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Patented Dec. 28, 1926. 

UNITED STATES 
CHESTER. W. METZGAR, OF EASTON, PENNSYLVANIA, ASSIGNOR TO INGERSOLL-RAND 

1,612,639 
PATENT OFFICE. 

COMPANY, OF JERSEY CITY, NEW JERSEY, A CORPORATION OF NEW JERSEY. 

COMPRESSOR-INTERCOOLER REGULATOR. 
Application filed July 15, 1926. Serial No. 122,675. 

This invention relates to compressor regu- ratus has been fully described and shown 55 
lators, but more particularly to regulators 
controlling intercooler pressure and thereby 
causing unloading and loading of a cylin 
der. 
The invention may be applied to multi cylinder compressors, but especially to com 

pound compressors, and the objects of the in 
vention are to enable the high pressure cyl 
inder to be completely unloaded when the in 
tercooler is unloaded, as for instance in case 
the electric powerfor the motor fails. When the power is again restored, the apparatus 
is so constructed and connected that the high 
pressure cylinder will again be loaded when 
the pressure has been built up in the inter 
cooler. The unloading and loading of the 
high pressure cylinder or the cylinder be 
yond the intercooler, thus follows automati cally the unloading and loading of the inter 
cooler. 
The invention is shown applied to a com 
ound compressor in connection with a step 
y-step unloading system, like that disclosed 

in my copending application, Serial No. 
66,492, filed November 3, 1925, for compres 
sor regulator and unloader, although all the 
details of that application need not be shown 
here. 
The invention is illustrated in one of its 

preferred forms in the accompanying draw 
ings, in which Figure 1 is a diagrammatic view partly 
in vertical section, showing the regulator; 

Figure 2 is an enlarged detail longitudi 
nal sectional elevation taken through the 
main regulator and the unloading valve for 
the intercooler. In this view the intercooler 
unloading valve has been turned into a ver 
tical position and located adjacent the main 
regulator for purposes of illustration, and the 
pipe connecting the regulator and unload 
ing valve is shown broken to indicate that 
these two types of mechanism are more 
widely separated in Figure 1; and 

Figure 3 is an enlarged detail sectional 
elevation of the cylinder relief valves or un 
loading mechanism taken on the line 3-3 
of Figure 1 looking in the direction of the 

OWS n 

Referring to the drawings, only so much 
of the apparatus will be described in detail 
as relates to the present invention, it being 
understood that the remainder of the appa 

in copending application, Serial No. 66,492. 
Referring to the drawings, the installation 

shown diagrammatically in Figure 1, for 
purposes of illustration, comprises the com 
pressor having the low and high pressure 
cylinders A and B, the intercooler Cand the 

00 

discharge tank or receiver D connected to 
the discharge of the high pressure cylinder 
B by the usual pipe E. The intake for the 
low pressure cylinder is indicated at F and 
the compressor is shown driven by an elec 
tric motor G supplied with current from the 
mains K and leads L carried by the main 
Switch board O on which the compressor 
switch P is mounted. 
A voltmeter. W. is preferably included in the circuits for indicating purposes and a sec 

