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Si A S UNITED PATENT OFFICE, 
LAWRENCE. A. GRAY, OF TEIULLAN, IDAHO. 

NOAER. 

1,206,532. Specification of Letters latest. laterited Nov. 28, 1926. 
Application filed Aarch 8, 1916. Serial No. 32,733. 

To all whom it may concern. 
Be it known that I, LAWRENCE. A. GRAY, a 

citizen of the United States, and a resident 
of Mullan, in the county of Shoshone and 
State of Idaho, have invented certain new 
and useful Improvements in Unloaders, of 
which the following is a specification. 
The object of my invention is to provide 

an unloader connected with the intake of a 
multi-stage air or gas compressor, which au 
tomatically relieves the compressor of load 
when the pressure in the receiver, or delivery 
line reaches a predetermined value and 
causes the compressor to take up full load 
again when the pressure falls below a criti 
cal point, and which obtains these results 
without loss of volumetric efficiency or 
power and without loss of compressed air 
trapped in the intercooler. 
As distinguished from other unloaders of 

similar location, my invention is dependent 
neither upon a throttling of the intake, 
which causes overheating and loss of volu 
metric efficiency, nor upon the production of 
a vacuum in the compressor, which presents 
serious mechanical difficulties and also re 
sults in heating and loss of power if a prac 
tical vacuum be not obtained. My unloader 
closes the intake of the compressor without 
throttling when the receiver pressure arrives 
at the predetermined value, and thereupon 
places the intake in communication with the 
intercooler, so that thereafter the piston of 
the low pressure stage operates idly, taking 
air from and returning it to the intercooler, 
while the high pressure stage by its con 
tinued operation draws upon the partially 
compressed air stored in the intercooler until 
the pressure in the latter falls substantially 
to atmospheric conditions: then the intake 
of the low pressure stage is re-opened to the 
atmosphere, so that, during the succeeding 
period and until the receiver pressure falls 
below the critical value, atmospheric air is 
passed through the low pressure stage with 
out having work done upon it, thereby 'e- 
lieving the compressor of a large part of its 
ioad and cooling the ovy pressure stage by 
the circulation of air therethrough. The 
high pressure stage now operates as a sin 
gle stage compressor, receiving air at atmos 
sheric pressure from the intercooler; it is 
to be understood, however, that additional 
means may be provided, if desired, for also unloading the high pressure stage. When 

the pressure in the receiver or delivery line 
becomes less than the critical value, the com 
munication between the intake of the low 
pressure stage and the intercooler inserted 
between the stages is closed, and, the intake remaining open to the atmosphere, normal 
load conditions are restored. A preferred 
embodiment of the unloader, comprising a 
combination of main valves, motors for op 
erating the same and pilot valves and con 
nections for controlling the operation of the 
motors. So as to produce full opening and 
closing of the main valves in a predeter 
mined order, dependent upon the conditions 
of receiver and intercooler pressures, will 
now be briefly described, but it is to be un 
derstood that numerous modifications are 
permissible and that the essential features of 
the invention may be embodied in other spe 
cifically different forms and combination. 

In the accompanying drawings: Figure 1 
is a vertical section through the unloader 
casing and valves, and through the casing 
containing the valve-operating pistons and 
pilot valves, the latter being shown partly in 
section and partly in elevation. This view 
shows the parts in the positions which they 
hold during the normal operation of the 
compressor. Fig. 2 is a vertical section on 
the line 2-2 of Fig. 1. Fig. 3 is a semi-dia 
grainimatic plan view, showing how the un 
loader may be arranged with reference to 
the other parts of the compressor system. 
Fig. 4 is a horizontal section through the 
unloader casing and valves. Fig. 5 is an en 
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90 
larged plan view of the upper casing and 
piping connections. Fig. 6 is a side eleva 
tion of the same. Fig. 7 is an enlarged ele 
wation of pilot valve 47. Fig. 8 is an en 
larged vertical section through pilot valve 48 
in its chamber. Fig. 9 is an enlarged verti 
cal section illustrative of another arrange 
ment of Springs for the main valves of tin 
loaders of large size. Fig. 10 is a vertical 
section through the upper casing, the pistons 
and pilot valves within all being down. This 
is the condition which results when the re 
ceiver press}re has risen above the prede 
termined vaiue, thereby forcing down the 
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pilot valve 48, with the result that pistons 105 
39 and 40 are forced downward in succes 
sion. Fig. 11 is a similar view, with piston 
39 and pilot valve 47 up and pilot waive 48 
and piston 40 still down. This is a condi 
tion succeeding that of Fig. 10, the inter. 4.9 
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cooler pressure having fallen sufficiently to 
permit valve 47 to rise, this valve then per 
Initting air to exhaust from cylinder 41 so 
that piston 39 could also rise. Figs. 12 and 

i; 33 are elevations of one of the main valves 
and its reversible bushing. 

