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My invention relates to compressors, and more 
particularly to improved controlling, means for 
effecting unloading, in the desired manner, of 
compound compressors. 
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It is a common practice in connection with 
compound compressors to provide a total-closure 
type, intake unloader for the low pressure cylin 
der and to unload the high pressure cylinder by 
holding open the inlet valves of the latter. With 
a compressor so equipped, it is desirable to effect 
a Small time delay between the closure of the 
compressor intake and the unloading of the high 
pressure cylinder, in order that the partially com 
pressed fluid in the intercooler may be compressed 
in the high pressure cylinder and discharge to 
the discharge. line, thereby effecting a small, but 
desirable, economy. After complete unloading is 
effected, there is a tendency for the intercooler 
pressure gradually to build up, due to leakage 
past the intake unloader valve and the absence, 
due to the holding open of the inlet valves of the 
high pressure cylinder, of continuous removal of 
air from the intercooler by the high pressure 
cylinder; and therefore there is likely to be a 
periodic popping of the safety valve which is 
provided on the intercooler, a thing which is an 

, noying, and at times definitely undesirable. It is 
therefore desirable to provide for a venting of the 
intercooler after complete unloading is effected, 

30 

40 

and to maintain the same vented throughout the 
period of unloaded operation. 

It is an object of my present invention to pro 
vide an improved compound compressor. It is 
another object of my invention to provide an 
improved compound compressor having improved 
unloading means. It is a further object of my 
invention to provide an improved controlling 
means for effecting the unloading of a compound 
Compressor which will accomplish the functions 
pointed out as desirable in the foregoing analysis, 
It is a still further object of my invention to 
provide an improved unloading means for a com 
pound Compressor in which a single discharge 
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pressure responsive pilot valve is used to coratrol 
fluid supply for unloading of both the high and 
low pressure cylinders, and on which appropriate. 
devices are further provided for effecting a de 
layed unloading of the high pressure cylinder, 
and, thereafter, throughout the period of un 
loaded operation, a venting of the intercooler. 
Other objects and advantages of the invention 
will hereinafter more fully appear. 

In the accompanying drawing in which one 
illustrative embodiment which the invention may 
assume in practice has been shown, 

Fig.1 is a side elevational view of a multi-stage 
- Compressor in which the illustrative embodiment 
of the invention is incorporated, 

Fig. 2 is a vertical section on an enlarged scale 
through the Secondary control device which gov 
erns the time of high pressure cylinder unloading 
and venting of the intercooler, 

Fig. 3 is a detail sectional view through the 
unloading apparatus associated with an inlet 
valve of a high pressure cylinder, 

Fig. 4 is a section on the line 4-4 of Fig. 1 
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through the intake closure unloading apparatus, 
and - 

Fig. 5 is a section with parts omitted on the 
plane of the line 5-5 of Fig. 4. 

In the drawing, the compound compressor 
has a frame 2, a driving shaft 3, a flywheel 4, 
herein shown as belt driven, a low pressure cyl 
inder 5, a high pressure cylinder 6, and an inter 
cooler 7. The low pressure cylinder 5 takes in 
air through an air cleaner C and through an 
unloading mechanism generally designated 8 and 
of the total intake closure type, and discharges 
the air which it compresses, through a connection 
9 to the intercooler . The air from the inter 
cooler is taken into the high pressure cylinder 6 
through a connection fo, and after further com 
pression is discharged through a discharge line f. 
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The intercooler is provided with a usual pressure 
gage 2 and a pop safety valve 3. The high 
pressure cylinder 6 is provided with inlet-valve 
opening, unloading mechanisms, of which One 
unit is shown in Fig. 3. The intake closure type 
unloading mechanism includes a casing f6, pro 
viding a space to which air passes initially. 
The intake space of the low pressure cylinder 5 
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is connected with a space f, which is partitioned 
off by the wall 9 having alined openings 2D and 
21, from the space T. A double seat valve ele 
ment 22, normally held in open position by a 40 
spring 23, is movable by a piston 24, reciprocable 
in a cylinder 25, to close the openings 20 and 2, 
and thereby close communication between spaces 
8 and T and effect unloading of the low pressure 
cylinder by total closure of the intake to the 
latter. The cylinder 25 is placed in communica 
tion with a source of operating fluid and with . . 
exhaust through a connection 2. 
pressure cylinder is provided with inlet valves 28, 
normally held in closed position by springs. 29 
and controlling communication between spaces 
30, connected through the passage to with the 
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intercooler, and spaces 8 communicating directly 
with the cylinder proper. Plungers 32 are adapta 
ed to actuate fingers 3 to open and maintain 55. 
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2 a,187,752 
open the inlet valves of the high pressure cylinder, 
and connections 34 are arranged to effect com 
munication, between a source of pressure fluid 
supply and a point of exhaust, under the control 
of apparatus later described, and cylinders 35, 
in which the plungers 32 are reciprocable. 
A pilot valve 38, which may be of any suitable 