ond power unit, as for instance a mine hoist, may operate in conjunction with the com 
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pressor if desired, as shown in said former 75 application, although this second power unit 
is omitted in the present instance. The compressor is provided with a pres 
Sure responsive regulator and unloader X 
actuated in this instance by receiver pressure from the pipe H connecting the receiver D 
to the point J on the regulator casing and 
communicating with the diaphragm cham 
ber Q having a diaphragm (not shown) op 
eratively connected to actuate the weighted 
ever R in accordance with variations in the 
receiver pressure. The regulator X is constructed similarly to and operates like the compressor regula. 
tor disclosed in Patent No. 1430,578 granted 
to me October 3, 1922, with the exception, 
that in accordance with the present inven. 
tion, a sixth step has been added to the regu lator effected by the main operating valve 
in the auxiliary casing Y which causes the 
actuation of the intercooler unloader valve S in the casing T shown connected to the bot 
tom portion U of the intercooler C. This 
sixth step is also indicated in the aforesaid 
pending application, but in that case, by 
pass connections are controlled between the 
ends of the cylinders A and B. In the pres 
ent instance, the intercooler unloader valve 
S opens the intercooler to atmosphere 
through the atmospheric port W and when 
this has gang, cylinder relief valves 
shown as ball valves a in the relief valve 
casing b mounted adjacent the high pressure 
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side B are operated to vent or unload the high pressure cylinder. The apparatus 
of the present invention is so constructed 
that in case the electric power for the motor 
G. fails, the cylinders are unloaded by means 
of clearance chambers and the intercooler is 
also automatically unloaded, which in turn 
causes complete automatic unloading of the 
high pressure cylinder through the operation 
of the relief valves a. When electric power 
is restored, the clearance chambers load the 
cylinders and the intercooler unloading 
valve is automatically closed so that as soon 
as pressure builds up in the intercooler, the 
cylinder relief valves are automatically 
closed and the cylinder is fully loaded again. 
In this instance the unloading systein in 

general is like that indicated in my former 
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patent in which the cylinders A and B are 
provided with clearance valves a controlling 
clearance chambers (not shown), and the 
valves c are adapted to be connected by pipes 
1, 2, 3 and 4 with correspondingly numbered 
pipes 1, 2, 3 and 4 on the regulator X. The 
auxiliary casing Y for the sixth or inter 
cooler ste 
pipe 5 to the casing T of the intercooler un 
loader valve S, and pressure fluid from the 
receiver is led to the regulator X and the 
auxiliary casing Y by the pipe 36 connected 
to the receiver pipe H. All the cylinder un 
loader valves c are adapted to be held closed 
by receiver pressure in the usual manner, 
and they open when receiver pressure is re 
leased from the valves successively. The in 
tercooler valve S is held closed by the spring 
d and is opened by receiver pressure sup 
plied behind the pistone from the pipe con 
nection 5, as controlled by the mechanism in 
the auxiliary casing Y, shown in detail in 
Figure 2 
The auxiliary automatic device Z and its 

cooperating parts, shown diagrammatically 
at the upper left hand corner of Figure. 1, 
for controlling the main regulator from the 
switch board, is like that disclosed in my 
aforesaid application, and is there described 
in detail so that only its principal features 
need here be described. The switch p on 
the switch board is connected by the leads r 
to the solenoid q, which in turn is adapted to 
control pressure fluid mechanism in the cas 
ing Z, for actuating the plunger rod u hav 
ing a tip w bearing under the lever R. 

Pressure fluid is adapted to be supplied 
from the receiver D to the casing Z by means 
of the pipe a shown broken away, and the 
casing has a vent to atmosphere at gy and 
means are provided controlled by the sole 
noid q for controlling the admission and ex 
haust of pressure fluid to the casing Z, for 
actuating the plunger u and thus raising and 
lowering the lever R to a greater or less ex 
tent for partially or completely lig the compressor at any desired time, regard 

of unloading is connected by 
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less of the automatic control of the regula 
tor. Operative connections are provided be. 
tween the armature 2 of the solenoid g and 
inlet and release valves 6 and 7 are indicated 
below the lower head 8 of the casing Z. A 
pivoted lever 25 carrying the stops 24 is 
connected to be actuated by the solenoid core 
2 and alternately open and close the inlet 
and release valves 6 and 7 as the lever is 
rocked on its pivot all as shown in the afore 

70 

75 
said application. By closing the switch p 
and energizing the solenoid , the armature 
2 is raised, thus closing the admission valve 
6 and opening the release valve 7, which 
lowers the plunger rod u and permits the le 
ver R to be loaded and function automati 
cally as usual. By opening the switch p and 
deenergizing the solenoid of the action of the 
valves 6 and is reversed and the plunger 
l'od u is raised to raise the lever R and un 
load the compressor. 
In order to indicate to the switch board 

tender that the auxiliary device Z has caused 
the unloading of the compressor, a signal 
light 10 on the switch board is connected by 
the connections 11 to a switch 12 mounted adjacent the auxiliary device Z and adapted 
to be actuated by a member 14 to close and 
open the switch as the plunger rod u moves upwardly and downwardly. 

