provided for driving each crank-
shaft.

The control systems 6, 7, 8 and 9 are herein
identical, and each comprises, as shown in Figs.
1 and 2, solenoid controlled valves 68, 61, 62 and
63 having control circuits which may be opened
and closed separately respectively by pressure re-
sponsive switches 64, 63, 65 and 67 when the com-
pressor operates on step loading and unloading,
and which may be opened and closed simultane-
ously by a pressure responsive switch €8 when the
compressor operates on complete loading and un-
loading. A manually operated switch 19 is pro-
vided . to enable selective step control or com-
plete loading and unloading control.

Tach of the solencid controlled valves 88, ¢, 62
and 63 includes a casing T{ having chambers 72
and 18 communicating, respectively, through
ports T4 and 15 with a chamber 16. The cham-
bers 72 are connected by branch conduits 17, 18,
78 and 80 to a common conduit $f opening into
the compressor discharge line B, and the cham-
bers 73 are.connected to atmosphere through ex-
haust ports 82. The chamber 75 of the valve 60
is connected by a conduit 83 and branch conduits
84 and 85 to the unloading devices 2T and 36.of
the low and high pressure cylinders il and i2.
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The chamber 76 of the valve 61 is connected
through a conduit 86 and branch conduits 87 and
88 to the unloading devices 27 and 36 of the low
and high pressure cylinders {1’ and 12’. The
chambers i6 of the valves 62 and 63 are con-
nected, respectively, by conduits 89 and 98 to the
ports 24 in the intake closure valve operating
cylinders associated with the intake connections
{4 and {4’. Extending through the ports 74 and
13 is a valve stem 92 carrying valve members 93
and 84 which are adapted to engage valve seats
surrounding the ports 74 and 75 and cut off com-
munication between the chamber 75 and the
chambers 72 and 723. The valve stem is held nor-
mally by a spring 8% in a position to seat the
valve member 893 and unseat the valve member
24. Attached to one end of the valve stem is
a plunger 88 which is pulled by the magnetic
force of an associated solencid, later described,
when the latter is energized, in a direction to seat
the valve member 94 and unseat the valve member
g2,

Solencid windings 7, 88, 89 and 186 are pro-
vided for the valves 88, §1, 62 and 83 respectively;
and these windings are connected at one end to
a common conductor {0f leading to a terminal
£82 of a switch {83 which forms part of a motor
starting device later described. The other termi-
nal 184 of the switch is connected by a conductor
{€9 to one side Lt of a power line, The opposite
ends of the solenoid windings 87, 98, 89 angd 109
are connected, respectively, to conductors 135,
{81, 188 and {09 leading to contacts 110, 111, 112
and (43 of the pressure responsive switches 64,
5, 88 and §7. These same ends of the solenoid
windings are also connected by conductors 114,
£45, {18 and {17 to contacts of a solenoid oper-
ated switch (18 which is normally held in an
ocpen position by a spring {19. The other con-
tacts of the switch {18 are connected by a con-
ductor 128 to a contact {21! of the pressure re-
sponsive switch 68, Another contact 122 of the
switch 68 is connected by a conductor 123 to a
third contact {24 of the switch 68, and the con-
tact {24 is connected by a conductor 25 to a
contact 128 of the manually operated switeh 70.
The pressure responsive switches 64, §5, 65 and 67
are provided with contacts 127, 128, 129 and 138
connected by a common conductor 121 to a con-

tact 122 of a solenoid operated switch $33 which :

is normally held in a closed position by a spring
{84, The switch 133 is provided with another
contaet 188 which is connected by a conductor {35
te the other side La of the power line.