type, and which is herein illustrated as a so 
called RC pilot valve, is arranged to control con 
munication between the compressor discharge 
line and a pipe 40, and between said pipe and 
the atmosphere, being operative automatically, 
in a well known manner, upon a rise of the pres 
sure in the discharge line to a predetermined 
value, to open communication between the pipe 
40 and the discharge line, and so Supply fluid from 
the discharge line to said pipe; and, upon a pre 
determined drop in pressure below said predeter 
mined maximum, to interrupt the communication 
previously established and vent the pipe 40 to at- . 
mosphere. A tee 4f connects the pipe 40 with 
the connection 26, previously described; and ac 
cordingly, on opening of the pilot valve 36 to 
establish communication between the compressor 
discharge passage and the pipe 40, compressor 
discharge pressure passes immediately through 
the connection 26 to act upon the top of the 
plunger 24 and to close the double beat valve 22, 
and thereby immediately unload the low pressure 
cylinder. From the T 4 another branch 42 passes 
to a valve mechanism generally designated 43. 
This last mentioned valve mechanism includes a 
casing 44 having a relatively large bore 45 and 
an alined smaller bore 46. Within these bores 
a composite piston 47 is reciprocable. The piston 
47 comprises a larger portion 48 fitting the bore 
45 and a smaller portion 49 fitting the bore 46. 
A suitable spring 50 constantly tends to maintain 
the composite piston 47 in raised position. The 
space below the piston portion 48 is connected 
by a connection 5 to the air space in the inter 
cooler, so that the lower end of the piston por 
tion 48 is subjected to intercooler pressure. The 
upper end of the cylinder portion 46 communi 
cates, through the connection 42 and the T 4, 
with the passage 40, so that the upper end of 
the piston portion 49 is subjected to the differ 
ent pressures which prevail at different times in 
the passage 40. Upon a predeterminaed down 
ward movement of the piston portion 49 in the 
bore 46, the top end of the piston portion 49 un 
covers a lateral opening 53, which is connected 
through a pipe 54 with the connections 34 lead 
ing to the inlet valve opening plungers 32 for 
the high pressure cylinder. The upper end of 
the space within the larger cylinder bore 45 is 
vented to atmosphere through an opening 55, 
and upon downward movement of the piston por 
tion 48 through a predetermined distance in cyl 
inder 45, the upper end of the portion 48 un 
covers the mouth of a passage 56 which is con 
nected by a pipe 57 with the pipe 5 which opens 
into the air space of the intercooler. It will there 
fore be evident that upon predetermined down 
Ward movement of the composite piston struc 
ture 47, the intercooler air spaces will be con 
nected through the pipe 5, branch connection 
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57, port 56, the interior of cylinder 45 and went 
port 55 with the atmosphere, and also passage 
40 will be connected through the upper portion 
of cylinder space 46, port 53, passage 54 and 
branches 34 with the inlet valve opening plungers 
associated with the high pressure cylinder inlet 
valves. Obviously, since establishment of com 
munication between connection 42 and connec 

tion 54 effects unloading of the high pressure 
cylinder and therefore interrupts further pump 
ing out of the intercooler, it is necessary that 
the intercooler be vented to atmosphere by the 
uncovering of the port 56 no later than, and 5 
preferably somewhat earlier than, connection is 
established between the space above the piston 
49 in cylinder 46 and the passage 53. This can 
easily be insured by making the distance of com 
posite piston movement necessary to uncover the 10 
passage mouth 56 slightly less than the distance 
of composite piston travel necessary to uncover 
the port 53. 

