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SPECIFICATION forming part of Letters Patent No. 412,474, dated October 8,1889.
Application flled May 23, 1888, Serial No, 274,774, (No model.)

To all whom it may concerw:

Beit known that I, URIAE CUMMINGS, of the
city of Buffalo, in the county of Erie and State
of New York, have invented new and useful
Tmprovements in Air-Compressors, of which
the following is a specification. -

This invention relates to that class of air-
compressors which are employed for compress-

ing air to a high pressure by a reciprocating

piston moving in a cylinder.

The objects of my invention are to produce
an air-compressor which contains compound
cylinders for the steam and air, and which
can be run at a high rate of speed toincrease
the compressing capacity of the compressor
and effect a corresponding saving of fuel; to
improve the construction of the air-valves
and their actuating mechanism, and to im-
prove the automatic regulator by which the
supply of steam to the compressor is -con-
trolled.

My invention consists to these ends of the
improvements which will be hereinafter fully
deseribed, and pointed out in the claims.

Inthe accompanying drawings, consisting of
seven sheets, Figure 1 is a side elevation of
my improved air-compressor. Iig. 21s a lon-
gitudinal sectional elevation of the same.
Fig. 3is an end elevation on an enlarged scale.
Fig. 4 is a vertical sectional elevation of one
end of the cylinders and connecting parts in
line « «, Fig. 3. Fig. 5 is a cross-Section in
line x x, Fig. 4. Fig. 6 is a side elevation of
one end of the cylinders and connectihg
parts, on an enlarged scale, showing the steam-
valves of the air-valve mechanism in section.
Fig. 7 is a longitudinal section in line y v,
Fig. 5. Fig. 8is a horizontal section in line
2 x, Fig. 6, on an enlarged scale, showing the
arrangement of the steam-ports. Fig. 9is a
cross-section in lineé y y, Fig. 4, looking out-
wardly. Fig.101s a cross-section of the regu-
lating mechanism in line y y, Fig. 2, on.an
enlarged scale. Fig. 11 is a cross-section in
line « «, Fig. 10.- Fig. 12 is a cross-section in
line 4 ¢, Fig. 10. Fig. 13 is.a top plan view
of the compressor with the steam and air
pipes removed. Fig. 14 is a vertical cross-
sectioninline ¢ x, Fig. 2,0n an enlarged scale.
Fig. 15 is a sectional elevation of a modified

construction of the automatic regulator.

Like letters of reference refer to like parts
in the several figures.

A represents the frame of the compressor,
secured at its base to a bed or foundation A’,
and having longitudinal side walls ¢ and ver-
tical end walls o/ @2 ‘

B B’ represent the high-pressure eylinders
arranged in line and secured at their inner
ends on opposite ends of the frame A to-the
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upper ends of the vertical walls a’ o respect- .

ively. .
C C’ represent the low-pressure cylinders

‘arranged in line and secured at opposite ends

of the frame A to the end walls a’ a® below
the cylinders B B’, respectively. The inner
ends of the cylinders B B’ C C’ are closed by
heads b b’ ¢ ¢/, preferably formed on the ver-
tical end walls ¢’ ¢? of the frame A.

d d’ represent heads, which close the outer
ends of the cylinders B C, respectively, and
which are preferably formed in one piece, as
shown in Figs. 3 and 5.

d? g8 vepresent heads, which close the outer
ends of the cylinders B’ C/, respectively, and
which are also preferably formed in one piece.

The high-pressure cylinder B and low-
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pressure cylinder C are arranged at one end -

of the frame A; and the high-pressure cylin-
der B’ and low-pressure cylinder C’ are ar-
ranged at the opposite end of this frame.

D D’ represent the pistons of the high-
pressure cylinders B B’, and e ¢’ represent
the piston-rods, which are respectively con-
nected with the pistons D D’, and which pass
through stuffing-boxes in the heads b b’ of
the cylinders B B’.