Each driving motor 5% for the compressors is
provided with an automatic starting device 148, as
shown in Fig. 1. This starting device is of stand-
ard construction and includes the switch (83, mo-
tor switch devices and a suitable solenoid oper-
ating means, not shown, the solenoid operating
means acting when energized to close the motor
switch devices and the switch 183, the latter be-
ing preferably closed when the starter reaches
running position. One terminal of this solenoid
is connected by a conductor i4] to the power
line i and the other terminal is connected
through one of two circuits to the power line L.
One of the circuits includes a conductor {42 ex-
tending from the device to a contact {43 of the
manually operated switch 18, the contactor of
the switch 78, and a wire 144 connecting the con-
tactor to the power line Le. The other circuit in-
cludes the conductor 142, a conductor 145 branch-
ing from the conductor {42 and connected to a
contact 146 of a solenoid operated switch 147, and
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a conductor {48 extending from the other con-
tact 149 of the switch 147 to the power line L.
The switch 147 is normally held in an open POsi-
tion by a spring 150.

The solenoid operated switches 133, 118 and
{47 are provided with solenoids (52, 153 and 154,
respectively connected at one end by conductors
i85, 156 ang 157 to the power line Li. The other
ends of the solenoids are connected by conductors
{88, 159 and 160 to a common conductor {61 lead-
ing to a contact 182 of a time relay 163. The
other contact 164 of the time relay is connected
by a conductor {65 to the contact 126 of the man-
ually operated switch 70. The time relay 183 is
normally held in an open position by a spring 167,
and is provided with a solenoid {68 which effects,
when energized, immediate closure of the relay
and delays, on de-energizing, the opening of the
relay for a predetermined period of time. One
end: of the solenoid 68 is connected by a con-
ductor 188 to the power line Lo, and its other end
is connected by a conductor {13 to a contact {7l
of the pressure responsive switch 68.

The pressure responsive switches 64, 65, 65, 61
and 68 may be of any suitable {ype, and are shown

. herein as being actuated by diaphragms 113 to

which pressure fluid is supplied from the pres-
sure discharge line 5 through the conduit 81 and
& branch conduit {74. The switches 64, 65, 6%
and 67 of the control system for each compressor
are adjusted to operate successively at pressures
within a range of 90 to 100 pounds. In this case
the switches 64, 85, 86 and 67 close successively at
pressures of 94, 96, 98 and 100 pounds and open
again as the pressure drops a pound or two be-
low that at which each switch closed. 'The pres-
sure responsive switches 68 of the control circuits
6, 7, 8 and 9 normally assume positions to con-
nect the contacts 124 and 171 and operate suc-
cessively at pressures exceeding 100 pounds, here-
in at pressures of 101, 102, 103 and 104 pounds,
to connect the contact 121, {22 and to break the
connection between the contacts 124, {11, "After
the switches 68 have once moved to their upper

5 positions connecting the contacts £21, 122, they

remain in such positions until the pressure drops
to values somewhat below those at which the pres-
sure switches 64, 65, 65 and 67 operate. The
switches 68 of the circuits 8. 7, 8 and 9 herein
drop successively to their lower positions con-
necting the contacts 124, {74 at line pressures of
86. 87, 88 and 89 pounds.

The operation of the compressor system is as
follows. Assume that compressor | is to operate
on step controlled loading and unleading with
continuous operation of its motor, and that com-
pressors 2, 3 and 4 are to operate on complete
loading and unloading with a stopping and start-
ing of their driving motors in accordance with
the demand for fluid. The manually controlled
switch 78 of control circuit 6 will be moved to s
position connecting contact {43 to the conductor
144 leading to the power line Le, and the switches
10 of the control circuits 7, 8 and 9 will be moved
to positions connecting contacts 126 to the con-
ductor 144,

The control circuit § then provides for the
motor starting device 149 of compressor | a cir- -
cuit including the conductor 141 connecting cne
side of the device 140 to the power line Li, and
the conductor 142, switch 70 and conductor 144
connecting the other side of the device to the
bower line Ie. Current flows continuously
through this circuit and keeps the driving motor
for compressor | running and the switch (03
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closed. “The pressure responsive switches ‘64,65,
66 and 67 have their contacts 127, 128, 129 and
139 .connected to the power line Lz through the
conductor 131, switch 33 and conductor 136, and,
sinee the .solenoid 152 for switch 133 will be de-
energized at this time, the switch will be held
closed by the spring 134 to maintain this. por-
tion.of .the circuit.complete. The other:contacts
440, 141, {12 and (13 of the switches are con-
nected continuously.through the solenoids 97, 28,
99 :and ‘406, conductor 181, switch 183 and con-
duetor 185 to the power line Li.