It will be evident that the delay in downward 
movement of the composite piston structure 47 15 
after unloading of the low pressure cylinder, can 
be controlled to effect substantially any desired 
reduction in intercooler pressure before high , 
pressure cylinder unloading and venting of the 
intercooler takes place. Desirable results can be 20 
obtained for a compressor having, during run 
ning, an intercooler pressure of about thirty 
pounds and a high pressure discharge line pres 
Sure of perhaps 90 or 100 pounds, if high pressure 
cylinder unloading and intercooler venting are 25 
caused to take place when the intercooler pres 
Sure is reduced to about 10 pounds. Obviously, 
the stiffness of the spring 50 will enter into the 
design of the apparatus, and it will be noted 
that I have shown about a 9 to 1 area ratio be- 30 
tween the bottom surface of the piston portion 
48, subjected to intercooler pressure, and the top 
pressure area of the piston portion 49. This 
would involve the use of a Spring 50 exerting a 
relatively light pressure, and be suitable for 35 
about a 100 it discharge pressure, 
Because the upper end of the piston portion 49 

might tend to entrap some air in the pipe 54 and 
branches 34, and above the plungers 32, suitable 
means is provided to effect connection of the 40 
port 53 to atmosphere when the composite pis 
ton member 47 is in topmost position. Various 
means for accomplishing this result may be used, 
but I prefer to provide a peripheral groove 58 
in the piston portion 49 at such a position that 45 
it will be opposite the port 53 when the piston 
portion 49 is in top position, and to connect the 
groove 58 by means of a suitable passage 59 with 
the space in the bore 45 above the piston portion 
48, and so to atmosphere through the port 55. 50 
As a result of this arrangement, 53 will be con 
nected to atmosphere whenever the composite pis 
ton structure is in uppermost position, but this 
connection Will be discontinued before the top 
of the piston portion 49, upon downward move- 55 
ment, establishes communication between the 
port 53 and the connection 42. Obviously, other 
means for the same purpose could be used, and 
if desired a bleed port could be placed in the 
connection 54 and make modification of the com- 60 
posite piston structure unnecessary, 
The mode of operation of the apparatus de 

scribed and illustrated will be readily understood 
from what has been said. During normal opera 
tion of the compressor, that is, with the pressure 65 
below the predetermined maximum desired, the 
pilot valve 36 will be in such position that the 
Space above the plungers 32 will remain at atmos 
pheric pi'(3Sure. Communication between port 53 
and passage 42 will be interrupted by the upper 70 
end of piston portion 49, and port 53 will be con 
nected to atmosphere through groove 58, passage 
59, cylinder bore 45 and passage 55. 
Now starting with plungers 24 and 32 in raised 

position and with the composite piston 47 also in 5 
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raised position and held there by the intercooler 
pressure acting on the larger area at the bottom 
of the piston portion 48, it will be noted that when 
the predetermined desired maximum compressor 
discharge pressure is reached, the pilot valve 36 
will connect the passage 40 with compressor dis 
charge line if, and fluid will flow directly to the 
line 26 and therethrough to the plunger 24 and 
close the compressor intake controlling valve 22. 
The low pressure cylinder will be immediately un 
loaded, and the air contained in that cylinder will 
be discharged to the intercooler and thereafter 
practically no more air (except leakage air) will 
be delivered to the intercooler. Air will also pass 
at once from the pipe 40 to the space in the top 
of cylinder portion 46, but until the intercooler 
pressure is Substantially diminished, the com 
posite piston 47 will not be moved downwardly, 
and therefore at first no air will pass through the 
pipe 54 and branches 34 to the plungers 32, and 
the high pressure cylinder will continue to pump, 
and will pump down the intercooler pressure. 
When the intercooler pressure has been sufficient 
ly reduced, the discharge line pressure acting on 
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the upper end of piston portion 49 will overcome 
the effect of the much-reduced intercooler pres 
sure on the bottom of piston portion 48, and force 
down the composite piston 47, and vent the re 
maining intercooler pressure through line 51, 57, 
mouth 56, cylinder portion 45 and passage 55; 
and discharge line pressure then delivered 
through the passage 54 will unload the high pres 
'Sure cylinder and the compressor will operatefully 
unloaded. It will be noted that venting of the 
intercooler will merely make more positive the 
maintenance in lower position of the composite. 
piston structure 47. When the pilot valve 36, 
lpOn a predetermined fall in Compressor dis 
charge line pressure, vents the line 40, both the 
low pressure cylinder and the high pressure 
cylinder unloading-effecting plungers will be 
forthwith vented to the atmosphere through the 
pilot valve. The low pressure cylinder will im 
mediately begin to pump into the intercooler, and 
the high pressure cylinder to pump out of the 
intercooler. The mouth 56 and the passage 55 
have relatively small areas, and accordingly, there 
will be no serious retardation in the building up 
of intercooler pressure. When intercooler pres 
sure builds up sufficiently, composite piston struc 
ture 47 will seal the mouth 56, close of opening 
53, and move to top position. Ahy residual pres 
Sure in passage 54 will be bled of through groove 
58, passage 59 and port 55. 
From the foregoing description, it will be obvi 

