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Our invention relates, generally, to control sys-
tems and, more particularly, to systems for con-
trolling the operation of electric motors which
drive fluid compressors.

On electric locomotives it is the usual practice
to drive the air compressors with auxiliary motors
which are supplied with current through the cur-
rent collectors on the locomotives. Therefore,
the motors may bhe subjected to power interrup-
tions of relatively short duration and it is de-
sirable that the motors be prevented from start-
ing the compressors against a head pressure after
a momentary interruption of power.

An object of our invention, generally stated, is
to provide a compressor motor control system
which shall be simple and efficient in operation
ana which may be economically manufactured
and installed. |

A more specific object of our invention is to
provide a compressor motor control system which
ensures that the compressor is always unloaded
during starting of the motor.

Ancther object of our invention is to prowde
for automatically maintaining an adequate sup-

ply of compressed air or other fluid in a fluid
pressure system.

Other objects of our invention will be explained
fully hereinafter or will be apparent to those
skilled in the art.

In accordance with our invention, a motor
driven compressor is provided with valves which
are opened by fluid pressure whenever the motor
1s required to start the compressor against a head
pressure. The valve lifters are actuated by fluid

stored in a reservoir which is so connected in the -

system that fluld pressure is automatically ap-
plied to the valve lifters when power to the motor
i1s interrupted. The valves are automatically
closed at a predetermined time after power is re-
applied to the motor. |

'or a better understanding of the nature and
objects of our invention, reference may be had to
the fellowing detailed description, taken in con-
Junction with the accompanying drawings, in
which:

Figure 1 is a diagrammatic view of a control
system embodying the prinecipal features of our
invention:

Fig. 2 is a diagrammatic view of a modlﬁcatlon
oi the invention:

Fig. 3 is a diagrammatic view of another modi-
rication of the invention: and

Fig. 4 is a view, In section, of a portion of a
compressor suitable for utilization in the system.

Referring to the drawings, and particularly to
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Figure 1, the system shown therein comprises a
fluid or air compressor {0 which is connected io

a malin reservoir |1 through a pipe 12 and a check
valve 13, a motor {4 for driving the compressor
{0 through a shaft 15, a governor or pressure-
actuated switch 16, a magnet valve 17, an electri-
cally operated switch {8, a voltage responsive re-
lay 19, a manually operated switch 21, g battery
22, an electrically operated starting smtch 23 and
an auxiliary reservoir 24.

- The motor |4 may be of the split phase type
having a main winding 25 and a starting winding
26 which is connected in series-circuit relation
with a resistor or capacitor 27 during starting of
the motor. A centrifugally operated switch 28
controls the energization of the actuating coil
29 of the starting switch 23, thereby controlling
the energization of the starting winding 26
through contact members 31 of the switeh 23.
The motor 14 may be supplied with power through
power conductors 32 and 33 which may be con-
nected to any suitable source of single-phase al-
ternating current power.

As shown in Fig. 4, the compressor {0 may have
one or more cylinders 34, each cylinder having a
piston 35 disposed therein and a cylinder head
36 disposed on top of the cylinder. In accord-
ance with the usual practice a plurality of inlet
valves 37 and exhaust valves 38 may be provided
in the cylinder head 36. Valve springs 3% may
be provided for b1a,smg the valves to their closed
position.

As explained hereinbefore, a valve lifter 41 is
provided for opening the intake valves 3T under
predetermined conditions. The valve lifter 4t
comprises a plunger 42 having prongs 43 thereon
for engaging the valves 371, a spring 44 for bias-
ing the plunger 42 outwardly or upwardly, an un-
loader valve or piston 45 and a spring 46 disposed
between the piston 45 and the plunger 42. When
pressure fluid is admitted through a pipe 47, the
piston 45 and the plunger 42 are actuated down-
wardly, thereby causing the prongs 43 to “lift’”’ or
open the inlet valves 37.