When the pressure in the compressor discharge
line 5 increases to 94 pounds, the pressure switch
64 closes and energizes the . solenoid 91, causing
the “valve member -83 to move from its seat and
the 'valve member.94 to engage its seat. Pressure
fluid then flows from conduit 81 through chamber
12, port 74, chamber 16, conduit 83 and branch
conduits 84 and 85 to the unloading devices 27
and 86 for unloading the head ends of the low
and high pressure cylinders (1 and {2. If the
pressure continues to increase, the pressure
switches 65, 85 and 67 close successively at 96, 98
and 100 pounds pressure and energize the sole-
noids 98, 99 and (90 for operating the valves'6l,
62 and 63. When the valve 81 is operated by its
soleneid, pressure fluid is supplied from the con-
duit 81 and the branch conduit 78 through.the
valve to the conduit 86 which conducts it to the
branch conduits 87 and 88 leading to the unload-
ing:devices 21 and 38 in the head ends of the low
and high pressure cylinders {1’ and 12’. "As the
valves 62 and 63 are operated by their solenoids,
pressure-fluid is supplied through the conduits 89
and 99 to close the intake closure valves in the
intake connections for the low pressure cylin-
ders. If the pressures in the supply line drop to
values at which ‘the pressure switches 64, 65, 66
and:67 open, the valves 68, 81, 62 and-83 operate
to vent fluid from the unloading connections
through the vent ports 82.

Each of the control circuits 7,:8 and 9 provides
a-circuit for the motor starting device (48 of its
respective compressor, This circuit includes the
conductor 14! connecting the power line L to
one side of the device 449, and the conductor 42,
the conductor {45, the switch 147 and the con-
ductor {48 connecting the other side of the device
448-to the power line Lz. "The swit¢h 147 will be
open, however, until its solenoid (84 is energized.

If, with the switches 79 engaging the contacts
128,the pressure in the compressor dischargeline
is such that the pressure responsive switches 68
associated with compressors 2,3 and 4 engage the
contacts -124 -and 71, current will flow in each
control system from the power line I.i through
the solencid 188 of the time relay 163, through
the conductor 78, the pressure switch 68, the
conductor 125, the switch 78, and the conductor
{44 to the power line Lo, Thus the time relay
(83 will he closed and complete circuits through
the .solenoids 152, 453 ‘and {54 for the switches
138, 118 and {47. - As current fiows through-the
sclencid 452, the switch {83 will occupy its open
position and break the circuit to the ‘pressure
respensive switches €4, 65, 66 and 81. When the
solenoid 483 is ensergized, the switch 1 i8 is closed
and completes circuits :from the valve solenoids
27,98, 89 and {8%-to the contact 121 of the.pres-
sure responsive switch 88, thus establishing ‘a
condition in which -an increase $o:a predeter-
mined value of rcompressor ‘discharge pressure
can -effect -complete unloading, With the ener~
gizing of the-solenoid 54, the:switch {8T.is closed
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and -completes ‘the -cireuit through the motor
starting device 140°so that the motor 56 is caused
torun and the switch 183 is closed.