Fig. 3 illustrates somewhat diagrammati 
cally the relation of the unloader to a two 
stage air compressor, of which 15 is the low 
pressure stage and 16 the high pressure 
stage. The unloader, designated as a whole 
by the nuineral 17, is connected in the inlet pipe 18, as near as possible to the intake 19 
of the low pressure stage. 20 is the outlet 

: from the low pressure stage to the inter 
Cooler 21 and 22 is the pipe leading from 
the intercoole to the intake of the high 
I'essure stage, from which the finally cont 

pressed air is delivered through pipe 23 to 
a receiver 24 connected with the high pres 
Stre line 25. 
As illustrated, the unloader comprises 

casing 26 having three connections, 27. 
and 29, 2 being the inlet connection, 
the outlet delivery to the intake of the low 
pressure stage, and 29 being connected with 
the intercooler through pipe 30. Interiorly 
the casing is divided by suitably arranged 
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wallis 31 to form three chambers open to 
the three connections, the chambers thus 
formed being an inlet or source chamber 32, 
ai, outlet chamber 33 communicating with 
the compressor intake, and a chamber 34. 
communicating with the intercooler. For 
orvenience, therefore, these three chain 
pers may be termed, respectively, the source 
ghamber, the intake chamber, and the inter. 
cooler chamber. The top and botton walls 
of the intake chamber 33 aire formed 
with openings for two main double-seat, 
valves 35, 36, the coéperating seats being 
designated 37 and 38. During normal opera 
tion the valve 35 remains opeia and the valve 
36 closed. These valves are operated by 
suitable motors, comprising pistons 39 and 
40 operating in fluid pressure cylinders 4i, 
42 against the action a compression springs 
43, 44 surrounding the Yaive rods 45 and 46. 
on the upper ends of whici the pistons 39 
and 40 are loosely moranted. Under normal 
conditions these springs and the pistons and 
the valves 35 and 36 in their highest posi 
tions, in which positions the valve 35 is 
open and the valve 36 is closed. When fluid 
pressure is admitted to the cylinders 41 and 
42, above the pistons, the latter are driven 
downward, thereby seating valve 35 and 
opening valve 36, provisions being inade, 
however, as presently described, whereby 
the second valve is not opened until after 
the first has been closed. : 
The operation of the fitid pressure pis 

tons 39 and 4) is controlled by 

g 
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... k. two pilot, 
valves 47 and 48, ii. 318 nature of pistons, 

63 operating in cylindricai ci 9 and 50. 

3. 

The top of the chamber 50 is in communi 
cation with the receiver 24 through a small 
pipe 51, and the chamber 49 is similarly 
connected with the intercoolier by a pipe 52. 
The cylinders and chambers 4, 42.48 and 
49 are preferably formed in axial parallei 
is:iii) a block or casting 53, supported from 
the top plate 54 of the unioader casing by 
means of stanchion rods 55 and having its 
bottom closed by a plate 56. The pilot, valve 
48 is showi) mounted on a stem 57, which 
pa3Se: fircigh the said piate 56 and is en 

n by a compression spring 58 which 
* Yiges this stem and valve tapward 
ition shown in Fig. 1. The pilot, 

e 47, as preferably constructed, 's idi 

s 

a coal pression spring 59 housed in the inte 
rior of the said valve and in a fixed tubular 
extension 60. The force of this spring Inay. 
be adjusted by a screw 61, and in like man 
ner the tension of the springs i3, 44 and 58 
may be regulated by setting coliai’s 62 at 
different points on the ro?is. . The rods 45. 
48 and 57 pass loosely throug 
: hat, the downward movese: 
ions 39 azad 4G and of the valve 43 is riot 
opposed by the air hereath them. The un 
der side of the pilot 'y'alive 47 is in free coin 
trianication vith the ai, Omospiaere through a 
vent 63 in the tubular extension 60. The 
pilot, waive chamber 50, in addition to the 
inlet, in its to fro?s the receiver, is pro 
vided in its side with a port 64 coinnatini 
cating with a pipe 65, this port being in 
such position that it is uncovered by the 
valve 48 when tie atter is in its uppermost 
position only. The pilot, valve chamber 49 
is provided in opposite sides and at the same 
level with perts 66 and 37, which when the 
pilot, vaiye 47 is in its lowermost positi: 
(see: in Figs, and 10) register with an 
an air circuitferential valve channel 68. 
This waive is also provided with a lateral 
exhaust, port, 69 formed through its Wall 
and positioned to register with the ports 67 
when the said valve is in its uppermost po 
sition; and, in order to insure the registry 

