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To all whom « may concern: |
‘Be it known that I, Ruporrrn CONRADER;
a citizen of the United States; residing at
Erie, in the county of Krie and State of

Pennsylvania, have invented new and usetul

. Improvemets in Controlling Devices for
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Two-Stage Compressors, .of which the fol-

Jowing is a specification. o
This invention relates to cortrolling de-
vices for two stage compressors, and consists

in certain improvements in the construction

thereof as will be hereinafter fully described
and pointed out in the claims.

The main obiect of the invention 1s to

prevent the development of an excess of

" heat at the discharge of the high pressure

- ¢ylinder. "It has been found that in two
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stage compressors or compressors having a
plurality of cylinders in which the relieving
device 1s arranged on the intake of the low
pressure cylinder, that under certdin condi-

tions, practically the same amount of heat |

‘is developed at the discharge of the high
pressure cylinder as would be developed 1n
effecting the compression with a single stage
compressor. Inasmuch as compressors are

often used in mines and other places where
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such excessive heat is likely to cause explo-
sions, the prevention of this becomes ot great
importance for such compressors.
The invention is 1llustrated.in the accom-
-panying drawings as follows: Figure 1
shows a cross section of a two stage com-
pressor, with my devices thereon. Fig. 2
shows a detail view of the frame of the re-

lief device for the low pressure cylinder.

Fig. 3 1s an enlarged view of the actuated
mechanism for the regulator of -the high
pressure cylinder. Fig. 4 shows a side ele-
vation of the frame of said regulating de-
vice. . o |
A marks the lower pressure cylinder, B the
high pressure cylinder, a the intake of the
low pressure cylinder, & the intake of the
high pressure cylinder, ¢’ the discharge of
- the low pressure cylinder and &’ the dis-
charge of the high pressure eylinder. The
low pressure cylinder discharges into an in-
termediate cooler . This cooler comprises

the shell ¢, the partition plate ¢ arranged

on this shell, the connecting tubes ¢? extend-
ing from one plate to the other, the heads ¢°
secured on the partition plates forming the
chamber ¢%, and the inlet ¢* and outlet ¢°.
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| pressed by the low pressure cylinder. Of
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¢ to the outlet chamber c®, a‘,n'gl‘ thro_u'gh the .
“discharge tubes ¢®, The air is cooled by

contact with the tubes ¢*. -

- Ordinarily the cylinders A and B are so
proportioned that operating normally the
high pressure cylinder will discharge ex-
“actly the same amount of air as 1s com-

course, the volume under the higher com-
pression 1s less. | |

(I prefer to provide the low pressure cyl-
inder with a relieving device similar to that.

shown by me in Patent No. 775,393 dated
November 22, 1904. This relieving device
D has the valve chamber d, in which there

is the partition d’. The valve d* is of the

throttling type, having the closure disks
d* d*, and connecting web d°, a stem d° ex-

| tending from this'valve and connected with'

a piston D’. The piston is arranged In a
cyvlinder. D2 The cylinder is carried by a

chamber d. The upper end of the cylinder
communicates with an air chamber ¢ and a
passage «° connecting this chamber with a
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fhame D° secured to the walls of the valve
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cylinder D*. The needle valve d® controls -

this passage.. The needle valve &® 1s car-
ried by the piston D?, the
ranged in the cylinder D* A stem d*° ex-

of the bell erank lever d*.'! The other arm

tends from the piston and engages the arm

piston being ar-
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d* of the bell crank lever has the weight
e adjustably arranged upon 1it. A spring

d** is secured to the cylinder D* and to the
bell erank lever by means of eye bolt ¢** and
adjusting nut ¢**. By means of the ad-

| justing nut and the adjustable weight any

i, vl

pressure desired may be put upon the piston
1)3, so that the piston can be made
ate at any desired minimum pressure.
minute vent @' leads from air chamber .
With the initial opening of the passage d°
by the valve ¢*, this vent permits a certain
amount of air to escape. Tle size of the
passage d° relatively to this vent 1s such,
‘however, that when the valve 1s fully open.
practically receiver pressure is maintained
1n the chamber 47, so that the change of

pressure in the chamber d* and cylinder D*

is very much in excess of the. change of

pressure in the receiver. In other words,

the change of pressure in the receiver 1s
intensified in this device so that very close