As explained hereinbefore, the inlet valves 37
are opened by the valve lifter to prevent the motor
14 from starting the compressor 10 against a head
pressure. As also explained hereinbefore, the
motor (4 may be subjected to momentary inter-
ruptions of power, particularly when the current
for the motor is supplied through a current col-
lecting device such as a pantograph mounted on

a locomotive and engaging an overhead trolley
conductor, thereby causing a momentary 1oss of
high speeds the pantogl aph may bounce from the
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conductor, thereby causing a momentary loss of
power to the motor. Thus it is necessary to pre-
vent the motvor from starting the compressor
against a head pressure both during normal op-
eration of the system and also during abnormal
conditions such as those caused by momentary
interruptions in the power supply.

In the present system, in the form shown in

Fig. 1, the auxiliary ressrvoir 24, the governor

or pressure-actuated switeh 16, the magnet valve
{1, the electrically operated switch 18 and the
voltage relay 19 are utilized to provide the nec-
essary protection for the motor. The function-
ing of the protective features may he explained
by describing the operation of the system.
During the initial starting period the valves

4

relay 19 will drop out immediately, thereby in-
terrupting the energizing circuits for the line
switch 18, the starting switch 23 and the magnet
valve 11. DBecause of the time delay construc-
tion of relay 19 it can not reconnect the battery
circuits to cause starting of the motor even
though power is reapplied to the conductors 32
and 33 until sufficient time has elapsed to lift the

~ valves in the compressor.
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15

are not lifted and there is no head pressure since

- The
closed, in Fig. 1, thereby en-

there is no pressure in the main reservoir.
manual switeh 21 is

ergizing the actuating coil 48 of the voltage re-

lay |8 through g resistor 49. As shown the re-
lay 198 is of the time delay type having a dashpot
91 which delays the closing of contact members
02 of the relay 19.

When the contact members 52 are closed the
coil 53 of the line switch 18 and the coil 29 of
the starting switch 23 are connected across the
hattery 22 through contact members 54 of the
pressure actuated switch 16 and through the
centrifugally operated switch 28, respectively.

'The closing of the switches 18 and 23 connects
the motor i4 to the power source and the motor
starts to rotate. When the motor attains a pre-
determined speed the centrifugal switch 28 is
opened, thereby deenergizing. the coil 29 of the
starting switch 23. The contact members 31 of
this switch are opened to disconnect the starting
winding 2§, thereby causing the motor to run
with its main winding 25 energized.

When the compressor has filled the main res-
ervoir ({ and the air system to a predetermined
pressure, the pressure-actuated switch 16 opens
its contact members 54 to interrupt the energiz-
ing circuit for the coil 53 of the line switeh 8.
This switch then opens, thereby stopping the
motor. A?b the same time the coil 55 of the mag-
net valve 1T, which was previously energized
simultaneously with the energization of the coil
93 of the line switeh (8, iz deenergized, thereby
permitting the valve member 56 to ke actuated by
a spring 371 to the positicn shown in the drawing
in which air pressure is diverted from the main
reservoir 1i through a pipe 58, the magnet valve
IT and the pine 84T to the auxiliary reservoir 24
and the valve lifter 41, |

When the air pressure in the main reservoir
drops to a predetermined value the pressure-
actuated switch 56 closes the battery circuit,
thereby causing the line switch I8 to be reclosed
to reapply power to the motor 14. At this time
the coil §d of the magnet valve 1T is also en-
ergized, thereby actuating the valve member 55
to stop the flow of air from the main reservoir |1
to the auxiliary reservoir and the valve lifter 4f,
and to permit the air pressure in the auxiliary
reservoir 24 and the valve lifter 41 to be exhaust-
ed at g predetermined rate throuch a restricted
opening 398 in the magnet valve {T1. Thus, the
motor is permitted to attain full speed before the
valves In the compressor are permitied to seat
and the compressor begins pumping agamst the
main reservoir head pressure.