E E’ represent the pistons of the low-press-
ure cylinders C C’; and f f’ represent the
piston-rods, which are respectively connected
with the pistons E E/, and which pass through
stuffing-boxes in the heads c ¢’ of the eylin-
ders C ¢,

F represents a yoke arranged between the
longitudinal side pieces @ of the frame A, and
connecting the piston-rods e ¢’ of the high-
pressure cylinders B B’; and ¥’ represents
a similar yoke arranged below the yoke ¥
and connecting the piston-rods f f” of the low-
pressure cylinders C C’. The upper yoke F
is provided at one end with a cross-head G,
which is connected with the piston-rod e of
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the high-pressure cylinder B, and which moves
on guides g, secured to the main frame,while
the opposite end of the yoke F is provided
with an upwardly-projecting head ¢ to which
the piston-rod ¢/, of the high-pressure cylin-
der B’ is attached. The lower yoke F”is pro-
vided at one end with a cross-head G’,which
is arranged below the head ¢® of the upper
yoke, and to which the piston-rod f of the
low-pressure cylinder ¢’ is attached. This
cross-head G’ moves on guides ¢ The op-
posité end of the lower yoke is provided be-
low the cross-head G with an upwardly-pro-
Jjecting head ¢* to which the piston-rod of
the low-pressure cylinder C is attached. The
bodies of the yokes I' B’ consist cach of two
parallel rods f? /3 respectively, having their
ends screw-threaded and attached to the
cross-heads G G’ and heads ¢* ¢* by screw-
nuts, which permit of a nice adjustment of
the pistons in the cylinders.

I represents the main driving-shaft of the
compressor arranged transversely in the
frame A,between the high-pressure cylinders;
and II represents the fly-wheels secured to
opposite ends of the shaft..

IV represents a crank formed on the shaft
Iv centrally between the side walls of the
frame A, and connected with the cross-head G
of the upper yoke F by a rod 1.

I represents a crank-shaft arranged be-
tween the low-pressure cylinders and having
its crank I’ connected with the cross-head G’
of the lower yoke ¥’ by a rod I2

The two longitudinal rods constituting the
main portion or body of each yoke are ar-
ranged sufficiently apart laterally to enable
the crank and connecting-rod to move freely
between them, and, as both bars of the yoke
‘are arranged on the same side of the shaft
with which they are connected, the parts of the
yoke are arranged move closely together than
when the two parts of the yoke are arranged
on opposite sides of the same shaft, whereby
a more compact construction is obtained and
lighter bars can be used.

I? represents a gear-wheel secured to the
main shaft 7» Detween one of the fly-wheels H
and the frame A, and meshing with a similar
gear-wheel I secured to the lower shaft I,
and whereby motion is transmitted from the
main shaft to the lower shaft in such manner
that the pistons D D’ of the high-pressure
cylinders move in a direction opposite to that
of the pistons E E’ of the low-pressure cylin-
ders.

J represents a vertical wrist plate or disk
arranged at one end of the machine on one
side of the eylinders B C, and mounted on a
stud j, secured to the eylinders B C.

J’ represents a similar disk arranged at the
opposite end of the machine on the same side
of the cylinders B’ C’, and mounted on a stud

J', secured to these eylinders,

J? represents an eccentric secured to the
main shaft A, and J® J* represent eccentric-
rods connected at their inner ends to oppo-

412,474

site sides of the ring J% on the eccentric J?
and at their outer ends to the disks J J’, re-
spectively, whereby the latter are actuated.

K represents the main steam-supply pipe
connected with the upper end of a regulating
device K’ which will be hereinafter more
fally described; and K? K?® represent branch
steam-pipes connected at their upper ends
with the lower portion of the regulating de-
vice K’, and at their lower ends with the
valve-chambers % &’ of the high-pressure cyl-
inders. These valve-chambers are arranged
on the upper inner ends of the high-pressure
cylinders B B’ and contain induction-valves
k2R

k! & represent the induection-ports connect-
ing the valve-chambers % &’ with the upper
inner ends of the high-pressure cylinders B
B, respectively, and formed partly in the
lower portions of the valve - chambers and
partly in the inner heads of the eylinders.