S) 
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05 
The construction and operation of the 

finain regulator X with the exception of the 
additional main operating valve in the cas 
ing Y is fully described and shown in my 
aforesaid Patent No. 1430,578 so that this 
regulator will be but briefly described, ref 
erence being had to said patent for further 
details. The auxiliary or pilot valve 30 of 
the regulator X is connected at the point 31 
to the weighted lever R and is provided with 
the heads 32 and 33 operating in the valve 
chamber 34. The space between the heads 
82 and 33 is constantly subjected to receiver 
pressure through the ports 35 communicat 
ing with the pipe 36, subject to receiver 
pressure. Main operating valves 37 of 
which there are four, are provided with the 
heads 38 and 39, and control the pipes 1, 2, 
3 and 4 leading to the cylinder clearance 
valves c. The fifth main operating valve 37 
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is contained in the valve casing Y and con- . 
trols the pipe 5 leading to the casing T of 
the intercooler unloader valve S. The main 
regulator X is provided with the atmospher 
ic vent 40 and the auxiliary casing Y of the 
regulator is provided with the atmospheric 
vent 41. The shoes 42 of the main oper 
ating valves 37 control the ports 43 and 44. 
The spaces 45 between the valve heads 38 
and 39 are constantly open to receiver pres 
sure through the passages 46, and ports 1, 
2, 3 and 4, controlled by the head 32 of 
the auxiliary valve 30, and alternately sup 
ply pressure to and release pressure from the 
heads 39 of the main valves 37, while ports 3. 
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1, 2',3' and 4 function in the same manner 
for the heads 38 of the valves 37. The pas 
sage 47 is open to atmosphere and communi cates through appropriate ports and pas 
sages with the EP faces of the valve heads 
38. Six, the shoes 42 of the valves and down, pressure is successive 

from the valve spaces 45 to the 
ipes 1, 2, 3 and 4 leading to the pairs of A. 
E. clearance valves a for holding the 
clearance valves closed and for successivel 
releasing the pressure in said pipes throug 
the ports 43 and 44 and the atmospheric vent 
47. The valve 37 in the auxiliary valve cas 
ing Y which controls the intercooler clear 
ance valve operates in the same manner and is provided with auxiliary passages 48 and 

37 move u 
ly supplie 

49 leading to the ports 50 and 51 respective 
ly which are also controlled by the valve heads 32 and 33 of the auxiliary valve 30. 
The valve 37 in the casing Y alternately sup 

lowermost positions as indicated in Figure 
2 and the cylinder clearance valves, c will le 
vented to atmosphere through their respec 
tive pipes 1, 2, 3 and 4 so that the clearance 
chambers will all be open and at the same 
time the main valve 37 in the auxiliary cas ing Y will supply pressure fluid from the 
receiver from E. pipe 36 to the pipe con: 
nection 5 which will actuate the pistone of 
the intercooler unloading valve S and open 
said valve to unload the intercooler. The 
drop in pressure in the intercooler will re 
lease the spring pressed plungers o of the 
relief valves or unloader valves a of the high 
pressure cylinder which will accordingly 
open as shown in Figure 3 and vent both 
ends of the high pressure cylinder to atmos 
phere, thus completely unloading the high 
pressure cylinder. To reverse the operation, 
the magnetic controller switch p is again 
closed so that the compressor cylinders will 

