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FRANK A. HALLECK, OF CHICAGO, ILLINors, AssIGNOR. To surLIVAN REACHINERY 

COMPANY, A CORPORATION OF MASSACEUSETTS 

COMPRESSOR SYSTEM 

Application fled October 12, 1931. serial No. 588,364. 
My invention relates to compressor sys 

tems, and more particularly to systems for 
the control of compression of air to high pres 
SeS. . 

5. It is frequently desirable to compress air 
or other gaseous media to quite high pres 
sures, and by the appropriate design of com 
pressors even a two-stage machine can be used 
for this purpose. It is also desirable to con 

10 trol compressors, even when working at these 
high terminal pressures, by unloading de 
vices, and it is preferable not to have to sup 
ply unloading devices of any different type 
from those which are commonly used in lower 

15 pressure ranges. In other words, for ex 
ample, in the case of a compound compressor 
it is desirable to provide perhaps an intake 
unloader for the low pressure cylinder and 
automatic venting means for the high pres 
sure cylinder operative when the intake clos 
ure valve mentioned has been closed; but were 
these unloading devices to be subjected to 
the full terminal discharge pressure of the 
compressor, breakage would almost certainly 
result, and it is therefore desirable to provide 
means for supplying a reduced pressure for 

ra 

the actual operation of the unloading devices 
while making the supply directly responsive 
to the flow of terminal pressure against which 
the compressor is operated. 
An object of my invention is to provide an 

improved compressor system. Another ob 
ject of my invention is to provide an im 
proved pumping system adapted to operate 
against and discharge at high terminal pres 
sures. A further object of my invention is to 
provide an improved compressor system hav 
ing associated therewith unloading means op 

30 

than that at the discharge side of the com 
pressor, which forms an elementofthesystem. 
A still further object of theinventionistopro 
vide an improved compressor system adapted 
to discharge at high pressures and having im 
proved unloading means controllable by fluid 
pressure and adapted to be supplied with 
operating pressure from different sources all 
of which are at pressures below the terminal 

60 compressor discharge pressure. Other ob 

erable by pressure fluid at a lower pressure 

jects aid advantages of the invention will 
subsequently appear. 
In the accompanying drawing, in which for 
E. of illustration one illustrative em 

diment of my invention is shown 
Fig. 1 is a diagrammatic view of a com 

pound compressor system in which the inven 
tion is embodied. w 

Fig. 2 is an enlarged vertical sectional view 
on the line 2-2 of Fig.1. 

Fig. 3 is a section through a check valve em 
ployed in connection with the high pressure 
unloading means. 

Fig. 4 is a sectional view of an electrically 
operated three-way controlling valve. 

Referring to the drawing, it will be noted 
that a motor 1 mounted upon a base 2, which 
also supports a compressor 3, drives through 
direct connection the compressor 3. This 
compressor is of the compound type and com- 70 
prises a low pressure cylinder 4 and a high 
pressure cylinder 5. The low pressure cylin 
der is provided with a usual intake closure 
type unloading valve mechanism 7 whose 
construction is so well known that detailed 75 
illustration is unnecessary. It will suffice to 
say that this mechanism includes a cylinder 
8 to which air is admitted at appropriate 
times to effect the closure of a valve which 
when closed cuts off the admission of air 80 
through the intake of the low pressure cylin 
der 4. A manual device 9 is provided to per 
mit manual unloading if desired, as is com 
mon practice with unloading devices of this 
character. The high pressure cylinder 5 is 85 - 
provided with a controlling mechanism 
which permits the venting of any pressure 

5 

which might leak past the intake closure 
valve mechanism 7 of the low pressure cylin 
der. Were such a mechanism not provided, 90 
a very high range of compression would take 
place in the high pressure cylinder, with re 
sultant damage due to the excessive genera 
tion of heat. This protective mechanism con 
sists of a valve casing 11 in which a pair of 95 
spring loaded check valves 12 are arranged to 
control the flow through passages 13 opening 
into the high pressure cylinder adjacent the 
ends thereof to an atmospheric discharge 14. 
The check valves permit flow of air from the 100 