I* represents a valve-chamber formed on
the end wall ¢/ of the main frame between
the high-pressure cylinder B and the low-
pressure cylinder C.

k7 is a port leading from the high-pressure
cylinder B to this valve-chamber /f, and % is
& port leading from this valve-chamber to the
low-pressure cylinder C.

I’ is a valve arranged in this valve-cham-

ber &% whereby the flow of steam from the-

high-pressure cylinder to the low-pressure
cylinder is controlled.

I® represents a similar valve-chamber ar-
ranged on the opposite end of the machine
between the high-pressure cylinder B’ and
the low-pressure cylinder C’, and provided
with similar ports k' k? and a valve k.

L represents the exhaust-chamber formed
on the lower inner end of the low-pressure
cylinder C, with which it communicates by a
port L.

U’ represents the exhaust-valve arranged in
the chamber L. :

L’ represents the exhaust-chamber formed
on the low-pressure cylinder ¢, and provided
with an exhaust-port I? and valve P

m m’ m* represent arms secured to the
stems of the valves k% &%, and I/, respectively;
and m? m* m® are rods connecting the wrist-
plate J with the valve-arms m m’' m? re-
speetively.

mS m7 m® represent arms secured to the
stems of the valves k% k", and I respectively;
and m® m!® m! represent rods connecting the
wrist-plate J to the valve-arms m® m? m®, re-
spectively.

When the pistons are moving in the diree-
tion of the arrows in Fig. 2, the induction-
valve &? of the high-pressure eylinder B and
the exhaust-valve I’ of the low-pressure cyl-
inder C are closed, and the intermediate valve
k° is open and allows the steam to pass from
the upper cylinder B to the lower cylinder C,
while the induction-valve %? of the high-press-
ure cylinder B’ and the exhaust-valve I of
the low-pressure cylinder ¢/ are open, and
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the intermediate valve k% is closed and cuts
off communication between the cylinders B’
and ¢/. When the pistons have reached the
limit of their movement,the valves k%% and
U of the cylinders B C are moved by the ec-
centric-rod J?, wrist-plate J, and connecting-
rods m® m* m® so as to open the induction-
valve k* of the cylinder B and close the in-
termediate valve k° and. open the exhaust-
valve I’ of the low-pressure cylinder C, while
the valves &%, k%, and I3 of the cylinders B
¢’ are moved by the eccentric-rod J* wrist-
plate J’,and connecting-rods m*m! m" so as

- 1o close the induction-valve k® of the cylinder
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B’ and open the intermediate valve k' and

close the exhaust-valve [ of the low-pressure’

cylinder ¢/, ready for a return-stroke of the
pistons. ) , '

N N’ represent steam - actuated air-inlet
valves arranged in chambers n n/, formed on
the outer side of the heads d d* of the high-
pressure cylinders B B/, respectively; and N*?
N® represent similar air-inlet valves arranged
in chambers n? n®, formed on the outer heads
d’ @ of the low-pressure cylinders C C/, re-
spectively. ‘ »

As clearly shown in Figs.2,4,7,and 8,each
of the air-inlet valves N N’ N? N* is composed
of a cylindrical portion 7° and an enlarged
piston portion nf. The cylindrical portion 7’
moves in a bore 77, formed in the casing of
each valve-chamber and connecting at its in-
ner end with its respective eylinder. The
enlarged outer or piston portion n° moves in
a cylinder %, forming part of the valve-cham-
ber.

n® represents radial air - inlet openings

formed mnear the inner end of each of the
valve-chambers nn' n?n? and through which
air is’ admitted to the respective cylinders
when the valves N N’ N? N® are moved out-
wardly far enough to uncover these openings,
and which are closed so as to cut off the sup-
ply of air to the cylinders when these valves
are moved inwardly to the position shown in
Fig. 8. ‘ .
N“ N represent steam-actuated intermedi-
ate air-valves arranged in chambers n' n',
which are formed on the lower portions of
the heads d d® and connect at their inner
ends with the high-pressure cylinders B B,
respectively. The valves N* N° alternately
open and close the communication between
the high and low pressure cylinders, and are
constructed similar to the valves N N’ N? N&
Each of these valves is provided with a cy-