If the demand for air is less than the amount
supplied by the compressor system, the pressure
in :the -supply line will-increase and, at a pres-
sure-of 102 pounds, cause the pressure switch 68
of :the control system 7 to operate and break the
connection between contacts §24, {T{ and to con-
nect the contacts ‘121, 122. When the connec-
tion between contacts 128, {7 is broken, the sup-
ply .of -current through the solenoid 168 for the
time relay 163 is-cut off. 'The relay (63 remains
closed, ‘however, for a predetermined length of
time and -maintains the circuits through the
solenoids:for the switches (83, 118 and {47. Since
the switch 118 will be held in a closed position by
its 'solenoid 153, circuits will be established
through the-valve solenoids -97, 98, 89 and (080 as
soon:as the pressure switch 88 connects the con-
tacts 121 and 122, and the compressor will be
completely unloaded. The compressor driving
motor will continue to operate since the switch
47 will be held closed by its solenoid 154. If the
pressure in the supply'line drops to 87 pounds, the
pressure at which the switch 68 of control circuit
7 moves to a position connecting the contacts 124
and {74, before the end of the time period at
which 'the time relay 163 opens, the compressor
will'be reloaded by the breaking of the circuits
through the solenoid relays at the contacts 121
and 22 of the switch 68, and the solenoid {68
for the time relay will be re-energized to main-
tain the -motor circuit closed. If, however, the
pressure in the supply line remains above 81
pounds to the end of the time period, the time
relay 163 opens-and cuts off the flow of current
through “the ‘solenoids for the switches 33, 113
and {47. The-switch {83 closes and the switch
1{8 opens placing the circuits through the valve
solenoids under the control of the pressure
switches 84, 8%, 86 and 67 so that the system may
be changed, if desired, {o step control by moving
the-switch I8 to contact 143. However, it should
be noted that the switch $47 opvens and cuts off
the . supply "of current to the driving motor so
that it stops and remains stopped until the sole-
noid for the time relay is again energized.

“Whenever the pressure in the supply line in-
creases to 103 pounds, the control system 8 op-
erates in the same manner a2s the control system
7T-to unload its compressor, and, if the pressure
doesn’t - drop to 88 pounds before the end of the
time period for which its time relay {63 is ad-
justed,.to stop its driving motor. At 104 pounds
pressure in -the -supply line, the control system
2 operates in ‘the same manner as control sys-
ems T and § to unload its compressor and to stop
the ‘motor if the ‘pressure doesn’t drop to 89
pounds within a predetermined time period.

‘There is shown in Fig. b 5 modification of the
invention in:which the solenoid controlled valves
697,-61’, 82’ and 63’ are held in positions for ef-
fecting -an unloading of the compressor when
their :windings-are de-energized, and are moved
to pesitions for venting the unioading means
when ‘their windings are energized. It will be
understood that, as in the first form of the in-

- vention,-each cf -a plurality of compressors in a

70

75

system is provided with a control similar to that
of ‘Fig. 8. It will-be seen that with this arrange-
ment the compressor will be unloaded if the
power -should be -inadvertently cut off and the
compressor -will ‘gradually -come to 'a stop. To
éffect  this control, pressure-fluid. is supplied from
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the discharge line 5 through the conduit &1 and
the conduits 77, 78, 78 and 80 to the chambers 73
in the casings 71 of the valves, and the chambers
T2 in these valve casings are vented to atmos-
phere. Pressure responsive switches 64, 657, 66,
87’ and 68’ are arranged to open circuits leading
to the solenocid windings of the valves 63, 61, 62
and 83 when the discharge pressure reaches pre-
determined maximum values instead of closing
these circuits as in the first form of the invention.
The switch 68’ also acts to close the circuit
through the winding for the solenoid 58’
when the discharge pressure reaches a pre-
determined maximum value instead of opening
it. A time relay 183’ is normaliy held in closed
position by the spring {87 and is opened after
the solenoid (68’ has been energizzd a predeter-
mined period of time, this being directly opposite
to the control of the relay (63 in the first form
of the invention. Other than the changes men-
tioned above, this second form of the invention
is the same as the first. In this case, however,
the motor starting device 140 has been shown
more in detail, though still in diagrammatic
form, there being a solenoid (88 connected to
the conductor {42 and to the conductor 1385 lead-
ing to the power line 1. for controlling the switch
163 and switches {8{ and (82 connecting the
motor 86 across the power lines In and Le.