If there should be a momentary mterrupt‘lon

of the alternating-current supply the time delay
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In this manner the motor 14 is permitied to

start the compressor unloaded under zall condi-

tions, thereby preventing damage to the motor.

- An adequate supply of compressed air is assured

since the motor automatically starts the com-
pressor (if the pressure-switeh contacts 54 are
closed), after power interruptions of short dura-
tion.

In the modification shown in Fig. 2, in Wthh
like parts are designated by the same reference
characters as in Fig. 1, the voltage relay i9 1s
omitted and the battery circuit is closed and

opened by a third switch-blade or contact mem-
ber 61 on the manually operated switech 21. Also,
an additional contact member 62 is provided on
the centrifugal switch 28. Otherwise the system
shown in Figure 2 is similar to the one shown in
Pigure 1.

The motor (4 is initially started, in Pig. 2, by
closing the manual switech 21. When the motor
attains a predetermined speed the centrifugal
switch 28 opens the energizing circuit for the
starting switch 23 and closes the energizing cir-
cuit for the magnet valve 1. If for any reason
the motor voltage fails or allows the motor speed
to drop to a point where the centrifugal switeh
28 drops back to its starting position, the magnet
valve circuit is opened, thereby permitting the air
pressure from the main reservoir to fill the aux-
lliary reservoir 24 and to lift the valves in the
ComMmpressor.

When the motor starts again, and attains a
certain intermediate speed, in Fig. 2, the centrif-
ugal switch 28 closes the magnet valve circuit,
thereby permitting the air in the auxiliary res-
ervoir 24 and the valve lifter 41 to exhaust
through the magnet valve and the valves to seat.
The compressor then starts building up pressure
in the main reservoir in the manner previously
described.

In the modification of the invention shown in
Figure 3 a starting push-button switeh 63, an
auxiliary contact member §4 on the line smtch
18, and an auxiliary pressure~actuated switch
65 are provided, in addition to the apparatus
shown in Fig. 1. Also, the time delay device 51
1s omitted from the voltage relay i19. Otherwise
the system shown in Fig. 3 is similar to the one |
shown in Fig. 1.

To ready the motor {4 for starting, the manual
switch 21 is closed, thereby energizing the volt-
age relay i9. The starting push button 63 is
depressed to close its contact members b8, there-
by energizing the line switch 18 and the starting
switch 23, from a battery-energized circuit in-
cluding the contacts 52 and 54. The auxiliary
convact 64 on the line switch 8 establishes s
holding circuit for the line switch 18 and the
starting switch 23, thereby permitting the push-
button switeh 63 to be released after these
switches have closed. The motor 14 starts and
at a predetermined speed the centrifugal switeh
28 opens the starting switch 23. |

After the compressor has filled the air reservoir
[ i to a predetermined pressure, the pressure-
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actuated switch 16 opens the circuits for the line
switch 18 and the magnet vaive i7 in the manner
previously described. It should be noted that
the magnet valve {7 in Fig. 3 was energized
through contact members 67 on the push-button
switch 63 when this switch was released after
starting the mctor. When the magnet valve {7
is deenerized the auxiliary reservoir 24 is filled
and air pressure is applied to the valve lifter 41
to lift the valves in the manner previously de-
scrived.

When the air pressure in the main reservoir
has dropped to a predetermined value the pres-
sure~actuated switch 18 ecloses the circuit to the
line contactor & and the starting switch 23 pro-
vided there is & minimum predetermined pres-
sure in the auxiliary reservoir 24 as measured by
the auxiliary pressure switch 6% of Fig. 3. As
snown, contact members 88 on the switeh 635
establish a circuit through conductors 69 and
i1 which parallels the circuit throush the con-
tact members €8 of the push-butten switch 63,
and also paraliels the circuit through the con-
tact members 64 of the switch i§. The pressure
in the auxiliary reservoir 24 prevents the valves
from seating, so that the compressor is unloaded

and the motor can not start under load. At this

time the magnet valve 171 is energized, thereby
permitting the air from the reservoir 24 to bhe
exhausted at a predetermined rate as previously
explained. When the pressure has decreased to

a predetermined vaiue the valves are permitted to.

close and the compressor starts pumping.