_lindrical portion n° moving in a perforated
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sleeve or bore n’, and an enlarged outer or
piston portion 7°, moving in a cylinder ns,
formed in the outer ends of the chambers n'

11
nil,

resented in the drawings. ;
o represents passages formed in the heads

d @2 of the high-pressure cylinders B B’, re-

spectively, and partly in the heads d’ d? of

- the low-pressure cylinders C C/,respectively.

The bores in which these valves move |
-are preferably provided with bushings, as rep-

The upper ends of the passages o communi-
cate with the high-pressure cylinders B B’
through a series of opening o’, formed in the
sleeves n7 of the valves N* N5 and at their
lower ends with a chamber 0% formed in the
upper portion of the heads d’ d® of the low-
pressure cylinders C C’, respectively. The
chambers o® are connected with the high-
pressure cylinders C C’ by openings 0’ ar-
ranged in the heads d’ d® opposite the cen-
tral portions of the chambers ¢ ,

ot 0% 0% represent valve-chests secured to
the chambers of the air - valves N N* N?
respectively, on one side of the machine; and
o7 0° o® represent similar valve-chests secured
to the chambers of the air-valves N’ N° N3,
respectively, on the other side of the machine.

O represents a steam-pipe connected to one
end of the regulating device K’, and extend-
ing downwardly on the inner side of one of
the side walls ¢ of the main frame. Thispipe
is provided at its lower end with two branch..
pipes O’ 0% which pass outwardly through
the end walls o’ ¢? and thence forwardly and
upwardly. The valve-chests o* 0° 0% on one
end of the machine are connected with the
branch pipe O’ by branches 0¥ o' o', respect-
ively, and the valve-chests o7 0® o® on the op-
posite end of the machine are connected with -
the branch pipe O® by branches o' o' 0%, re-
spectively, as shown in Figs. 6 and 8. Each
of the valve-chests o* 0 0% 0" 0® 0° is provided
with steam-ports p p’,leading to opposite ends
of the cylinders, in which the valves move,
and withan exhaust-port p%as shown in Fig.6.

P represents rock-valves, one of which is
arranged in each of the valve-chests o* o° of
07 68 ¢°, and whereby steam is admitted alter-
nately to opposite sides of the pistons nf of
the valves N N’ N? N3 N* N% g0 as to actuate
the latter. )

As clearly shown in Fig. 1, p? p* p® p® p7 p®

.are arms secured, respectively, to the stems of

the rock-valves P of the air-inlet valves N N’
N? N? and the intermediate air-valves N* N5,
respectively.

p* p° p' represent rods connecting the
wrist-plate J with the arms p* p7 p°, respect-
ively; and p® p'® p represent similar rods
connecting the wrist-plate J” with the arms
p* p® b, respectively.

P represents an exhaust-pipe arranged at
one end of the compressor and connected
with the exhaust-ports p* of the valve-cham-
bers nn' n?; and p'® represents a similar pipe
arranged at the opposite end of the compressor
and connected with the exhaust-ports p* of