5 The cooling medium is admitted at ¢*, pass- |

regulation may be maintained. ~This mech-
anism 1s not new 1n this instance, as 1t was

ing from the chamber ¢* through the tube | shown in my former patent. A cross head

to oper-:
A
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the amount of

“device
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«*" 1s attached to the stem ¢ and
are tensioned between said
the arm ' and the end of the cylinder.
These tend to open the valve ¢ and to main.
tain it
pressure exceeds the desired minimum. The
valve is then moved so as to reduce the
amount of air permitted to enter through
the intake, and . the pressure continies the

Increase eventually entirely closes it. 1 pra- |
fer, however, that this valve act as a regd:

ulator, that 1s, that it does not-go entirely
from a closed to an open position, but its
movement 1s graduated to open 1o supply

tully -set forth in my former patent.
It will be observed that if the relief de-
vice D is actuated with no other controlling
for the entire compressor, that the
low pressure cylinder A will discharge a less
amount of air than will be pumped by the
high pressure cylinder, so that the pressure
1n the intermediate cooler C will gradually
decrease, Kventually, if the supply drawn
from the receiver happens to be such as to
actuate the relief device D to pump only a
very small amount of air, then the pressure
of the air at the intake of the high pressure
cvlinder will be simply atmospheric pres-
sure. Indeed the conditions may be such as
to make it less than this, buat still deliver
some air. The result of this is that the high

- pressure cylinder alone boosts the pressure
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.1s arranged in the
~ closure disks e° ¢?,
45 ¢® as usual in the balanced throttling type |
this

-the spring et2,

a1 back of the piston.

from that of the atmosphere, or less than
atmospheric pressure, to the full receiver
pressure, and this creates the dangerous
amount of heat heretofore referred to. To
}I))revent this, I provide the regulating device
L. It comprises the valve chamber e, 1n
which is arranged the diaphragm e¢’. The
pipe b2 connects the cooler C with the cham-
ber. The valve ¢* of the throttling type
partition. It has the
and the connecting webs

-
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of the valve. A stem ¢° extends from

valve and is connected with 1 piston E’.

This dpiston operates in a cylinder E?, the |

cylinder being carried by a frame K3 mount-
ed on the valve chamber. - The cylinder E:2
1s connected with an air chamber &7 and this

air chamber is connected by a passage '
The valve g1® controls
It is carried by the piston e'l..

with a cylinder B4
this passage.

The piston is subjected to the pressure of
: The pressure of the spring
may be adjusted by the nut ¢1%. ‘A passage
¢’* through the nut prevents the trapping of
The cylinder Et ig
connected by a pipé H® with the ipe 6%, and
consequently with the cooler (P The air
chamber ¢’ is provided with a vent f to
permit the escape of the air from the cvlin-
der 2. Springs Ef are tensioner! between the
cross heads ¢* and the arm ' gy the cylin-

I an open position until the receiver

alr required, as was more

to the cylinder I* with

‘which is connected

| minimuin predsure
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springs | der 2. Tn this device, the spring tends to
cross head and | or closes the valve while the s pressure

operatime on the piston 1’ tends to or opens
the valve. In this construction. I prefey that
the valve ¢! be so constructed and the vent
¢® be so proportioned to the passage ¢’ that
practically full cooler pressure is delivered
the mitial opening
of the valve (o, Wheréthe parts a. 3 <o -
anged, the™vent simply acts as a leal: to <.
pose of the air in the cylinder. = W hen the
cooler pressure is normal, it is sufficient to,
actuate the piston ¢ to open the valve ¢

and to maintain the valve in this position.
The air acting on the piston B, with these:
conditions, therefore, maintains the valve ¢
1N an open position. Under these eonditions,

the high pressure cvlinder stmply boosts the
pressure from the normal cooler pressure
to" the receiver pressure. Ordinarily the
cooler pressure is mid-wav bhetween atmos-

‘pheriec pressureand receiver pressure, and

under. these conditions, the excessive heat is

‘avorded. Wheu, however, the supply taken

-

from the receiver is so small as Lo remqmnre
but a small part of the capacity of the
pump. the relief device D acting upon the
low pressure cylinder, so reduces the anount