ous that I have provided an improved apparatus 
for controlling a compound compressor, which 
automatically provides for the utilization of most 
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of the pressure contained in the intercooler at the 
instant unloading commences, which prevents the 
building up of pressure in the intercooler during 
unloaded operation, which is effective to provide 
the desired results with extremely simple appara 
tus, and which requires only a single compressor 
discharge pressure responsive primary pilot valve, 
and whose parts are simple, rugged and free from 
all danger of derangement in normal use. The 
apparatus is obviously susceptible of modification 
without departing from the fundamental spirit of 
the invention. . 
While I have in this application specifically de 

scribed one form which my invention may assume 
in practice, it will be understood that this form 
of the same is shown for purposes of illustration 
and that the invention may be modified and em 

3 
bodied in various other forms without departing 
from its spirit or the scope of the appended 
claims. w 

What I claim as new and desire to secure by 
Letters Patentis: . . . . 

1. In combination, a compressor having high 
and low pressure cylinders, means for unload 
ing the low pressure cylinder, and automatically 
acting means controlled by variations in pressure, 
at a point beyond said unloading means, arising 
from the unloading of the low pressure cylinder 
for Subsequently unloading the high pressure 
cylinder and venting the low pressure cylinder 

0. 

discharge freely to atmosphere at a point short of . 
said high pressure cylinder. 

2. In combination, a compressor having high 
and low pressure cylinders, intake closure means 
for unloading the low pressure cylinder, and auto- -- 
matically acting means controlled by variations 
in pressure, at a point beyond said unloading 
means, arising from the unloading of the low 
preSSure cylinder for Subsequently unloading the 
high pressure cylinder and venting the low pres 
Sure cylinder discharge freely to atmosphere at a 
point short of the high pressure cylinder. 

5 

20 

25 
3. In combination, a compressor having high . 

and low presure cylinders, means for unloading 
the low pressure cylinder, and automatically act 
ing means operated by terminal pressure and gov 
erned by variations in pressure, at a point beyond 
said unloading means, arising from the unloading 
of the low pressure cylinder for subsequently un 
loading the high pressure cylinder and venting 
the low pressure cylinder discharge freely to 
atmosphere. 

4. In combination, a compressor having. high 
and low pressure cylinders, intake closure means 
for unloading the low pressure cylinder, and 
automatically acting means operated by terminal 
pressure and governed by variations in pressure, 
at a point beyond said unloading means, arising 
from the unloading of the low pressure cylinder 
for subsequently unloading the high pressure 
cylinder and venting the low pressure cylinder 
discharge freely to atmosphere. 

5. In combination, a compressor having high 
and low pressure cylinders and an intercooler, 
means for unloading the low pressure cylinder, 
and automatically acting means operated by ter 
minal pressure and opposed in its movements by 
intercooler pressure and governed by variations 
in pressure arising from the unloading of the low 
pressure cylinder for subsequently unloading the 
high pressure cylinder and venting the inter 
cooler freely to atmosphere. 