‘the valve-chambers n/ n!l n,

Q Q' represent check-valves arranged in
the air-chambers o® of the low-pressure cylin-
ders C ¢/, respectively, and which are adapted
to seat themselves in the opening o® of the
Jow-pressure cylinders C C’, and close said
openings when the pistons E E’ move in-
wardly, while these valves are moved away
from their seats when the pistons E E’ ap-
proach these valves..
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7 1’ represent air-chambers arranged near
the upper ends of the high-pressure cylin-
ders B B/, respectively. Each of these cham-
bers is provided with two check or air-dis-
charge valves R R/, which are adapted to seat
themselves in outlet-openings 7¢ 1, formed
in the heads d @3 and which connect the
chambers r 7 with the high-pressure eylin-
ders B B’. The valve R is arranged near the
top of the cylinders B B’, and the valve R’
below the valve R on one side thereof, as
clearly shown in Figs. 3 and 5. Each of the
check-valves Q Q" and R R’ is provided on
its back with a horizontal hollow sleeve S,
which moves in a eylinder s/, formed on a
head s The latter is arranged opposite the
air-outlet opening of the respective cylinder
and closes the outer end of the check-valve
chamber. The cylinders s’ of the valves Q
Q’ are provided near the inner sides of the
heads s* with openings s* which connect the
air-chambers o* with the interior of these cyl-
ders §’, so as to cause the back-pressure to

" act upon the sleeves of the valves and keep
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the valves closed. The cylinders s’ of the
check-valves R R’ are provided with similar
opening s* for the same purpose. Each of
the check-valves Q Q' R R’ is provided with
a rod or stem ?, arranged centrally on the
back of the valve. The outer end of this
stem enters a small steamm chamber or cylin-
der ¢/, formed in the head s® of the valve-
chamber. The outer ends of the steam-cham-
bers ¢/, arranged at one end of the com-
pressor, are connected to a steam-supply pipe
T by branches > The steam-pipe T is con-
nected at its lower end to the branch O’ of
the steam-pipe O. The steam-chambers # of
the heads s* arranged at the opposite end of
the compressor, are connected to a steam-
pipe T/ by branches #, which latter are also
tapped into the outer ends of the steam-
chambers #’. The pipe T’ is connected at its
lower end to the branch O? of the steam-pipe
0. By thus connecting steam-pipes to the
chambers ?’ of the valves Q Q' R R’ a suffi-
cient pressure is brought to bear upon these
valves to insure a rapid inward or closing
movement of the valves without the use of
springs, and whereby a clean and sharp cut-
off is effected, thereby greatly increasing the
duty of the compressor.

U represents the main aiv-discharge pipe,
having branches U’ U? which are connected,

respectively, with the upper ends of the air--

chambers = 7’ of the high-pressure cylinders
B B’, respectively.

The regulator K’, by which the steam-sup-
ply to the compressor is automatically con-
trolled, is provided with a casing V, closed
at its ends by heads v v/, and a cylinder 2% ar-
ranged within saia casing.

- ¥® represents the steam -inlet chamber,
which is mounted on the upper portion of
the casing V, and connected with the steam-
supply pipe K.

v* represents the steam-outlet chamber ar-

ranged on the lower side of the casing V, and
connected with the pipes K2 K3 leading to
the compressor.

v° represents slots or openings formed in

the upper portion of the cylinder V, and

through which the steam passes from the in-
let-chamber v® to the interior of the cylinder
v?; and o° represents similar openings ar-
ranged in the lower portion of the cylinder 2,
and through which the steam passes from
the cylinder v? to the outlet-chamber 2* and
branch pipes K? K3, :

V’ represénts a piston-valve, which moves
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in one end of the cylinder +* and regulates -

the supply of steam. from the main steam-

"pipe K to the branches K* K®by openingand

closing the openings ¢° % connecting the in-
let-chamber +* with the lower outlet-cham-
bers vt

V?represents a pipe leading from the main
air-discharge pipe U to the regulator. This
pipe is connected with a casing 7, in which
is arranged a valve v% which closes the pipe
V? and prevents the air from passing to the
regulator through the conneecting-pipe V3 un-
til the air-pressure in the pipe U has reached
a certain predetermined point, to which the
valve 28 is loaded by a spring 2%, or otherwise.
When the air-pressure exceeds this point, the
valve ¢® is raised and the air passes through
the pipe V® to the regulator. The valve ¢¢
allows the air-pressure to be raised higher
than the steam-pressure before the air is ad-
mitted to theregulator. The connecting-pipe
V2 is provided with a pin-hole, through which

| the air between the valve +® and the piston-

valve V' is allowed to escape very slowly.
The pressure in the air-pipe U is thus thrown
against one side of the piston V’, so that the
air-pressure tends to move the piston in the
direction in which it is required to move in
order to close the openings v v5, while the
steam entering the cylinder«? presses against
the opposite side of the piston-valve.