“discharged by this cylinder to the cooler,

L

that the cooler pressure falls. The reg-

lating device I may be so adjusted by means

of the screw.¢'® that when the cooler pres-
sure - reaches a dangerocus pre-determined
minimum, it will overcome the air pressure
acting upon the piston e, and will close
the valve ¢°. The vent ¢* will allow the
leakage of trapped air from the cylinder Io:
and the spring E? will entirely close the
valve ¢*. The high pressure cylinder will
then immediately discharge itself, with the
exception of the clearance, and will eontinue
to operate in a partial vacuum and will
cease. to discharge air, so that no Turther
heat will be developed. When the ajr pres-
sure 1n the cooler has been raised above the
pre-determined minimum, thig pressure acls
upon the piston ¢ opening the valve ¢ and
operates as before. deseribed, opening the
valve -¢*, and air of the normal cooler
pressure 1s again admitted to the high pres-
sure cylinder. In the drawings, the pipe (3
' with the discharge 7,
may be considered as the recelver, and the
pipe I connects the receiver with the cylin-
der D* of the relief device D. |
What T claim as new is: | |
1. In a controlling device for two stage
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compressors, the combination of the low and

high pressure cylinders; an

intervening
cooler; a relief device

for the low pressure

cylinder -acting independently of the cooler.

and actnated by the pumped fluid: and a
regulating device controlling the action of
the high pressure cylinder to maintain g
! i the cooler. B
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2. In controlling devices for two stage |

compressors the combination with the low

and high pressure cylinders; of a regulating

device for the high pressure cylinder, con-
trolled by pressure between the cylinders,

and. controlling the volume of fluid dis-

charged by said high pressure cylinder; and
a relief device for the low pressure cylinder,
controlled by the pressure of the pumped
fluid and acting upon the intake of said low

- pressure cylinder.

3. In controlling devices for two stage
compressors the combination with the low

F

and high pressure cylinders; of a regulating

device for the high pressure cylinder con-

trolled by the pressure between the cylinders,
and controlling the volume of fluid dis-
charged by said high pressure cylinder to

- control the action of the high pressure cylin-
,der to decrease the discharge therefrom

when the pressure between the cylinders
reaches: a pre-determined minimum; and a

relief device for the low pressure cylinder

controlled by the pressure of the pumped
fluld and acting upon the intake of said low
pressure cylinder.

4. In controlling devices for two stage
compressors the combination with the low

and high pressure cylinders; of a regulating

device for the high pressure cylinder, con-
trolled by pressure between the cylinders,

and controlling the volume of fluid dis-

charged by said high pressure cylinder, said

regulating device being arranged to act on
the intake of said high pressure cylinder; |
and a reiref”device for the low pressure cyl-

inder controlled. by the pressure of the
pumped fluid and acting upon the intake of
said low pressure cylinder. - - | :

5. In controlling devices for two stage |

compressors the combination with the low

J
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the cooler.

S
and high pressure cylinders; of a regulating
device for. the high pressure cylinder, con-
trolled by pressure between the cylinders,
and controlling the volume of fluid dis-

charged by said high pressure cylinder: and
a relief device for the low pressure cylinder

controlled by the pumped fluid and acting

on the intake of said low pressure cylinder,

said relief device being arranged to graduate

mder as the
changes. | .

6. In controlling devices for two stage
compressors the combination with-the low
and high pressure cylinders; an intermediate
cooler and a regulating device acting on the
intake of the high préssure cylinder for

pressure of the pumped fluid

maintalning pressure in the -cooler and

adapted to close abruptly when the cooler
pressure falls below a predetermined mini-

mum; and a relief device actuated by the
pumped fluid in the low pressure cylinder,

said relief device being arranged on the in-

take of said low pressure cylinder.
7. In controlling devices for two stage

| compressors the combination with the low

and high pressure cylinders; and an inter-
mediate cooler between said cylinders; of a
relief device acting on the intake of the low
pressure cylinder and actuated by  the
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the charge pumped by the low pressure cyl-
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pumped fluid; and a regulating device con-

trolling the action of the high pressure eyl- -

inder to’ maintain a minimum

pressure 1in

- In testimony whereof I have hereunto set

my hand 1n the presence of two subscribing

witnesses.
i - RUDOLPH CONRADER.
" Witnesses:
- H. €. Logrp, ,

Bessie F. PArkkr.
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