plies and releases pressure in the pipe is for beloaded, the intercooler unloader valve. S 
controlling the opening and closing of the 
intercooler unloading valye S. The cylinder relief valve casings b con 
taining the unloading yalves a are connected 
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to the ends of the high pressure cylinder B 
by the connections ; communicating with 
the caps g which contain the valve seats h 
for seating the ball valves a. The casings b 
le provided with the atmospheric vents iso 
that when the valves are unseated as shown 
in Figure 3, both ends of the cylinder are 
vented to atmosphere and completely un 
loaded. - Pins k under the ball valves a bear in 
plungers o in the casings, b and retracting 
springs return the plungers to the posi 
tions indicated in Figure 3 after they have 
been raised or forced forwardly by fluid 
pressure supplied through the pipe t and 
branches v, which pipe t is connected at the 
point 20 to the pipe connection 21 which con 
nects the intercooler C with the high pres 
sure cylinder B. The pressure in the high 
pressure cylinder normally maintains the 
ball valves a against their seats h, but when the pressure in the intercooler is reduced to atmospheric pressure or approximately 
that, the pressure in the pipe t leading to the 
relief valve casings is released and the ball 
valves a are allowed to open for completely 
unloading the high pressure cylinder. 
In the operation of the apparatus, let it 

be assumed that the operator or switch board 
tender desires for some sufficient reason to 
unload the compressor completely. He will 
in that case throw the magnetic controller 
switch p to open position and thus deener 
gize the solenoid 7 which will in turn cause 
the plunger rod u to be moved upwardly or 
outwardly under the regulator lever R and 
cause the pilot valve 30 to be raised to its 
highest position. All the main valves 37 in 
the main regulator will then assume their 

will be closed and as soon as pressure builds 
up in the intercooler, the cylinder relief 
valves a will be closed, thus fully loading the high pressure cylinder. In ordinary 
running position, the switch p is maintained 
closed and in that case, if the current for 
the driving motor G should fail the sole 
noid q will be deenergized, which will auto 
matically unload the compressor as de 
scribed, and when current is restored the 
compressor will be automatically loaded, so 
that the apparatus is automatic or may be 
controlled manually as desired. 
I claim: 
1. In a compressor, the combination of 

cylinders and an intercooler, means for un 
loading the intercooler, and means for auto matically unloading the cylinder beyond the 
intercooler when the intercooler is unloaded. 2. In a multi-cylinder compressor, the 
combination of the cylinders and intercooler. 
means for unloading the intercooler, means 
for unloading the cylinder beyond the in 
tercooler, and connections for automatically 
causing operation of the cylinder unloading 
means when the intercooler is unloaded. 

8. In a compound compressor, the combi 
nation of high and low pressure cylinders, an 
intercooler, an unloading valve for the inter 
cooler, relief valves for both ends of the high 
pressure cylinder, and means for automati 
cally actuating the said relief valves to un 
load the high pressure cylinder when the 
intercooler is unloaded. 

4. In a compressor, the combination of 
cylinders and an intercooler, means for un 
loading and loading the intercooler, and 
means for automatically unloading and load 
ing the cylinder beyond the intercooler in 
accordance with unloading and loading of 
the intercooler. . 5. In a multi-cylinder compressor, the 
combination of the cylinders and intercooler, 
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4. 
e3S for unloading the intercooler, means 

for unloading the cylinder beyond the in 
tercooler, and connections for automatically causing loading and unloading operation of 

5 the cylinder unloading means in accordance 
with the loading and unloading of the inter 
cooler. 

6. In a compound compressor, the combina 
tion of high and low pressure cylinders, an . 
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intercooler, an unloading valve for the inter- 10 
cooler, relief valves for both ends of the high 
pressure cylinder, and means for automati 
cally actuating said relief valves to load and 
unload the high pressure cylinder when the 
intercooler is loaded and unloaded. 
In testimony whereof I have signed this specification. 

s CHESTER W. METZGAR. 
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