w represents a hollow stem formed cen-
trally on the inner end of the piston-valve V’
and entering a longitudinally - adjustable
sleeve w’. The latter is arranged in a cham-
ber ? formed on the head +’ of the casing V.

w?represents perforations which are formed
in the stem w near the valve V’,and through
which the steam enters the hollow stem.

w'represents perforations which are formed
in the sleeve 1’ near the end of the valve-
stem w and opposite a steam-chamber w5, sur-
rounding the sleeve w’ at this point. This
steam-chamber is connected at its lower end
to the steam-pipe O, which supplies steam to
the cylinders of the air-valves and check-
valves, as before described. Steam passes
from the eylinder +* to the pipe O, through
the perforations w?® of the stem w, the perfo-
rations w* of the sleeve w’, and the steam-
chamber 5.

w* represents a screw-stem connected with
the outer closed end of the sleeve w’, and
whereby the latter can be adjusted so as to
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cause the openings w* to be closed by a
greater or less movement of the sleeve w’, as
may be necessary. o

w7 represents an adjustable stop whereby
the closing movement of the piston-valve is
limited. :

~When the air-pressure in the air-discharge
pipe U exceeds the normal, the valve V' of
the regulating device K" is moved inwardly
by the air-pressure, so as to partially cut off
the supply of steam. from the main pipe K
to the branch pipes K® K3 and whereby the
speed of the.compressor is correspondingly
reduced. = Should the air-pressure still ex-
ceed the normal after the speed has been re-
duced, (which may be the case when the
compressed air is not used in sufficient quan-
ties,) the air-pressure continues to move the
valve V' inwardly until its hollow stem w
covers the openingsw!of the sleeve w’,where-
by the supply of steam to the chamberwf, and
consequently to the steam-cylinder of the air-
inlet valves N N’ N? N3and the intermediate
valves N* N5, ig cut off. The steam-pressure
being so removed from these valves, they
simply move outward when the aoctuating-
pistons D D’ E E’ next approach the valves,
and then remain in this outward position,
leaving the air-inlet passages open, so that
the air enters the cylinders and is expelled
therefrom through. these passages. Should
the air-pressure fall below the normal, the
steam-pressure against the back of the valve
V’ forces the latter outwardly, and thereby in-
creases the flow of steam from the main to
the branch pipes and correspondingly in-
creases the speed of the machine.

‘When the valve V'isinits extreme inward
position, it does not entirely cut off the sup-
ply of steam, but admits only enough steam
to the eylinders to produce a very slow move-
ment of the machine, so that the latter will
always be ready for duty should the air-press-
arebereduced. The openingsw!of the sleeve
w’ are 50 located with reference to the stem
2w of the valve V' that when the latter is
moved inwardly by the steam-pressure suffi-
ciently to again produce an active speed:-in
the machine the openings w* are also again
opened to admit steam to the cylinders of the
air and check valves, so as to again render
these valves operative. -

When the piston D of the high-pressure
cylinder B and the piston E’ of ihe low-press-
ure cylinder C” are in position ready to begin
their inward stroke,and the piston D’ of the
high-pressure cylinder B’ and the piston E

- of the low-pressure cylinder C are in posi-
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tion ready to begin their outward stroke, the
valves of the several cylinders are in the fol-
lowing position: The steam-valve k® is open
and allows the steam to pass through the
port %° into the high-pressure cylinder B’
back of the piston D’,the intermediate steam-
valve kP, between the high-pressure cylin-
der B and low-pressure cylinder C, is open
and allows the steam .to exhaust from the

high-pressure cylinder B into the low-press-
ure cylinder C back of the piston E, the air-
inlet valve N of the high-pressure cylinder
Bis open and the air-inlet valve N’ of the
high-pressure cylinder B’ is closed, the air-