When the manually controlled switch 76 is
moved to a position engaging contact 148, a cir-
cuit is completed from the power line I through
conductor 185, the solenoid #83, conductor 142,
switch 18 and conductor 144 to the power line
Le. Current flowing through the solenoid (8§
causes the switches {63, 18f and 82 to close con-
necting the motor across the power lines L1 and
Iz, and connecting one end of each solenoid wind-
ing for the valves 687, §1’, 62’ and 63’ to the
power line Li. If the compressor discharge pres-
sure is low, the pressure switches 647, §5’, 65’ and
67" are closed, connecting the opposite ends of
the solenoid windings through the conductor 131,
the switch 133 and the conductor 136 {o the power
line I.. Under these conditions the valves 69,
6i’, 62’ and 68 are held by their energized sole-
noids in positions to vent the compressor un-
loading devices and cause the compressor to op-
erate loaded. As the discharge pressure in-
creases, the pressure switches 64’, 85’, 66’ and
8T’ operate successively to open the circuits de-
energizing the valve solenoids and permitting
the valves to move to positions for supplying
pressure fluid to the unloading devices thereby
effecting a step by step unloading of the com-
pressor.

When the switch 78 is moved to the contact
126 and the discharge pressure is low, circuits
will be established immediately from the power
line L; through the windings of the solenoids
152, 133 and (84, through conductor (8f, time
relay 183’, conductor £83, switch 18, and con-
ductor {44 to the power line Ls. 'The energized
solenoid {52 causes switch {38 to open and break
the circuits controlled by the pressure switches
84’, 85, 88’ and §7’. Solenoid 153 causes switch
t18 to be closed connecting the solenoid wind-
ings for the valves 88’, €1’, 62’ and 62’ through
the conductors 14, 115, [{6 and {¢7 to the con-
ductor {28 which leads to the contact {21 of the
switch 68’. With low discharge pressure, the
switch €3’ assumes a peosition connecting con-
tacts 121 and {22 so that conductor 128 is con-
nected through conductors #23 and (25, switch
70, and conductor 144 to the power line La. The
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solenoid windings for the valves are then ener-
gized and hold the latter in positions for venting
the unloading devices. If the discharge pressure
increases to a point where the switch 68’ breaks
the contacts (21, 122 and connects the contacts
124, {1%, the circuits through the solenoid wind-
ings for the valves are broken causing the latter
to move to positions for supplying pressure fluid
to the unloading devices, and a circuit is com-
pleted through the solencid (68’ for the time relay
§83’. If the solenoid 168’ is energized for g pre-
determined period of time, the relay 183’ opens,
breaking the circuits through the windings of
the solenoids {52, 183 and (54. This causes the
compressor motor to stop with the compressor
cylinders held unlcaded until the pressure drops
to a value at which the pressure switch operates
to break the contacts £24, ITl. If the pressure
drops. so that the switch 68’ breaks the con-
tact between 124, 17! before the time period of
the relay {83’ elapses, the relay (83’ remains
closed and causes the motor to drive the com-
pressor unloaded until the contacts 12f, 122 are
again connected, at which time the compressor
reloads.

Any one or more of the control systems of
either form of the invention may he adjusted
to effect step controlled operation of their re-
spective compressors by simply moving the re-
spective switch 78 to contact 148, and the other
systems may be gdjusted to effect complete load-
ing and unloading of their compressors with mo-
tor stopping and starting by moving their switches
78 to contacts {26, It will be noted that the max-
imum pressure in the compressor discharge line
may vary one pound as the different control sys-
tems are connected one at a time to provide step
control while the others provide complete control.
When the control system 9 is adjusted to step
control, the maximum pressure will be 103 pounds,
the prfessure at which the switch 68 for the con-
trol system 8 operates. When any one of the
other control systems is adjusted to step control,
the maximum pressure will be 104 pounds, the
pressure at which switch 68 for control system 9
operates, The minimum pressures in the supply
line may vary in the same manner between 86
and 87 pounds.

As g result of this invention there is provided
an improved control of the operation of a plu-
rality of compressors. By providing step control
for one of the compressors, a very small quantity
of air may be provided when needed, or slight
changes in the demand for air may be easily taken
care of even when the quantity of air needed is
large. The complete loading and unleadihg of
certain of the compressors takes care of the large
changes in the demand for air, and the stopping
and starting of the driving motors for these com-
pressors assures efficient operation. Other advan-
tages of the invention wiil be clearly apparent to
those skilled in the art.