7 5 

with a closed top, and is kept, open by 

85 

of these ports at such time, means are pro 
vided, as indicated at 70, to keep the valve 
from tucaing. The valve 48 is also hollow 
(see Fig. 8), being closed at the bottom and 
open at the top, and is provided with a 

- slaterai port l leading from its interior to 
a circamferential channel 2, Sylhich is po 
sitioned to register with the or 84 when 
the valve is in its lowest position. The top 
of this valve, against, which the receiver 
press, Fre acts, is (it reduced 3 rea, and when 
the valve is in its upper, normali position. 

air pressure is kept fron acting he 
k {}f the "give because of the pro 

- - - - - - - - traces 8 on the 
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chamber 49 through a connection 77, and 
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and 74 at opposite sides, the one located at 
its top and the other in a lower position to 
be uncovered by the piston 39 when the lat 
ter is forced downward. The cylinder 42 
is also provided with two ports 75 and 76, 
the port 75 being at the top and the port, 76 
in position to be uncovered by the piston 
40 directly after the latter starts on its 
downward movement. The pipe 65 leading 
from port 64 of pilot waive chamber 50 is 
connected on one hand with port 66 of waive 
On the other hand through piping 78 with port 76 of fluid pressure cylinder 42. Port 
6 of pilot valve chamber 49 is connected 
with port 73 of fluid pressure cylinder 41 
by a pipe 79. From port 74 of this cylinder 
fluid may pass through piping 80 having an 
automatic non-return valve 81 to port 5 at the top of fluid pressure cylinder 72. 
... The lower portions of the main valve rods 
45 and 46 pass through a bottom plate 82 
of the unloader casing and carry pistons 83 
and 84 which operate in dash-pot cylinders 
85 and 86 having adjustable air vents 8 and 
88. The function of these dash-pots is to 
prevent the main valves 35 and 36 being 
closed with undue force, and their adjust 
ment is not such as to cause the valves to 
close gradually with a throttling action. 
The body of the unloader casing is pref 

erably of duplicate construction at top and 
bottom, and its closure plates 54 and 82 are 

35 interchangeable with respect thereto, so that the body of the casing can be inverted, thus 
bringing the intercooler connection 29 at 
-either the right or the left-hand side, as may 
be made desirable by the lay-out of the 

40 
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plant; and for the same purpose the Valve 
seats 37 are remevable and reversible with re 
spect to the valve seat openings in the Walls 
31. To this end the seats 37 and 38 are formed 
in removable bushings 89 and 90, which 
comprise ring portions 9 having the seats 
ground therein and narrow longitudinal 
portions 92 connecting the rings. 
To invert the body of the casing the un 
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loader is first taken apart and then the body 
is turned upside down about a horizontai 
axis perpendicular to the plane of Fig. 1. 
This brings the intercoolier connection at 
the left instead of at the right and the po 
sitions of valves 35 and 36 are interchanged. 
Now, in order that the valve seats may face 
the valves, it is necessary to invert then in 
their openings. When the closure plates 
are replaced, the plate 54 may still occupy 
the position at the top and the plate 82 be 
at the bottom because of the duplicate con 
struction of the ends of the body. It is 
necessary, however, to reverse the closure 
plates, so that their right-hand ends are at 
the left and vice-versa, in order to bring 
the valve rod openings in vertical alineaent 
with the new positions of the velves, it is 

