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To all whom 1t may concern.:
- Be 1t known that I, Atexanper Excranp,

a citizen of the United States, residing in
- Wilkinsburg,

in the county of Allegheny

and State of Pennsylvania, have invented
certain new and useful Improvements in
Compound Steam Pumping - Engines, of
which the following is a specification. -
This invention relates to compound steam

pumping engines of the direct acting verti-

cal type, in which the pump pistons are di-
rectly connected to the rods of the steam

pistons, particularly adapted for use in com-
- pressing air for storage reservoirs of air

brake systems, or for other purposes, and is
in the nature of an improvement on that
covered by prior U. S. patent to Westing-

house, No. 441,209, of Nov. 25, 1890. Ac-

cording to this prior construction the pis-

tons of the high pressure engine cylinder
and of the high or final compression pump

cylinder are directly connected together and
the valve mechanism of the engine is oper-
ated by the movement of said pistons, while
the low pressure engine piston is directly

connected to the piston of the initial or low

 pressure pump cylinder. With this con-

30

struction there is nothing to determine the

- length of stroke made by the low pressure
loat freely in

pistons, since these pistons
their cylinders and have no connection with
the high pressure pistons nor the engine

~valve mechanism. Consequently, during the
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period that the high pressure piston 1s mak-.

ing a full stroke the low pressure piston may
or may not make a complete stroke, accord-
ing as the air pressure and corresponding
resistance acting upon the pump piston at

pumping engine is first
little or no pressure 1 the reservoir into

which the air is being compressed, the high

pressure piston moves much more rapidly

- than 1t does after a high degree of pressure

has accumulated in the reservoir, and there-
fore makes a complete stroke, while the low
pressure piston makes only a partial stroke.
Then as the high pressure piston operates to

shift the valve mechanism at each end of its |

traverse, it follows that the low pressure

piston may make only one-half or other |

fractional part of their full stroke, thereby

~ reducing the amount of free air displaced
* by the piston of the initial compression cyl-

inder of the pump and diminishih‘g the effi-

ciency to that extent. These objections are

| overcome according to my present invention

by connecting the high pressure engine pis-
ton directly to the piston of the low or 1ni-
tial compression cylinder of the pump, and
the low pressure engine piston with the pis-
ton of the high or final compression cylin-
cer, while the valve mechanism is operated
by the movement of the high pressure steam
piston. By this means the low pressure air
piston 1s required to make a complete trav-
erse pbefore the valve mechanism is shifted at
each end of the stroke of the pump, conse-
quently the maximum displacement of free
air will occur at each stroke, thereby main-
taining the maximum efliciency of the pump
at all speeds. It has also been heretofore

Pproposed to operate the valve mechanism of

the compound pumping engine by the move-
ment of the low pressure steam piston con-
nected to the low or initial air compressing
piston, as disclosed in prior U. S. patent to

- Moore, No. 441,185, of Nov. 25, 1890, and

while such a construction insures the com-
plete traverse of the initial air compressing
piston at each stroke before the shifting of
the valve mechanism, 1t 1s subject to the ob-
jection that when the pump stops the pistons
settle to such positions that 1t will not start
automatically when the steam supply valve
1s again opened. As it is the practice to con-
trol the steam supply valve of nearly all air
compressors of this type by a pressure gov-
ernor subject to the fluid pressure of the res-
ervolr, 1t 1s essential that the pump shall
start promptly when the pressure has re-
cduced to a predetermined point at which the

final compression is high or low. When the | governor acts to open the steam valve. This

rst started, and there 1s

desired result 1s also secured by mv im-

“provement, since the valve mechanism is-op-

erated by the movement of the high pres-
sure steam piston and 1s always in position
to supply steam to the right side of said pis-
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ton to start the pump whenever the supply

valve 1s opened. -
Another object of my invention is to pro-

vide an 1mproved form of valve mechanism

100

which shall be eflicient, durable, and con-

venient of access for inspection and repairs.
In the accompanying drawings, Figure 1