O 

15 

ends of the high pressure cylinder under con 
ditions which will shortly be described, but 
prevent opposite flow. The casing 11 is pro 
vided with a vent connection 15 opening into 
the same between the check valves 12, and the 
vent connection is connected by a pipe 16 
with a vent controlling valve mechanism 17, 
herein including a ball valve 18 which may 
be moved off of its seat 19 by a piston 20 re 
ciprocable in a cylinder 21. The piston 20 
carries a piston rod or stem 20 which passes 
through an opening 19 in the valve seat, and 
the stem is grooved, as at 20, to permit the 
ready flow of fluid from above the valve seat 
to an atmospheric discharge 14 when the 
valve 18 is unseated. A spring 20° normally 
maintains the piston 20 in a position to per 
mit seating of the valve 18. 

20 

25. 
in the valve seats, the check valves will close, 

It will be evident that when the valve 18 
is seated no air can discharge from the in 
terior of the casing 11, and accordingly pres 
sure which passes the check valves 12 will 
build up and, because the backs of these check 
valves are of larger area than the surfaces 
thereof exposed to pressure through the ports 

very quickly after the closure of the valve 
18, and remain closed. When; however, the 
valve 18 is unseated, the check valves will be 
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free to open, due to the discharge of pres 
sure which has been acting on their backs, 
and accordingly, as soon as the pressure 
builds up to slightly above atmospheric pres 
sure in the high pressure cylinder, it will be 
vented. 
The supply of operating medium to the 

cylinder 21 is through a connection 22 which 
leads from a storage tank 23 having a check 
valve 24 controlling communication thereof . 
with a line 25, which also supplies controlling 
fluid to a line 26 leading to the cylinder 8 of 
the intake closure unloading valve of the low 
pressure cylinder. The check valve 24 is 
illustrated in section and on an enlarged 
scale in Fig. 3, and will be noted to comprise 
a ball valve 27 seated upon a seat 28, and also 
has a small port 29 opening through the web 
which supports the seat 28, so that some air 
may pass the check valve even though the 
valve is seated. The purpose of this arrange 
ment is to insure upon unloading, a time de lay in the unloading of the high pressure 
cylinder, while upon reloading, effecting 
simultaneous loading of the low and high 

55. 
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pressure cylinders. 
when air is admitted through the pipe 25 it 
will immediately act to unload the low pres 
sure cylinder, but that it will be able to pass 
to the piston 20 only through the leak port 
29, and accordingly the high pressure cylin 
der will be somewhat delayed in being un 
loaded and will discharge to the receiver the 
air within the intercooler, thus effecting 
economy. When, however, the air is vented 
from the pipe 25, discharge from the cylin 

It will be evident that 
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der 8 and from the cylinder 21 will occur at 
similar rates, for the air within the cylinder 
21 will be able to unseat the ball valve 27 and 
effect reloading very promptly. Of course 
a small delay taking place for one or two 
strokes of the high pressure cylinder piston 
may be necessary before the pressure acting 
upon the backs of the check valves 12 will be 
sufficient to maintain them closed. 
The control of operating fluid to the high 