6. In combination, a compressor having high 
and low pressure cylinders and an intercooler, in 
take closure means. for unloading the low pres 
sure cylinder, and automatically acting means 
operated by terminal pressure and opposed in 
its movements by intercooler pressure and gov 
erned by variations in pressure arising from the 
unloading of the low pressure cylinder for subse 
quently unloading the high pressure cylinder and 
venting the intercooler freely to atmosphere. 

7. In combination, a compressor having, high 
and low pressure cylinders and an intercooler, in 
take closure means for unloading the low pres 
sure cylinder, inlet valve opening means for un 
loading the high pressure cylinder, and automati 
cally acting means controlled by variations in 
pressure arising from the unloading of the low 
pressure cylinder for subsequently unloading the 
high pressure cylinder and venting the inter 
cooler freely to atmosphere. 
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8. In combination, a compressor having high 
and low pressure cylinders and an intercooler, in 
take closure means for unloading the low pres 
sure cylinder, inlet valve opening means for un 
loading the high pressure cylinder, and automati 
cally acting means operated by terminal pressure 

- and responsive to variations in pressure arising 
from the unloading of the low pressure cylinder 
for subsequently unloading the high pressure cyl 
inder and venting the intercooler freely to atmos 
phere. 

9. In combination, a compressor having high 
and low pressure cylinders and an intercooler, in 
take closure means for unloading the low pressure 
cylinder, inlet valve opening means for unloading 
the high pressure cylinder, and automatically 
acting means controlled by variations in pressure 
in the intercooler arising from the unloading of 
the low pressure cylinder for subsequently un 
loading the high pressure cylinder and venting 
the intercooler freely to atmosphere. 

10. In combination, a compressor having high 
and low pressure cylinders and an intercooler, in 
take closure means for unloading the low preSSure 
cylinder, inlet valve, opening means for unloading 
the high pressure cylinder, and automatically 
acting means operated by terminal pressure and 
responsive to variations in pressure in the inter 
cooler arising from the unloading of the low pres 
sure cylinder for subsequently unloading the high 
pressure cylinder and just prior thereto venting 
the intercooler to atmosphere. 

11. In a controlling apparatus of the type de 
fined and adapted to effect supply of pressure to 
a high pressure cylinder unloading means and to 
vent an intercooler, a casing providing allined 
cylinder bores of different diameters, a composite 
piston having portions fitting said bores, inter 
cooler vent means controlled by the larger pis 
ton portion, high pressure cylinder unloading 
means, a supply port for said high pressure cyl 
inder unloading means controlled by the smaller 
piston portion, means for subjecting the Smaller 
piston portion to a pressure to be controlled, and 
means for applying an opposing pressure on the 
larger piston portion. '. 

12. In a controlling apparatus of the type de 
fined and adapted to effect supply of pressure to 
a high pressure cylinder unloading means and 
to vent an intercooler, a casing providing a lined 
cylinder bores of different diameters, a composite 
piston having portions fitting said bores, inter 
cooler vent means controlled by the larger piston 
portion, high pressure cylinder unloading means, 
a supply port for said high pressure cylinder un 
loading means controlled by the smaller piston 
portion, means for subjecting the smaller piston 
portion to the compressor discharge pressure to 
be controlled, and means for applying as an op 
posing pressure intercooler pressure on the larger 
piston portion. 

13. In a controlling apparatus of the type de 
fined, a casing providing alined cylinder bores of 
different diameters, a composite piston having 
portions fitting said bores, a port controlled by 
the larger piston portion, a port controlled by the 
Smaller piston portion, means for subjecting the 
Smaller piston portion to a pressure to be con 
trolled, and means for applying an opposing, 
lower, related pressure on the larger piston por 
tion, 

14. In a controlling apparatus of the type de 
fined, a casing providing alined cylinder bores of . 
different diameters, the larger bore vented at its 
top, a composite piston having portions fitting 

2,187,752 
said bores, a port controlled by the larger pis 
ton portion, a port controlled by the smaller pls 
ton portion, means for Subjecting the smaller pis 
ton portion to a pressure to be controlled, and 
means for applying an Opposing, lower, related 
pressure on the larger piston portion and con 
ducting the last named pressure to the first men 
tioned port. 