& 

also necessary to reverse the block 53 con 
taining the pilot valves. 
The valves 35 and 36 are shown as being 

built up in the same manner and the de 
Scription of the preferred construction of 
One will suffice for both. The valve 35 
comprises two end rings 93 and 94 ground 
to coöperate with the seats 3 and united 
with each other by longitudinal portions 95. 
into these ring portions are screwed heads 
96 and 9 having central apertures closely 
fitting the Fod 45 and when in position abut. 
ting against shoulders formed by an en 
largement 98 on the rod. Additional ten 
sile strength is afforded the valve by steel 
Screw bolts 99 which engage threaded open 
ings in the heads 96 and 97. 
The operation of the particular embodi 

ment of the invention illustrated will now. 
be briefly described. 1During the normal operation of the com 
preSSOr, the condition of the parts is that 
shown in Fig. 1; that is to say, the main 
Valve 85 is open, the other main valve 36 
is closed, their pistons 39 and 40 are both 
in their upper positions, the pilgt, valve 48 
is in upper position, and the pilot valve 47 
is down. If now the receiver pressure rises 
above the predetermined value, this pressure 
acting upon the head of the pilot valve 48 
depresses the latter against the action of 
spring 58 until the valve bottoms against 
the plate 56, when the groove 72 registers 
with the port 64. This air is then free to 
pass through connections 65 and 77 to ports 
66 of pilot, valve chamber 49. This waive 
being down, it may fow around through the 
circumferential channel 68 to the port, 67, 
whence it passes through the pipe 79 to port, 
73 at the top of cylinder 41. The pressure 
acting upon the top of piston 39 in this 
cylinder forces the latter downward against 
the tension of spring 43 thereby closing 
the valve 35 upon its seat. When this oc 
cul's the piston. 39 has uncovered the port 
74, so that the motive fluid may flow by 
way of pipes 80 to port 75 at the top of 
fluid pressure cylinder 42. In this way the 
piston 40 is forced downward to open the 
main valve 36, but not until after the main 
wave 35 is closed. While this condition 
continues, the intake of the low pressure 
stage of the compressor is cut off from the 
atmosphere, so that no more atmospheric air 
is taken into the compressor, but instead 
the intake is placed in communiction with 
the intercooler to which the low pressure 
stage deiivers, so that the piston of this 
stage operates idly, drawing air from and 
returning it to the intercooler without doing 
work thereon. The cylinder of the high 
pressure stage of tire compiressCr is mean 
while taking air froin the intercooler, so 
that the pressure ill, the atter falls, and 
when it is reduced to the desired degree or 
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practically to atmospheric pressure, the 
pilot valve 47 rises, because the intercooler pressure acting through pipe 52 is no longer 
strong enough to overbalance the spring 59. 
This lipward movement of the pilot valve 47 
interrupts the fluid pressure connection be. 
tween pilot, valve chamber 50 and the fluid 
pressure cylinder 41, and instead brings the 
exhaust port 69 into registry with port 67, 
with the result that the space above the pis 
tion 39 is placed in communication with 
the atmosphere, so that the spring 43 
promptly reopens the main valve 35. The 
fluid pressure cylinder 42, however, is not 
exhausted, the valve 81 closing against any 
back flow through the pipe 80; and fluid 
pressure continues to act upon the piston 
40 through the port 76 which was uncovered 
when the said piston moved downward. 
Therefore, the piston 40 is not allowed to 
rise and the main valve 36 remains open. 
Now both the intake and the intercooler are 
open to the atmosphere. So that the piston 
of the low pressure stage of the compressor 
continues to operate idly, circulating at 
mospheric air through its cylinder. The 
high pressure stage from now on operates 
as a single stage compressor, receiving at 
mospheric air from the intercooler, coun 
pressing it and delivering it into the re 
ceiver. However, as stated, my invention 
does not necessarily excitade the provision 
of Suitable means for unloading the high 
pressure stage as well as the low pressure 
stage. The circulation of atmospheric air 
through the low pressure stage during this 
period together with the action of the lisual 
water-iacket, has a decided cooling effect 
upon this stage, so that for a time after the 
normal operation is restrined the volumetric 
efficiency of the compressor is substantially 
increased. It may now be assumed that the 
receiver pressure falls below the critical 
value, thus permitting the pilot, valve 48 
to rise. This cuts of cylindel' 42 from the 
supply of motive fluid and permits the same 
to exhaust to the atmosphere through con 
Inections 8 and 65 when the lower end of 
the valve uncovers port 64. This enables 
spring 44 to raise piston 40 and close the 
main valve 36. In this way the normal con 
dition is restored and the compressor re 
sumes full load, its intake being open to the 
atmosphere hut cut of from the intercooler, 
One other condition remains to be con sidered. This is the contingency that the 

receiver pressi'e may fall below the critical 
value before the action of the piston of the 
high pressure stage of the compressor has 
"educed the pressure in the intercooler to 
that of the atmosphere, or to such low point 
as will permit the pilot, valve 4 to be raised 