7¢

inlet valve N* of the low-pressure cylinder C -

is closed, and the air-inlet valve N° of the
low-pressure cylinder C’ is open, and the in-
termediate air-valves N* N’ connecting the
high and low pressure cylinders B C and B’
(', respectively, are closed. . The steam act-
ingupon the diagonally-opposite pistons D’
and E of the high-pressure cylinder B’ and
low-pressure cylinder C causes these pistons
to move in opposite directions, as indicated
by the arrows in Fig. 2, whereby the air con-
tained in the. high-pressure cylinder B’ is

compressed and expelled through the check-

valve chamber ' and branch air-pipe U? the
high-pressure cylinder B and the low-press-
ure cylinder C’ are taking in air through the
open air-valves N N& respectively, and the
air contained in the low-pressure cylinder C
is being compressed therein. The air-inlet
valve N® of the low-pressure cylinder C’ re-
mains open until the piston has reached the

end of its inward stroke, so as to allow the

cylinder to become filled with air, and thein-
termediate valve N® and the air-inlet valve
N’ of the high-pressure cylinder B’ will re-
main closed until all the air contained in the
high-pressure cylinder B’ has been expelled
therefrom. The air-inlet valve N of the high-
pressure cylinder B remains opén only long
enough to allow this cylinder to become filled
with external air until its piston D has made
about one-half its backward stroke, when the
air-inlet valve N is closed. Immediately af-

ter this occurs the intermediate valve N*is

opened, so as to allow the compressed air in
the low-pressure cylinder C to be forced into
the high-pressure cylinder B through the air-
chamber 0. The intermediate valve N*now
remains open until the piston D has reached
the end of its inward stroke and the piston

T the end of its outward stroke, and all the

air -.contained in the cylinder C has been
forced into the high-pressure cylinder B. The
steam behind the piston Eof the low-pressure
cylinder C escapes through the exhaust-port
] during the backward stroke of the piston.
At the moment that the pistons D D’ and
T’ reverse their movement the several valves
are shifted as follows : The steam-valve %&° of
the high-pressure cylinder B’ is closed and
the. intermediate steam-valve %' is opened
and allows the steam in the high-pressure cyl-
inder B’ to pass into the low-pressure cylinder
(’, behind the piston E’, and the exhaust-
valve I is closed. The steam-valve k?* of the
high-pressure cylinder B is opened and ad-
mits the steam to the eylinder B behind the
piston D thereof and the intermediate valve
i is closed, so as to prevent the steam from
passing into the low-pressure cylinder C, and
the exhaust-valve of the latter is opened to
allow the steam contained therein to escape.
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Theair<inlet valve N of the high-pressure ¢yl-
inder B remains closed. The: air-inlet valve
N’ of the high-pressure eylinder B’ is opened.
The air-inlet valve N? of the low-pressure ¢yl-
inder C is'opened. The air-inlet valve N3 of
the Jow-pressure cylinder G’ is closed, and
the intermediate air-valves N* N3 connecting
the high: and low: pressure ¢ylinders B C and
B’ .C’, respectively, are  also . closed. : The
steam now aets npon the diagonally-opposite
pistons D and E’ of the high-pressure eylin-
der Bandlow-pressure eylinder ¢’ and moves
the same outwardly, whereby the compressed
air contained in the high-pressure cylinder B
is expelled therefrom:through the chamber »
and branch pipe «, while the opposite high-
pressure cylinder B’ and: the low-pressure
cylinder C are taking in air through the open
air-valves N/: N3 respectively, and :the air
contained in the low pressurve eylinder (¢ is
compressed therein. | The air<inlet valve N? of
the low=pressure cylinder C nowremains.open
until the: piston E has reached the end of its
inwardstroke,so as to allow this cylinder to fill
withair;and theintermediate valve Ntand the
air-inlet valve N/ of the high-pressure cylin-
der B:remainelosed untilallthe compressedair
contained in the high-pressurecylinder B lias
been expelled: therefrom, while the air-inlet
valve N’ of the high-pressure eylinder B/ re-
mains open caly long enough to allow this.cyl-
inderto fillwith external air,or untilits piston
D7 has made about: one-half its backward or
inward stroke; when the air-inlet valve N is
closed.  Immediately after the valve N’ iis
closed the intermediate valve N°is opened,
S0 &8 to allow the compressed air contained
in the lower cylinder (V" to be forced into the
high-pressure cylinder B’ through the air-
chamber 0. The intermediate valve N’ now
remains open until the piston D’ has reached
the end of its inward stroke and the piston
E’ the end of its outward stroke, and the air
contained in the low-pressure cylinder C’ has
been forced into the high-pressure eylinder
B’. The various. valves will now again be
shifted back to their former position, ready
for the return-stroke, as first above described.
In this manner each cylinder operates alter-
nately as a steam-cylinder and as an air-cyl-
inder, and each cylinder is supplied with
steam at every other stroke, whereby the con-
tact-surfaces of the cylinders and pistons are
at short intervals supplied with moisture,
which insures the smooth running of the ma-
chine and prevents the parts from becoming
overheated. The low-pressure cylinders are
made, preferably, about twice aslarge in aréa
as the high-pressure cylinders, and the latter
take external air during about half of the
stroke, so that the aggregate volume of air
which is compressed at one stroke of the high-
pressure eylinder-piston is about two and a
half times as large as the capacity of the
high-pressure eylinder, whereby the compress-
ing capacity of the machine is largely in-
creased. The external air, which is admitted
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into the high-pressure cylinder, also serves
toeoolthis eylinder. ' Thisadimission of exter-
nal air to the high-pressure cylinder is ren-
dered possible by the action of the interme-
diate-air-valves N* N which preventthie com-
pressed air in thelow-pressure cylinders from
entering the high-pressure eylinders until the
pistons of the latter have made about half of
their return-stroke.