105

is a vertical sectional view of a compound

steam pumping engine embodying my im-
provements; Fig. 2 a vertical section of the

F- 3
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upper portion of the engine, taken on the
line #—az of Fig. 3; Fig. 3 a horizontal sec-
tion, taken on the line y—y of Fig. 2; and
Ifigs. 4, 5 and 6 transverse sections of the
main distribution slide valve, taken on the
respective lines ¢—a, 0—0, and c—e.
According to the construction shown, the
compound pumping engine comprises a high
pressure engine cylinder 7 and a low pres-

sure engine cylinder 8 arranged vertically
side by side and over the initial compression

pump cylinder 9 and the final compression
pump cylinder 10, respectively, the high
pressure steam piston 11 being directly con-
nected by rod 12 with the low pressure air
piston 13, and the low pressure steam piston
14 being connected by rod 15 with the high
pressure alr piston 16.

~ The mitial compression pump cylinder 9
1s provided with the usual suction valves 17,
and discharge valves 18, for delivering the
alr to the final compression cylinder 10,
which 15 of smaller volume and has final dis-

 charge valves 19 for delivering the com-
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pressed air to the outlet 20 leading to a
storage reservoir. | |
- A single integral head 21 may be em-
ployed for the upper ends of both steam cyl-
inders, and preferably carries a horizontal
valve seat having ports 22 and 23 leading to
opposite ends of the high pressure engine
cylinder 7, and ports 24 and 26 leading to
the opposite ends of the low pressure engine
cylinder 8, and exhaust port 25 communi-
cating with the atmosphere.

- On the cylinder head and over the valve

- seat 1s mounted a valve casing 37, having a

40

chamber 38 communicating by passage 39
with the live steam supply, and containing
the steam actuated main distribution slide
valve 35 movable on said seat and operated

by the differential pistons 32 and 83, mov-

45

able 1n chambers at opposite ends of the
valve casing. The main valve is preferably
provided with a through port 28, exhaust
cavity 30, and ports 27, 29 and 31, com-

- municating with each other through a pas-
- sage 36 1n said valve. -

50

The inner faces of the differential piston
heads 32 and 33 are constantly subject to the
steam pressure 1n chamber 38 and the outer

~ face of the smaller piston 32 is constantly

50
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subject to the exhaust or atmospheric pres-
sure through ports 34 and 25.
- The pressure upon the outer face of the

larger piston 33, and the corresponding

movement of the main slide valve, is con-

trolled by a small auxiliary or reversing

valve 40 actuated by the movement of
high pressure steam piston 11.
Live steam is supplied to the reversing

the

- valve chamber 41 through a port 42 and the

65

reversing valve seat is provided with a port
43 leading to the extreme end of the cham-
ber of the larger piston 33, another port 44

965,573

leading nearly to the end of 'sa,id':'chambef, |

and an exhaust port 45 communicating by a
port 46 with the engine exhaust
while the reversing valve 40 'has a cavity 47.

A striking plate 49 may be secured to the

high pressure piston 11 for engaging shoul-

cders on the reversing valve rod 48 and there-

| by effect the shifting of the valve at each
~end of the stroke, as will be readily under-

stood. __

If the high pressure steam piston 11 is at
the bottom of its cylinder, as it usually is,
when the governor valve opens the supply
of live steam to the engine, the reversing
valve 1s 1 its lower position with the port
43 open, so that the steam exerts full
sure upon the outer face of piston 33, while

‘the outer face of piston 32 is open to atmos-

pheric pressure, thereby causing the main
cistribution slide valve 35 to shift to posi-
tion shown in Fig. 1. In this position live
steam flows from chamber 38 through ports
28 and 22 to the underside of piston 11, while
the cylinder above this piston is in communi-
cation with the upper end of low pressure