6. 5. 
by its spring 59 or the action of atmospheric 
pressure below said valve. The result of 
the upward movement of pilot waive 48 

i.203, 33 

under the condition indicated is to cut of . 
both of the cylinders 41 and 42 from fluid 
pressure and to connect both of them with 
the atmosphere, so that their pistons may 
rise under the action of the springs 43 and 
44. The exhaust, passage from cylinder 42, 
however, is much more direct and may also 
be of larger cross-section than that from 
cylinder 41, and the spring 44 is preferably 
stronger than the spring 43, so that the main 
valve 36 is seated before main valve 35 is re 
opened, thus avoiding loss of such pressure 
as remains in the intercooler. In this con 
nection it may be noted that the ends of the 
main valve 36 are of unequal area, the ar 
rangement being such that the pressure left 
in the intercooler has an increasing effect 
to close this valve the nearer it approaches 
its seats. Consequently the closing of the 
port 76 by the piston 40 when the latter has 
almost reached its upper position does not 
check the closing of the main valve 86. The 
clearance above the piston 40 is so greatly 
augmented by the interior of the piping 80 
that the compression of air by the said pis 
ton after closing port 76 is negligible. 
The purpose of reducing the area of the 

pilot valve 48 initially exposed to receiver 
pressure and of the provision of the seat 80, 
is to cause this valve to yield only to an 
excess pressure in the receiver, that is to 
Say a pressure greater than that necessary 
to continue the downward movement of the 
valve and to hold it down, after its move 
linent has once been started. This obviates 
fluttering of the valve. It also results that 
the valve returns to normal position at a 
Somewhat lower receiver pressure than that 
which is required to move it from normal 
position, ' 

Fig. 9 shows a slight modification in re 
Spect to the springs which restore the main 
valves to their normal positions. This ar 
rangement is suitable more particularly for 
unloaders of large size, for which extension 
Springs are more desirable than compression 
Springs. Two such springs 43 are shown 
at opposite sides of the valve rod 45, being 
adjustably connected at their upper ends by 
means of eye bolts 100 to a cross-piece 101 
on top of the block 53, their lower ends 
being Secured to a cross-piece 102 bearing 
against an adjustable collar or nut 103 on 
the valve rod. 
The compressor, has been referred to for 

convenience as an air compressor, but it will 
be understood that the invention is equally applicable to gas compressors. The term 
“atinosphere” therefore means merely the 
Source from which the compressor draws the 
fluid to be compressed, and “atmospheric 
pressure” means the pressure of the source. 
The term “receiver pressure’ is employed as 
a convenient one meaning pressure at ne 
delivery side of the compressor, or 2. 
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point beyond the stage which operates upon 
the partly compressed fluid from the inter 
cooler. This term is not intended, there 
fore, to limit the invention to the employ 
ment of a receiver. 
What I claim as new is: 
1. The combination of a multi-stage air 

or gas compressor having an intercooler, and 
means controlled by receiver pressure and 
operative when the same reaches a predeter 
mined value to shut of the intake of the low 
pressure cylinder from the source and there 
upon to place Said intake in communication 
With the intercooler. 

2. The combination of a multi-stage air 
or gas compressor having an intercooler, 
means controlled by receiver pressure and 
operative when the same reaches a predeter 
mined value to shut off the intake of the 
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low pressure cylinder from the source and 
thereupon to place said intake in communi 
cation with the intercooler, and means con 
trolled by the intercooler pressure and oper 
ative to connect both the intake and the 
intercooler with the source when the pres 
Sure in the intercooler has been reduced 
approximately to that of the source by the 
continued operation of the high pressure 
cylinder piston. 

3. The combination of a multi-stage air 
or gas compressor having an intercooler, 
means controlled by receiver pressure and 
operative when the same reaches a predeter 
mined value to shut off the intake of the 
low pressure cylinder from the source and 
thereupon to place said intake in communi 
cation with the intercooler, and means con 
nected with the intercooler and operative 
upon a predetermined lowering of pressure 
therein to re-open the intake to the source, 
the communication between the intake and 
intercooler remaining open. 