If there should be a momentary interruption

in the alternating-current supply, in Fig. 3, the
voltage relay {9 drops out, thereby opening the

line switch {8 immediately. 'The magnhet valve

T is also deenergized at this time. When the
voltage relay {9 is again energized by the restora-
tion of power the compressor and the motor are
prevented from starting unless the valves have
been lifted by a predetermined pressure in the
auxiliary reservoir 24 as measured by the sux-
iliary pressure switch 65,

As previously explained it is necessary for the

contact members 68 of this auxiliary pressure
switch 85 Iin Fig. 3 to be closed in order for the
metor to be restarted automatically. When the

pressure In the auxiliary reservoir 24 is sufficient
to close the contact members 68 of the switch .

B85 the motor is automatically started upon the
restoraticn of power (assuming that the main

ressure-switch contacts 4 are closed), and the
valves are lifted in the manner hereinbefore de-
scriced. If the pressurein the guxiliary reservoir
24 is not sufficient to actuate the auxiliary pres-
sure switch 65, the motor will not automatically
start. 1In this manner damage to the motor is
prevented.

From the foregoing description it is apparent

that we have provided a control system which

automatically controls the starting and stopping
of 2 compressor motor and prevents the motor
irom being started against 2 head pressure, there-
by preventing injury to the motor. The system
described herein provides for automatically re-
starting the motor after momentary interruptions
of power, thereby insuring an adequate sunply of
compressed air or other pressure fluid at all times
during the operation of the locomotive or other
vehicle on which the system is installed.

Sirnce numerous changes may be made in the
above described constructicn and different em-

beciments of the invention may be made without
devarting from the spirit and scope thereof, it
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is intended that all matter contained in the fore-
going description or shown in the accompanying
drawing shall be interpreted as illustrative and
net in a limiting sense.

We claim as our invention:

1. In a control system, in combination, a fluid
compressor having s fluid-actuated valve lifter
therein, a motor for driving the compressor, pow-
er conductors, electrically controlied switching
means Ior connecting the motor to the power
conductors, a main reservoir connected to the
compressor, an auxiliary reservoir connected to
the valve lifter, electrically operated valve means
for controlling the admission of pressure fluid
from the main reservoir to the auxiliary reservoir,
a fluid-actuated switch responsive to the pressure
in the main reservoir for controlling the opera-
tion of said switching means and said valve
means, and relay means responsive to the volt-
age across sald power conductors for also con-
trolling the operation of said switching means and
sald valve means.

2. In a control system, in combination, a fluid
compressor having a fluid-actuated valve lifter
therein, a motor for driving the compressor,
power conductors, electrically controlied switeh-
ing means for connecting the motor to the power
conductors, a main reserveoir connected to the
compressor, an auxiliary reservoir connected to
the valve lifter, electrically controlled valve means
for confrolling the admission of pressure  fuid
from the main reservoir to the auxiliary reservoir
and the valve lifter and for conirolling the ex-
hausting of the pressure fluid from the valve
lifter and the auxiliary reservoir, o fluid-actuated
switch responsive to the pressure in the main
reservoir for controlling the operation of said
switching means and said valve means, and time
delay relay means responsive to the voltage across
sald power conductors for also controlling the.
operation of said switching means and said valve
means.