While I have, in this application, specifically
described two forms which the invention may
assume in practice, it will be understood that
these forms of the same are shown for purposes
of illustration and that the invention may be
modified and embodied in various other forms
without departing from its spirit or the scope of
the appended claims.

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

1. In a compressor system, in combination, a
plurality of compressors and power units for driv-
ing the same, g common discharge line for said
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compressors, unloading means for each of said
compressors, and automatic control systems for
controlling said unloading means, said contrel
systems being responsive to compressor discharge
pressures and selectively operative te effect au-
tomatically step unloading and reloading or com-
plete unloading and reloading of any one of said
compressors.

2. In a compressor system, in combination, a
plurality of compressors and power units for driv-
ing the same, g common discharge line for said
compressors, unloading means for each of said
compressors, and automatic control systems for
controlling said unloading means and said power
units, said control systems being responsive to
compressor discharge pressures and selectively
operative to .effect automatically ster unloading
and reloading with continuous driving or com-
plete unloading and reloading with stopping and
starting of any one of said compressors.

3. In a compressor system, in combination, a
plurality of compressors delivering fluid to a eom-
mon discharge line, motors for driving said com-
pressors, fluid actuated unloading means for each
of said compressors, ‘and an automatic conirol
system for each compressor responding. to the
pressures in said discharge line for controlling the
flow of pressure fluid relative to its unloading
means, said control system keing selectively op-
erative to control automatically the flow of fluid
relative to said unloading means so.as to effect
step unloading or complete unloading of the com-
pressor controlled thereby.

4. In a compressor system, in combination, a
plurality of compressors delivering fluid to a com-
mon discharge line, motors for driving said com-
pressors, fluid actuated unloading means for each
of gaid compressors, and an automatic control
system for each compressor responding to the
pressures in said discharge line for controlling the
flow of pressure fluid relative to its unloading
means and the supply of operating medium to its
driving motor, said conftrol system being selec-
tively operative to effect automatically step un-
loading with continuous operstion, or complete
unloading with stopping and starting, of the com-
pressor controlled thereby.

5. In a compressor system, in combination, a
plurality of compressors delivering fluid to a:com-
mon discharge line, motors for driving said com-
pressors, fluid actuated unloading means for each
of said compressors, and ah automatic control
system for each compressor responding to the
pbressures in said discharge line for controlling
the flow of pressure fluid relative to its unloading
means and the supply of operating medium to its
driving motor, said control system being selec-
tively operative to effect automatically step un-

loading at predetermined discharge pressures

with continuous operation, or complete unloading
at a higher predetermined discharge pressure with
a stopping of the compressor controlled thereby.

6. In a compressor system, in combination, a
plurality of compressors delivering fluid to a com-
mon discharge line, motors for driving said com-
pressors, fluid actuated unloading means for each
of said compressors, and an automatic control
system for each compressor responding to the
pressures -in said discharge line for coatrolling
the flow of pressure fluid relative to its unloading
means, said control system being selectively op-
erative to effect step unloading at predetermined
pressures in said discharge line or complete un~
loading at a higher predetermined pressure in
said discharge line. :
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7. In a compressor system, in combination, a
plurality of compressors delivering fiuid to a com-
mon discharge line, motors for driving said com-
pressors, a plurality of fluid actuated unloading
devices for each of said compressors, and a con-
trol system for each compressor respoasive to the
pressures in said discharge line for controlling
the flow of fluid-relative to said unloading de-
vices, said control system including valve means
controlling the flow of fluid to each of the un-
loading devices of the compressor. controlled
thereby, and means including devices responsive
to-the pressures in the-discharge line for control-
ling the operation of said valve means, said last
mentioned means being selectively adjustable to
effect either a successive or a simultaneous op-
eration of said valve means.