and low pressure unloading mechanisms 
through the pipe 25, and the source of that 
fluid, will now be described. The compressor high pressure cylinder 5 discharges through 
a connection 31 to a receiver 32, and the re 
ceiver pressure may be as high as one thou 
sand pounds, whereas it may be desired to 
maintain the operating pressure for the un 
loading mechanism as low as one hundred 
pounds, or slightly above. Two-ways of ac 
complishing this result are illustrated. The 
receiver 32 is connected with a pipe 33 lead 
ing to a storage tank 34, whose function is 
merely to eliminate pressure fluctuations. 
This tank 34 is connected to a discharge side 
pressure governed pressure reducing valve 
35, which is mounted between stop valves 36 
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and 37 in a passage 38 leading to a valve cas 
ing 39. The valve casing 39 contains a three 
way valve, shown for simplicity as a piston 
valve 40, which controls the connection of a 
port 41, with which the pipe 25 communi 
cates, alternatively with an atmospheric vent 
42 and a port 43 to which the pipe 38 leads. 
An armature or plunger 44 is connected to 
the piston valve 40, and a solenoid 45 when energized moves the piston valve to a posi 
tion to vent the pressure supplied previous 
ly to the pipe 25, and thereby to effect load 
ing. The pressure reducing valve 35 is set 
to maintain any desired pressure in the line 
38, and may be set, for example, to maintain 
a pressure of 100+ or 110.it, or any other de 
sired pressure which is suitable for the di 
rect operation of the unloading mechanisms. 
Another source of operating pressure for 

the compressor unloading mechanisms is in 
tercooler pressure. To make this available, 
a storage tank 47 is connected through a 
check valve 48 and a line 49 with the air 
space of the intercooler; the check valve 48 
permitting passage of air to the reservoir 47 
but preventing reverse flow. A valved con 
nection 50 extends from the reservoir 47 to 
a T 51 between the stop valve 37 and the 
passage 38. By opening the valve 50 in the 
valve connection 50 and closing the valve 37, 
intercooler pressure may be used as the op 
frating medium for the unloading mecha 
..sms associated with the low and high pres sure cylinders. 
It is desirable that the unloading mecha 

nisms be made directly responsive to the pres 
sure in the compressor discharge line, and to 
effect this result means are provided for en 
ergizing and de-energizing the solenoid 45 in 
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direct accordance with the pressure in the 
receiver 32. A pressure responsive mecha 
nism 55 including a diaphragm 56 is con 
nected through a passage 57 with the line 33. 
The diaphragm 56 operates a pair of switch 
elements 58 and 59, and the movement of the 
switch element 58 controls a circuit leading 
to the solenoid 45. 
As it is desirable to effect starting of the 

motor 1 unloaded, and also to be able se 
lectively to control the output of the com 
pressor either by loading and unloading or 
starting and stopping, depending upon the 
conditions under which the compressor is 
working, I have illustrated an improved con 
trol system for the compressor driving mo 
tor and for the solenoid 45. Power lines 6 
and 62 are connectible through a double pole 
main line switch 63 with conductors 64 and 
65. The conductor 64 leads directly to One 
of the motor connections 66, and a conductor 
6 leads from the conductor 66 to a contact 
68 which is connectible through the switch 
element 58 with a second contact 69, which 
is in turn connected by a conductor 70 with 
the solenoid 45. The other end of the sole 
noid is connected by a conductor 71 to a con 
tact 72, which may be connected by a switch 
element 73 with a second contact 74. The last 
mentioned contact is connected by a conduc 
tor 75 to the conductor 65. The conductor 
65 is connected, through the overload coil 77, 
by a conductor 78 to one side of the primary 
contactor 9. The other side of this con 
tactor is connectible by a conductor 80 
through resistances 81,82 to a conductor 83 
leading to the other side of the motor. Re 
sistance cut-out contactors 84 and 85 are ar 
ranged to effect successive cutting out of the 
resistances 81 and 82, and are provided with 
operating coils 86 and 87, respectively. The 
main contactor 79 is provided with an op 
erating coil 88 and with a switch element 89 
which moves to closed position on closure 
of the contactor 79. Switch devices are pro 
vided to permit what is known as automatic 
and hand controls. The switch marked A 
when closed, i. e. in the position shown in 
Fig. 1, causes the compressor to run and to 
stop dependent upon the variations in re 
ceiver pressure. The switch marked H, when 
in the opposite position from that shown in 
Fig. 1, causes the compressor to operate con 
tinuously but to load and unload to maintain 
the receiver pressure within the desired lim 
its. It will be understood that the switches 
A and H are provided with arrangements 
which preclude both of them being in de 
pressed position at the same time. The 
switch marked R is a starting switch, and 
that marked B is a stopping switch. The 
connections may best be described in connec 
tion with the operation of the device. 