15. In combination, a compressor having high 
and low pressure cylinders and an intercooler, 
means for unloading the low pressure cylinder, 
and automatically acting means controlled by 

0 

variations in pressure arising from the unloading 
of the low pressure cylinder for subsequently vent 
ing the inter-cooler to atmosphere and then un 
loading the high pressure cylinder. 

16. In combination, a compressor having high 
and low pressure cylinders and an intercooler, 
intake closure means for unloading the low pres 
sure, cylinder, and automatically acting means 
Coltrolled by variations in pressure arising from 
the unloading of the low pressure cylinder for 
Subsequently venting the intercooler to atmos 
phere and then unloading the high pressure cyl 
inder. . 

17. In a controlling apparatus of the type de 
fined and adapted to effect supply of pressure to 
a high pressure cylinder unloading means and to 
vent an intercooler, pressure responsive valve 
means movable in One direction to effect inter 
cooler Venting and to admit pressure to effect high 
pressure cylinder unloading, and in an opposite 
direction to stop intercooler venting and effect 
high pressure cylinder re-loading, and controlling 
means for said valve means having opposed sur 
faces of unequal areas, the smaller subjected to 
high pressure cylinder discharge pressure and the 
larger to intercooler pressure. 

18. In a controlling apparatus of the type de 
fined and adapted to effect supply of pressure to 
a high pressure cylinder unloading means and 
to vent an intercooler, pressure responsive valve 
means movable in one direction to effect inter 
cooler venting and to admit pressure to effect 
high pressure cylinder unloading in the order 
named, and in an opposite direction to stop inter 
Cooler venting and effect high pressure cylinder 
re-loading, and controlling means for said waive 
means having opposed surfaces of unequal areas, 
the smaller subjected to high pressure cylinder 
discharge pressure and the larger to intercooler 
preSSure. 

i9. In a controlling apparatus of the type de 
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fined and adapted to effect. Supply of pressure to . 
a high pressure cylinder unloading means and to 
vent an intercooler, pressure responsive valve 
means movable in one direction to effect inter 
cooler venting and to admit pressure to effect high 
pressure cylinder unloading, and in an opposite 
direction to stop intercooler venting and effect 
high pressure cylinder re-loading, and controlling 
means for said valve means having opposed sur 
faces of unequal areas, the smaller subjected to 
a pressure to be controlled and the larger to a 
related lower pressure. 

20. In a controlling apparatus of the type de 
fined and adapted to effect supply of pressure to 
a high pressure cylinder unloading means and to 
vent an intercooler, pressure responsive valve 
means movable in One direction to effect inter 
cooler venting and to admit, pressure to effect 
high pressure cylinder unloading in the order 
named, and in an opposite direction to stop inter 
cooler venting and effect high pressure cylinder 
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re-loading, and controlling means for said valve 76 
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means having opposed surfaces of unequal areas, 
the smaller subjected to a pressure to be cone 
trolled and the larger to a related lower pressure. 

21. In combination, a compressor having high 
and low pressure cylinders, and means for regu 
lating the output of said compressor in accord 
ance with compressor discharge pressure varia 
tions, first unloading said low pressure cylinder, 
and thereafter unloading said high pressure cyl 
inder and venting the low pressure cylinder dis 
charge freely to atmosphere, and effecting reload 
ing of the low and high pressure cylinders simul 
taneously upon reduction of compressor discharge 
pressure to the desired minimum, said means in 
cluding means automatically controlled by varie 
ations in pressure at a point beyond the low pres 

pressor discharge pressure. 

sure unloading means for effecting delayed un 
loading, of said high pressure cylinder and vent 
ing of the low pressure cylinder discharge. 

22. The combination defined in claim 21 in 
which means for effecting unloading of the low 5. 
pressure cylinder is provided in the form of in 
take closure means. . 

23. The combination defined in claim 21 in . 
which the means for effecting delayed unloading 
of the high-pressure cylinder is controlled by in- 10 
tercooler pressure. 

24. The combination defined in claim 21 in 
which the neans for effecting delayed unloading 
of the high pressure cylinder is operated by Com 
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