3. In a control system, in combination, a fluid
compressor having a filuld-actuated valve lifter
therein, a motor for driving the Compressor,
power conductors, electrically controlled switch-
Ing means for connecting the motor to the power
conductors, a main reservoir connected to the
compressor, an auxiliary reservoir connected to
the valve lifter, electrically operated valve means
for controlling the admission of pressure fluid
from the main reservoir to the auxiliary reser-
voir, a fuid-actuated switch responsive to the
pressure in the main reservoir for controlling the
operation of said switching means and said valve
means, and relay means responsive to the veltage
across said power conductors for also controlling
the operation of said switching means and said
valve means, said relay means having a device
thereon for delaying the closing of the relay con-
tact members. -

4. In a control system, in combination, a fluid
compressor having a fluid-actuated valve lifter
therein, a motor for driving the compressor,
power conductors, electrically controlled switech-
ing means for connecting the motor to the power
conductors, a main reservoir connected to the
compressor, an auxiliary reservoir connected to
the valve lifter, electrically operated valve means
for controlling the admission of pressure fluid
from the main reservoir to the auxiliary reservoir,
a fluld-actuated switeh responsive to the pressure
In the main reservoir for controlline the opera.-

tion of said switching means and said wvalve
means, relay means responsive to the voltage.
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across said power conductors for also controliing
the operation of said switching means and said
valve means, and an additional fluid-actuated
switch responsive to the pressure in the auxiliary
reservoir cooperating with sald relay means,

5. In a control system, in combination, a fluid
compressor having a finid-actuated valve liffer
therein, a motor for driving the compressor,
power conductors, electrically controlied switch-
ing means for connecting the motor to the power
conductors, a main reservoir connected to the
compressor, an auxiliary reservoir connected to
the valve lifter, electrically operated valve means
for controlling the admission of pressure fluid
from the main reservoir to the auxiliary reser-

volr, a flulid-actuated switch responsive to the
pressure in the main reservoir for controlling the

operation of said switching means and said valve
means, relay means responsive to the voliage
across said power conductors for also controlling
the operation of sald switching means and said
valve means, an additional fluid-actuated switch
responsive o the pressure in the auxiliary reser-
voir cooperating with said relay means, and
auxiliary contact members on said switching
means connected in parallel-circuit reiation to
the contact members on said additional fiuid-
actuated switch,

6. In a control system, in combination, a fluid
compressor having a fluid-actuated valve lifter
therein, a motor for driving the compressor,
power conductors, electrically controlled switch-
ing means for connecting the motor to the power
conductors, a main reserveir connected to the
compressor, an auxiliary reservoir connected 1o
the valve lifter, electrically operated valve means
for controlling the admission of pressure fluid
from the main reservolr to the auxiliary reser-
voir, a fluld-actuated switch responsive to the
pressure in the main reservoir for controlling the
operation of said switching means and said valve

means, relay means responsive to the voltage

across said power conductors for alsg controlling
the operation of sgaid switching means and said
valve means, an additional fluid-actuated switch
responsive 10 the pressure in the auxiliary reser-
voir cooperating with said relay means, aux-
iliary contact members on said switching means
connected in parallel-circuit relation to the con-
tact members on said additional fluid-actuated
switch, and a manually-operable switech having
contact members connected in parallel-circuit
relation to both said auxiliary contact members
and the contact members on sald additional
fluid-actuated switch.

7. In a control system, in combination, a fluid
compressor having a fluid-actuated valve lifter
therein, a motor for driving the compressor,
power conductors, switcning means for connect-
ing the motor to the power conductors, a2 main

reservolr connected to the compressor, an aux-

iliary reservoir connected to the valve lifter, a
magnet valve for controlling the admission of
pressure fluid from the main reservoir to the
auxiliary reservoir, a fluid-actuated switch re-
sponsive to the pressure in the main reservoir for
controliing the operation of said switching means
and sald magnet valve, and switching means
responsive 1o the motor speed for also controlling
the operation of said magnet valve.