8. In a compressor system, in combination, a
plurality of compressors delivering fluid to a com-
mon discharge line, motors for driving said com-
pressors, a plurality of fluid actuated unloading
devices for each of said compressors, and a con-
trol system for each compressor responsive to
the pressures in said dicharge line for controi-
ling the flow of fluid relative to said unloading
devices, said control system including valve means
controlling the flow of fluid to each of the unload-
ing devices of the compressor controlled thereby,
and means inecluding devices responsive to the
pressures in the discharge line for controlling the
operation of said valve means, said last mentioned
means being selectively adjustable to effect either
a sticcessive operation of said valve means at pre-
determined discharge pressures or a simultaneous
operation of said valve means at a higher prede-
termined discharge pressure. .

9. In a compressor system, in combination, a
plurality of compressors delivering fluid to a com~
mon. discharge line, motors for driving said com-
pressors, a plurality of fluid actuated unloading
devices for each of said compressors, and a con-
trol systém for each compressor responsive to the
pressures in said discharge line for controlling the
flow of fluid relative to said unloading devices,
said control system . including solenoid actuated
valve means controlling the flow of fluid to each
of the unloading devices of the compressor con-
trolled thereby, and means including switch
mechanisms responsive to the pressures in the
discharge line for controlling the energizing of
said solenoids.

10. In a compressor system, in combination, a
plurality of compressors delivering fluid to a com-~
mon discharge line, motors for driving said com-
pressors, & plurality of fluid actuated unloading
devices for each of said compressors, and a con-
trol system: for each compressor responsive to
the pressures in said discharge line for control-
ling the flow of fluid relative to said unloading de-
vices, said control system including solenoid actu-
ated valve means controlling the flow of fluid-
to each of the unloading devices of the com-
pressor controlled thereby, and means includ-
ing switch mechanisms responsive to the pres-
sures in the discharge line for controlling the
energizing of said solenoids, said last mentioned
means being selectively adjustable to effect either
a successive or a simultaneous enérgizing of said
solenoids.

11, In a compressor system, in combination, a
plurality of compressors. delivering fluid to a com-
mon discharge line, motors for driving said com-
pressors, - plurality of fluid actuated unloading
devices foreach of said compressors, and a con-
trol system for each compressor responsive to the
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pressures in said discharge line for controlling
the flow of fluid relative to said unloading de-
vices, said control system including solenoid ac-
tuated valve means controlling the flow of fluid
to each of the unloading devices of the com-
pressor controlled thereby, and means including
switch mechanisms responsive to the pressure in
the discharge line for controlling the energizing
of said solenoids, said last mentioned means being
selectively adjustable to effect either a successive
operation of said valve means at predetermined
discharge pressures or simultaneous operation of
said valve means at a higher predetermined pres-
sure. !

12. In a compressor, in combination, a plu-
rality of compressors delivering fiuid to a com-
mon discharge line, motors for driving said com-
pressors, a plurality of fiuid actuated unloading
devices for each of said compressors, a control
system for each compressor for controlling the
flow of fiuid relative to said unloading devices,said
control system including meansoperating at differ-
ent predetermined pressures in the discharge line
for connecting said unloading devices successively
to fluid supply and exhaust, means operating at
a higher and a lower discharge pressure for con-
necting said unloading devices simultaneously to
fiuid supply and exhaust, the higher and lower
discharge pressure for each control system being
different, and means for selectively rendering one
of said last two mentioned means effective and
the other ineffective.

13. In combkination, a compressor, a motor for
driving said compressor, a plurality of fiuid ac-
tuated unloading devices for said compressor, a
control system for controlling the flow of fluid
relative to said unloading devices, said control
system including valve means controlling the flow
of fluid to said unloading devices, and means for
controlling the operation of said valve means in
accordance with compressor discharge pressures,
said last mentioned means being selectively ad-
justable to effect either a successive or a simul-
taneous operation of said valve means.

14. In combination, a compressor, a motor for
driving said compressor, a plurality of fluid ac-
tuated unloading devices for said compressor, a
control system for controlling the flow of fluid
relative to said unloading devices, said contrel

system including valve means controlling the j

flow of fluid to said unioading devices, and means
for controlling the operation of said valve means
in accordance with compressor discharge pres-
sures, said last mentioned means being selectively
adjustable to effect either a successive operation
of said valve means at different predetermined
discharge pressures or a simultaneous operation
of said valve means at g higher predetermined
discharge pressure.