; 4. The combination of a multi-stage air 
or gas compressor having an intercooler, 
means controlled by receiver pressure and 
operative when the same reaches a predeter 
mined value to shut off the intake of the 
low pressure cylinder from the source and 
thereupon to place said intake in communi 
cation with the intercooler, means connected 
with the intercooler and operative upon a 
predetermined lowering of pressure therein 
to re-open the intake to the Source, the com 
munication between the intake and inter cooler remaining open, and means whereby 
the said communication is closed when the 
receiver pressure falls below a critical value. 

5. The combination of a multi-stage air 
or gas compressor having an intercooler, 
means controlled by receiver pressure and 
operative when the same reaches a predeter 
mined value to shut of the intake of the 
low pressure cylinder from the source and 
thereupon to place said intake in communi 
cation with the intercooler, means connected 

With the intercooler and operative upon a predetermined lowering of pressure therein 
to re-open the intake to the source, the com 
munication between the intake and inter cooler remaining open, and means whereby 
the communication between the intake and 
the intercooler is closed and that between 

70 

the intake and source re-opened, in event . 
of the receiver pressure falling to a critical 
value before the supply of compressed fluid 
trapped in the intercooler has been ex 
hausted. 

75 

6. An unloader connected with the intake 
of a stage of a multi-stage air or gas com 
pressor and comprising two valves, the first 
of said valves constructed to open and close 
communication between said intake and the 
source and the second to open and close com 
munication between the intake and the inter 
cooler to which said stage delivers, and 
means controlled by receiver pressure and 
operative when the same reaches a predeter 
mined value to close the first valve and then 
to open the second valve. 

7. An unloader connected with the intake 
of a stage of a multi-stage air or gas com 
pressor and comprising two valves, the first 
of said valves constructed and arranged to 
open and close communication between said 
intake and the source, the second to open 
and close communication between the intake 
and the intercooler to which said stage de 
livers, means controlled by receiver pressure 
and operative when the same rises to a pre 
determined value to close the first valve, and 
means dependent upon the closing of the 
first valve whereby the second valve is 
opened. 

8. An unloader connected with the intake 
of a stage of a multi-stage air or gas com 
pressor and comprising two valves, the first 
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of said valves constructed and arranged to 
open and close communication between said 
intake and the source, the second to open 
and close communication between the intake 
and the intercooler to which said stage de 
livers, pistons connected with said valves, 

O 

and fluid pressure connections whereby said . 
pistons are operated when the receiver pres 
sure rises to a predetermined value to close 
the first valve, thereby shutting off the in 
take from the source, and to open the second 
valve, thereby connecting the intake with 
the said intercooler. 9. An unloader connected with the intake 
of a stage of a multi-stage air or gas com 
pressor and comprising two valves, the first 
of said valves constructed and arranged to 
open and close communication between said 
intake and the source, the second to open and 
close communication between the intake and 
the intercooler to which said stage delivers, 
pistons connected with said valves, fluid 
pressure connections whereby said pistons. 
are operated when the receiver pressure rises 
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to a predetermined value to close the first 
valve, thereby shutting off the intake from 
the source, and to open the second valve, 
thereby connecting the intake with the said . 

5 intercooler, and further connections where: 
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by the first valve is again opened, the second 
valve remaining open, when the compressed 
fluid in the intercooler has been sufficiently exhausted. 

10. An unloader connected with the in 
take of a stage of a multi-stage air or gas 
compressor and comprising two valves, the 
first of said valves constructed and arranged 
to open and close communication between 
the intake and the source, the second to open 
and close communication between the intake 
and the intercooler to which said stage de 
livers, pistons connected with said valves, 
fluid pressure connections whereby said pis 
tons are operated when the receiver pres 
sure rises to a predetermined value to close 
the first valve, thereby shutting off the in 
take from the source, and to open the second 
valve, thereby connecting the intake with 
the intercooler, whereby at this time the next 
higher stage of the compressor exhausts the 
compressed fluid trapped in the intercooler 
and the lower stage operates idly, taking 
fluid from and returning it to the inter 
cooler, further connections whereby the first valve is again opened, the second valve re 
maining open, when the compressed fluid in 
the intercooler has been sufficiently ex 
hausted, so that thereafter the higher stage 
of the compressor receives fluid at the pres 
sure of the source while the lower stage is 
cooled by the circulation of fluid there 
through, the first mentioned connections 
causing the second valve again to close, the 
first valve remaining open, when the receiver 
pressure falls below a critical value, thereby 
restoring the normal condition. 