8. In a control system, in combination, a fluid
compressor having a fluild-actuated valve lifter
therein, a motor for driving the compressor,
- power conductors, switching meang for connect-

ing the motor to the power conductors, a main.
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reservoir connected to the compressor, an aux-
iliary reservoir connected to the valve lifter, a
magnet valve for confroliing the admission of
pressure fuid from the main reservoir to the
auxiliary reservoelr, a filuid-actuated switeh re-
sponsive to the pressure in the main reservoir for
controlling the operation of said switching means
and said magnev valve, and a cenfrifugal switch
actuated by the motor ifcor also controlling the
operation of said magnet valve.

9. In a control system, in combination, a fluid
compressor having a fiuid-actuated valve lifter
therein, a motor for driving the compressor,
power conductors, switching means for connect-
ing the motor to the power conductcrs, a main
reservoelir connected to the compressor, an aux-
iliary reservoir connected to the valve lifter, a
magnet valve for controlling the admission of
pressure fiuid from the main reservoir to the
auxiliary reservoir, 2 fluid-actuaited switch re-
sponsive to the pressure in the main reservoir for
controlling the operation of gaid switching means
and said magnes valve, a centrifugal switeh actu-
ated by the motor for also contrelling the opera-
flon of said magnet valve, and o manually oper-
able switch cooperalting with said centrifugal
switeh.

10. A motor-operated fiuid-pressure assembly,
comprising electrical power-supply conductors
subject to momentary power-interruptions, an
electric motor, main switching-means for ener-
gizing said motor from said supply~-conductors, a
fluid compressor, & mechanical driving-connec-
tion between said motor and said compressor, a
fluid-pressure reservoir conneected to said com-
pressor, a Huld-pressure-operated unloader for
unloading said compressor in response to the
application cof a predetermined fiuid-pressure to
sald unloader, an eleciromagnetically operated
fluid-valve-means, including a valve-magnet, for
normally connecting said unloader to said reser-
voir to unload said compressor when the valve-
magnet is deenergized, and for responding to an
energization of the valve-magnet by disconnect-
ing said unloader from said reservoir and slowly
venting said unleader in a time which allows the
motor sufficient time for starting and attaining
an operative motor-speed hefore the compressor
becomes loaded, and under-pressure means, re-
sponsive to g predefermined minimum desired
fluid-pressure in s&aid reservoiy, for both causing
sald main switching~means to assume a motor-
energizing condition and alsc energizing said
valve-magnet, in combination with an auxiliary
switching-means, responsive o a deenergized
motor-condition, for opening the ecnergizing-
circuit of said valve-magnet.

1i. The Invension gs defined in claim 10, char-
acterized by said suxiliary switching-means
being also operative to open said main switeh-
ing-means, in combination with means for sub-
sequently reclosing said main switching-means
and reenergizing said valve-magnet after the
unloader has had time to unload the compressor.

12. The Invention as defined in claim 10, char-
acterized by said auxiliary switching-means being
also operative to open said main switching-
means, and further characterized by said aux-
iliary switching-means being a voltage-respon-
sive switching~means which drops out quickly in
response tc a predeiermined drop in voltage in
sald power-supply conductors, and which picks
up slowly enough to give the unloader time to
unload the compressor in response to 3 restora-
tion of voltage in said power-supply conductors.
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13. The invention as defined in claim 10, char-
acterized by said motor having a speed-respon-
sive means associated therewith for responding to
an intermediate motor-speed during the starting
of the motor, and further characterized by said
auxiliary switching-means being a make-contact
on said speed-responsive means, said make-con-
tact closing in response to a predetermined speed
during motor-acceleration and opening in re-
sponse t0 a predetermined speed during motor-
deceleration.

14. The Invention as defined in claim 10, char-
acterized by said auxiliary switching-means be-

ing also operative to open said main switching-

means, in combination with means responsive to

10

10
the attainment of an effective operative-pressure
on the unloader for reclosing said main switch-
ing-means and reenergizing said valve-magnet.

'HERBERT W. GRAYBROOK.
ESTHEL W. AMES.
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