It will be noted that the switch A is con 
nected between a conductor 90 leading from 
the line 75 and a conductor 91 leading to a 

3. 
solenoid TD whose other end is connected 
by a conductor 93 to one of the contacts with 
which the switch member 59 cooperates. The 
other side of the switch 59 is connected by a 
conductor 94 with the line 67. The solenoid 
TD forms a part of a time delay relay, and 
this relay may be of any well known type 
which operates immediately upon supply of 
current thereto to effect actuation of the de 
vice controlled thereby, but which delays ap 
preciably after interruption of current sup 
ply to it the reverse operation of the device 
which it controls. Herein, the solenoid TD 
controls a core 95 which actuates a switch 
96, and on energization of the solenoid the 
switch 96 is immediately closed, whereas on 
de-energization a small delay occurs before 
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the switch 96 opens. What is known as a 
copper jacketed type of coil may be conven 
iently used for the solenoid TD. The pres 
sure responsive device 55 is shown in a po 
sition such that the switches 58 and 59 are 
open. Upon reduction in receiver pressure 
to the desired minimum, the diaphragm 56 
will operate to close the switches 58 and 59. 
Closure of the switch 58 will not result in 
immediate energization of the solenoid 45 be 
cause the switch 73 will still be open. Closure 
of the switch 59 will result in energizing the 
solenoid TD through the conductors 64, 67, 
94, switch 59, conductor 93, solenoid TD, 
conductor 91, automatic switch A, conductor 
90, and conductors 75 and 65. The switch 96 
will then close. Current will then flow in a 
circuit including conductor 65, conductor 100, 
overload switch 101, conductor 102, switch 
96, conductor 103, conductor 108, switch H, 
conductor 104, solenoid 88, conductor 105, 
conductor 67, and conductor 64. Energizing 
of the solenoid 88 will close the main con 
tactor 79 and the connected switch 89. The 

95 

G 

motor will then be supplied with current 
through a circuit including conductor 65, 
conductor 76, overload coil 77, conductor 78, 
contactor 79, resistances 81, 82, conductor 83, 
motor 1, and conductor 64. The closure of 
the switch 89 will result in the coils 86 and 

liu 

87 successively closing their contactors 84 
and 85 as the counter electro-motive force 
of the motor builds up; these solenoids op 5 

erating in a well known manner, it being 
noted that the coils 86 and 87 are so connected 
that the voltage of the current applied to 
them depends on the counter electro-motive 
force of the motor. When the contactor 85 
is closed, the motor, will be on the line and 
the compressor will be driven at full speed 
until the receiver pressure builds up to the 
desired maximum limit. It will be noted 
that the solenoid 45 will not be energized un 
til the switch 73 is closed, and this occurs 
only when the motor has been brought up to 
full speed. Accordingly, the compressor is 
started unloaded. Obviously, any other com 

2. 

2. 
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mon form of automatic resistance cut-out de 
vices might be employed if desired. 
Now, when the receiver pressure reaches 

the desired maximum value, the diaphragm 
56 will open the switches 58 and 59, and when 
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this occurs, the solenoid 45 will be immedi 
ately de-energized, resulting in immediate 
unloading of the compressor. The opening 
of the circuit by the switch 59 through the 
time delay coil TD will, however, not result 
in the opening of the switch 96 for a pre 
determined time after the switch 59 is opened, 
and accordingly the compressor will be un 
loaded before the motor current supply is in 
terrupted, and so the compressor driving mo 
tor will coast smoothly to a stop. When the 
receiver pressure again drops, the cycle de 
scribed will be reinitiated. 
If the switch His depressed and the switch 

A moved to its opposite position from that 
shown, the motor will be started, provided 
the switch R is also closed, through a cir 
cuit including conductors 65, 100, overload 
switch 101, conductor 107, hand switch H, 
conductor 108, switches B and R, conductor 
104, coil 88, and conductors 105, '67 and 64. 