15. In combination, a compressor, & motor for
driving said compressor, a plurality of fluid ac-
tuated unloading devices for said compressor, a
control system for controlling the flow of fiuid
relative to said unloading devices, said control sys-
tem including means operating at different pre-
determined compressor discharge pressures for
supplying pressure fluid successively to said un-
loading devices, means operating at a higher pre-
determined discharge pressure for supplying
pressure fluid simultaneously to said unloading
devices, and means for selectively rendering one
of said last two mentioned means effective and
the other ineffective.

16. In combination, a compressor, a motor for
driving said compressor, a plurality of fluid ac-
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tuated unloading devices for said compressor, a
control system for controlling the flow of fluid
relative to said unloading devices, said control
system including means operating at different
predetermined compressor discharge pressures for
connecting said unloading devices successively to
fiuid supply and exhaust, means operating at
higher and lower discharge pressures for con-
necting said unloading devices simultaneously to
fluid supply and exhaust, and means for selec-
tively rendering one of said last two mentioned
means effective and the other ineffective.

17. In a compressor system, in combination, a
plurality of compressors delivering fluid fo a
common discharge line, power means for driving
said compressors, a plurality of fluid actuated
unloading devices for each of said compressors,
and a control system for each compressor respon-
sive to the pressures in said discharge line for
controlling the flow of fluid relative to said un-
loading devices, said control system including
solenoid actuated valve means controlling the
flow of fluid to each of said unloading devices
and operative when energized tc vent pressure
fluid therefrom, and means including normally
closed switch mechanisms responsive to the pres-
sures in the discharge line for controlling the en-
ergizing of said solenoids, said last mentioned
means being selectively adjustable to effect either
a successive or g simultaneous energizing and de-
energizing of said solenoids.

18. In a compressor system, in combination, a
plurality of compressors delivering fluid to a com-
mon discharge line, power means for driving said
compressors, a plurality of fluid actuated unload-
ing devices for each of said compressors, and a
control system for each compressor responsive to
the pressures in said discharge line for control-
ling the flow of fluid relative to said unloading
devices, said control system including solenoid
actuated valve means controlling the flow of fluid
to each of said unloading devices and operative
when energized to supply pressure fluid thereto,
and means including normally open switch mech-
anisms responsive to the pressures in the dis-
charge line for controlling the energizing of said
solenoids, said last mentioned means being selec-
tively adjustable to effect either a successive or
a simultaneous energizing and de-energizing of
said solenoids.

19. In a compressor system, in combination, a
plurality of compressors delivering fluid to a com-
mon discharge line, power means for driving each
of said compressors, unloading means for each
of said compressors, and an automatic control
system for each compressor responding to the
pressures in said discharge line for controlling
the operation of the unloading means for the
compressor controlled thereby, said control sys-
tem being selectively operative to effect step un-
loading -and reloading or complete unloading and
reloading of said compressor. -

20. In a compressor system, in combination, a
plurality of compressors delivering fluid to a com-
mon discharge line, power means for driving each
of said compressors, unloading means for each of
said compressors, and an automatic control sys-
tem for each compressor responding to the pres-
sures in said discharge line for contrclling the
operation of the unloading means for the com-
pressor controlled thereby and for controlling its
driving, said control system being selectively op-
erative to effect step unloading at predetermined
discharge pressures with continuous driving, or
complete unloading at a higher predetermined
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discharge pressure with a stopping of said com-
pressor after a predetermined time delay.

21, In combination, a compressor, power means
for driving said compressor, a plurality of un-
loading devices for said compressor operative to
effect either a stepped loading and unloading or
a complete loading and unloading of said com-
pressor, .a control system for controlling the op-
eration of said unloading devices, said control
system including a plurality of means each op-
erative to effect an operation of one of said un-
loading devices, and means for controlling the
operation of said plurality of means in accordance
with compressor discharge pressure, said last
mentioned means being selectively adjustable to
effect either a successive or a simultaneous op-
eration of said plurality of means,

HERBERT C. ZILLY.
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