11. An unloader connected with the intak 
of a multi-stage air or gas compressor and 
comprising two valves, the first of said 
valves constructed and arranged to open 
and close communication between the intake 
and the source, the second to open and close 
communication between the intake and the 
intercooler to which said stage delivers, fluid 
pressure means for operating said valves, 
and means for controlling the operation of 
the same, including connections with a 
source of pressure at the delivery side of the 
compressor whereby the first valve is closed 
and the second thereupon opened when such 
pressure rises to a predetermined value, con 
nections with the intercooler of the com 
pressor whereby the first valve is opened, the 
second remaining open, when compressed 
fluid trapped in the intercooler has been suf 
ficiently exhausted, means whereby the sec 
ond valve is again closed, the first remaining 
open, when the receiver pressure falls below 

65 a critical value, and means whereby the sec 
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ond valve is closed and the first thereupon 
opened in event of the pressure at the deliv 
ery side falling to the critical value befores, 
the compressed fluid trapped in the inter 
cooler has been exhausted. 

12. An unloader connected with the intake 
of a stage of a multi-stage compressor and 
comprising two main valves, the first adapt 
ed to open and close communication between 
said intake and the source, and the second to 
open and close communication between the 
intake and the intercooler to which said 
stage delivers, fluid pressure cylinders and 
pistons for the operation of said valves, and 
two pilot valves controlling the operation of 
Said pistons, one of said pilot valves being 
operated by receiver pressure and the other 
by intercooler pressure. 

13. An unloader connected with the intake 
of a stage of a multi-stage compressor and 
comprising two main valves, the first adapt 
ed to open and close communication between 
said intake and the source, and the second to 
open and close communication between the 
intake and the intercooler to which said 
stage delivers, fluid pressure cylinders and 
pistons for the operation of said valves, a 
pilot valve and a line whereby the same is 
controlled by receiver pressure to admit fluid 
to the fluid pressure cylinder of the first 
main valve, a connection between the said 
cylinder and the fluid pressure cylinder of 
the Second main valve, and a second pilot 
valve and a line whereby the same is con 
trolled by intercooler pressure, the said sec ond pilot valve being interposed in the pas 
sage between the first pilot valve and the 
fluid pressure cylinder of the first main 
valve. 

14. An unloader connected with the in 
take of a stage of a multi-stage compressor 
and comprising two main valves, the first 
adapted to open and close communication 
between said intake and the source, and the 
second to open and close communication be 
tween the intake and the intercooler to: 
which said stage delivers, fluid pressure cyl 
inders and pistons for the operation of said 
valves, a pilot valve and a line whereby the 
Same is controlled by receiver pressure to 
admit fluid to the fluid pressure cylinder of 
the first main valve, a connection between the said cylinder and the fluid pressure cyl 
inder of the Second main valve, and a second 
pilot valve and a line whereby the same is 
controlled by intercooler pressure, the said 
second pilot valve being interposed in the 
passage between the first pilot valve and the 
fluid pressure cylinder of the first main 
valve and having means for connecting said 
cylinder with an exhaust, there being a 
check-valve in the connection between the 
two fluid pressure cyliders containing said 
pistons to prevent exhaustion of the second cylinder by the first. 
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i5. An unloader connected with the in 
take of a stage of a multi-stage compressor 
2nd comprising two main valves, the first 
adapted to open and close communication 
between said intake and the source, and the 
Second to open and close communication be 
£ween the intake and the intercooler to which 
Said stage delivers, fluid pressure cylinders 
&id pistons for the operation of said valves, 
Szid ?uid pressure cylinders being connected 
ii. Series by a passage having a check-vaive 
thereii. 8, pilot waive controlled by receiver 
pressure for controlling the admission of 
fiti pressure to the fluid pressure cylinder 
of the first main valve, a second pilot, valve 
controlled by intercopler pressure, the said 
second pilot valve being interposed in the 
connection between the first pilot valve and 
the fluid pressure cylinder of the first, main 
Yave, and being adapted upon decrease in 
intercooler pressure to interrupt said con 
re:tion and to exhaust the said fluid pres 
Sure cylinder, and a further connection be 
tween the first pilot valve and the fluid 
pressure cylinder of the second main valve 
whereby to hold the piston in this cylinder 
in actuated position after the return of the 
other piston and to exhaust the said cylin 
der when the 'eceiver pressure falls below 
the critical value. 