30 
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It will be noted that the position of the switch 
96 will then be immaterial, and that because 
the switch A is in open position the coil TD 
will not be energized and de-energized as the 
switch 59 opens and closes. Energization of 
the coil 88 will result in the starting of the 
motor just as previously described, and the 
motor will then continue to run, the receiver 
pressure variations controlling the operation 
of the motor by varying the position of the 
switch 58, closing this switch when the pres 

ts to the desired minimum value, and 
thereby energizing the solenoid 45 and mov 
ing the valve 40 to its loading position; and 
when the receiver pressure reaches the maxi 
mum value, breaking the circuit through the 
solenoid 45. Obviously, in this case also the 
compressor starts unloaded when it is first 
set in operation by movements of the hand 
switch H and the starting, switch R. The 

50 
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compressor can be stopped by moving the 
switch B, to open position. . . . 
From the foregoing description it will be 

apparent that I have provided an improved 
system permitting either the loading and un 
loading or the starting and stopping methods 
of control of compressor output with a com 
pressor discharging at a very high pressure 

ing devices by pressure fluid at a much re 
duced pressure. Two sources of pressure ap 
propriate for the operation of the unloading 
devices are provided, either receiver pressure 
delivered through a reducing valve, or inter 
cooler pressure. In every case the com 
pressor is started unloaded, and whenever it is operating on the start and stop principle, 
it is always brought to a stop unloaded. 

and while effecting the control of the unload 
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While I have in this application specifi 
cally described one form which my invention 
may assume in practice, it will be understood 
that this form is shown for illustrative pur 
poses only 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 pumping system, a compressor, l 
loading devices therefor, operating means for 
said devices operable bypressurefluid, a source 
of fluid under a pressure less than compressor 
discharge pressure, and means for controllin 
operation of said operating means by flui 
from said source including a valve control 
ling communication between said source of 
fluid under pressure and said operating 
means, and means for controlling said valve 
governed by compressor discharge pressure. 

2. In a pumping system, a compound com 
pressor having an intercooler, unloading de 
vices for said-compressor operating means 
for said devices operable by fluid pressure, 
means for supplying intercooler pressure to 
said operating means and venting it there. from including a controlling valve, and 
means for controlling said valve governed by 
compressor discharge pressure. 

3. In a pumping system, a compressor, un 
loading devices therefor, operating means for 
said devices operable by pressure fluid, a 
source of fluid under a pressure less than com pressor discharge pressure including a pres 
sure reducing valve connected with the com 
pressor discharge, and means for controlling 
operation of said operating means by fluid 
from said source including a valve con 
trolling communication between said source 
of fluid under pressure and said operating 
means, and means for controlling said valve 
governed by compressor discharge pressure. 
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4. In a pumping system, a compressor, un 
loading devices therefor, operating means for 
said devices operable by pressure fluid, a 
source of fluid under a pressure less than com 
pressor discharge pressure, and means for 
controlling operation of said operating means 
by fluid from said source including a valve 
controlling communication between said 
source of fluid under pressure and said op 
erating means, and electromagnetic means 
for controlling said valve governed by com 
pressor discharge pressure. 

5. In a pumping system, a compressor, an 
electric driving motor therefor having start 
ing control devices, unloading devices for 
said compressor, operating means for said 
devices operable by pressure fluid, a source 
of fluid under a pressure less than compressor 
discharge pressure, and means for con 
trolling operation of said operating means 
by fluid from said source including a valve 
controlling communication between said 
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source of fluid under pressure and said op 
erating means, and electromagnetic means 
for controlling said valve governed by com 
pressor discharge pressure and by start 
ing control devices. 

n testimony whereof I affix my signature. 
FRANK. A. HALLECK. 