A

cylinder 8 through ports 23, 29, 36, 31 and

26, and port 24 is open through cavity 30

to the exhaust port 25. - o

As the high pressure steam piston moves
to the upper end of its traverse, it carries
with 1t the mitial or low pressure pump pis-
ton 12, thereby displacing a full initial cyl-
mder full of air, and compressing the same

port 25,
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pres-
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into the smaller volume of the high pressure

air cylinder 10. As the high pressure steam
piston reaches the upper end of its stroke, it
shifts the reversing valve to the position
shown in Fig. 2, closing port 43 and open-

100

g communication from the chamber on the

outer side of piston 33 through port 44,
cavity 47, and ports 45, 46 and 25 to the ex-

haust, whereupon the excess steam pressure
~upon the differential piston heads instantly

shifts the main slide valve to its opposite
position. In this position live steam 1s ad-

105
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mitted through ports 28 and 23 to the upper

end of cylinder 7, and the steam beneath the
piston 11 expands through ports 22, 27, 36,
29 and 24 into the lower end of low pressure
cylinder 8, while the upper end of cylinder
8 exhausts to the atmosphere through ports
26, 30 and 25. It will therefore be seen that
at each stroke of the high pressure steam
piston the low pressure air piston also neces-
sarily makes a complete stroke, thereby dis-
placing the large initial compression cylin-
der full of free air at each traverse and de-
veloping a constant maximum efficiency. If,

after a high pressure has accumulated in
the reservoir and the resistance or work on

the final compression piston 15 has corre-
spondingly 1ncreased, there should be any
tendency for this piston with its low pres-
sure steam piston to lag or travel slower
than the high pressure steam piston, it is
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apparent that to the same extent additional
work would be thrown upon the high pres-
sure piston, thereby maintaining a perfect
balance of the pressures and insuring a
smooth and efficient action of the pump.

Having now described my invention, what
I claim as new and desire to secure by Let-
ters Patent, 18:— _

1. In a compound pumping engine, the
combination with a high pressure engine
cylinder and piston, and a low pressure en-

- gine cylinder and piston, of an initial com-
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 pression pump cylinder and a final compres-

sion pump cylinder, the piston of the initial
compression pump cylinder being directly

connected to the high pressure engine piston.

2. In a compound pumping engine, the
combination with high and-low pressure en-
gine cylinders having pistons therein, of an

initial compression pump cylinder having a

piston directly connected to the high pres-
sure steam piston, a smaller final compres-

sion pump cylinder having a piston connect-

ed to the low pressure steam piston, and a

valve mechanism operated by the movement
- of the high pressure steam piston for effect-.

ing the admission and exhaust of steam to
and from the engine cylinders.

3. In a compound pumping engine, the

combination with a high pressure engine
cylinder and a low pressure pump cylinder

in line therewith, and a low pressure engine

cylinder and a high pressure pump-cylinder,
of a cylinder head having a valve seat with

ports leading to the opposite ends of said
engine cylinders, a steam -actuated slide
valve for controlling said ports, and means
governed by the movement of the high pres-
sure steam piston for controlling the move-

‘ment of the said slide valve,

4. In a compound pumping engine, the

' combination with high and low pressure en-

cine cylinders, of initial and final compres-
sion pump cylinders, the high pressure
steam piston being directly connected to the

piston of the initial compression pump cylin-

der, a steam actuated distribution valve for
the engine cylinders, and means governed
by the movement of the high pressure steam
piston for controlling the movement of the
said distribution valve. '
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5. In a compound pumping engine, the

combination with high and Iow pressure en-
gine cylinders, of initial and final compres-
sion pump cylinders, the high pressure steam
piston being directly connected to the piston
of the initial compression pump cylinder, a
steam actuated distribution valve for the en-
gine cylinders, and an auxiliary reversing
valve actuated by the movement of the high

D&
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pressure steam piston for controlling the

movement of the main distribution valve.
In testimony whereof I have hereunto set

my hand.
_ ALEXANDER ENGLAND.
Witnesses: '
- R. I, EmEry,
J. B. MacDoxarp.
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