iG. An unloader connected with the in 
aike of a stage of a multi-stage compressor 
33d contaprising two main valves, the first 
adapted to open and close communication 

ween said intake and the source, and the 
Ond for open and close communication be 

i. t 

yi.ich said stage delivers, fiuid pressure cyl 
iadei's and pistons for the operation of said 
waives, said fluid pressure cylinders being 
connected in series, a pilot valve in a valve 
chainber connected with a receiver line, the 
said valve having a hollow interior open to 
regaiver pressure and a transverse port con 
municating with its interior, a passage with 
which said transverse port communicates 
when the said valve is actuated, said passage 
leading to the fiuid pressure cylinder of the 
Éirst main valve, a second pilot valve in a 
valve chamber connected with an intercooler 
line, said second pilot valve having a circum 
ferentiai channel forming part of the last 
mentioned passage and having also a hollow 
interior and a transverse exhaust port 
adapted to exhaust the fluid pressure cylin 
der of the first main valve when the inter 
cooler pressure has been reduced to a pre 
determined value. 

17. An in loader designed for connection. 
with the intake of a stage of a multi-stage 
air or gas compressor, comprising a casing 
having walls therein forming a chamber 
said intake and a chambee having means 2, 

of connection with the intercooler & which 

opera to the source, a chamber oper to the 

it? 

said stage delivers, a valve constructed and 
arranged to open and close communication 
between the Source and intake chambers, a 
second valve constructed and arranged to 
open and close communication between the 
intake and intercooler chambers, and means 
Operating said valves, substantially as de 
scribed. 

18. An unloader designed for connection 
With the intake of a stage of a multi-stage 
air or gas compressor comprising a plurality 
of main valves adapted to open and close 
coin munication between said intake and the 
Source, and between the intake and the inter 
cooler to which said stage delivers, fluid 
pressure cylinders and pistons for the op 
eration of Said valves, and a plurality of 
pilot valves responsive to pressures in dif 
ferent parts of the compressor system and 
controlling the flow of motive fluid in re 

, Spect to said cylinders. 
19. The combination with a multi-stage 

air or gas compressor, of an unloader con 
nected with the intake thereof and compris 
ing main valves adapted to open and close 
comimunication between the intake and the 
Source and between the intake and the in 
tercooler, respectively, motors for operating 
Said valves, and pilot valves exposed to re 
ceiver and intercooler pressures, respec 
tively, and controlling the operation of said 
motors, substantially as described. 

20. An unloader connected with the in 
take of a stage of a multi-stage compressor 
and comprising two main valves adapted to 
open and close communication between said 
intake and the source and between the in 
take and the intercooler to which said stage 
delivers, respectively, fluid pressure cylin 
ders, pistons and passages for operating said 
valves, a pilot valve responsive to receiver 
pressure controlling passages of both cylin 
del's, and another pilot, valve controlling pas 
Sages of one of the cylinders and responsive 
to intercooler pressure. 

21. An unloader for connection with the 
intake of a multi-stage air compressor, the 
same comprising a casing formed at oppo 
site sides with an inlet from the source and 
an outlet to the intake, and being further 
provided with an intercooler connection at 
right angles to said inlet and outlet, walls in 
said casing dividing the same into three 
chambers open, respectively, to said inlet, 
outlet and intercooler connection, and two 
double-seat valves in said casing coöperating 
with seats in said walls to control communi 
cation between the chambers. 

22. An unloader for connection with the 
intake of a multi-stage air compressor, the 
same comprising a casing having an inlet 
connection, an outlet connection to the intake 
of the compressor, and an intercooler con 
nection, and being divided internally into 
three chambers open to the three connec 
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tions, and two valves in Said casing control 
ling communication between the three cham 
bers. - 

23. An unloader for multi-stage compres 
5 sors, comprising a body having inter 

changeable top and bottom heads, three ex 
ternal connections and Walls dividing its in 
terior into three corresponding chambers 
communicating with each other by openings 

10 for double seat valves, valve seat bushings 

reversibly mounted in said openings, and 
valves coöperative with said seats. 

24. An unloader for multi-stage compres 
sors, comprising a reversible body having 
internal walls formed with openings for a 15 
double-seat valve, a valve seat bushing re 
versibly mounted in said openings, and a 
valve coöperating with said bushing. 

LAWRENCE A. GRAY. 