The air+valves are flush withi the aylinder-
heads when -closed, whereby dead-air spaces
are avoided. ' The air-valves; which are pro-
vided with actuating-pistons, are held: fully
open. while the:air passes into the cylinders,
and are opened and: closed instantly by the
pressure of i the steam against these pistons.
This avoids loss of time in:opening, which
takes: place when  such: valves are opened
against spring-pressure and: prevents :the
wire-drawing of the air when'such valves are
actuated ‘by eccentric or other :mechanism
fram: the ghaft. ' The pistons of these valves
are so muchlargerin'diameter than the valves
themselves that: the steam-pressure on:their
pistons overcomes the air-pressure in the cyl-
inders.

By arranging the high-pressure and low-
pressure cylinders side to side, or one above
the other, as shown, instead of ‘end toiend, the
length of the connecting steam: and ‘air pas-
sages is reduced to'a miimuni and a very
compactconstruction of the valve mechanism
is obtained.

The air-valves imay be ' actuated by com-
pressed air;instead of steam,by providing the
piston-valve V/with a portew?, swhich supplies
the compressed airto a chhambeiw®.  In this
case the pipe O, leading to the cylinder of the
air-valves N N’ N? N® and the intermediate
valves N* N5 is connected with the chamber
w?, and the port«w?® is so arranged that it cuts
off the air-pressure when the piston-valve
has reached the end of itsclosing movement.
In this construction, which is represented in
Fig. 15, the intermediate valve ¢ is omitted.

I claim as my invention— .

1. The combination, with a high-pressure
and a low-pressure actuating cylinder and

‘the pistons working in the same, of stecam-

valves whereby steam is admitted into the
high-pressure cylinder, exhausted therefrom
into the low-pressure cylinder, and discharged
from the low-pressure cylinder, air-valves
whereby the air is admitted into the low-
pressure cylinder and from the latter into the
high-pressure cylinder and discharged from

‘the latter, a fly-wheel shaftrotated from said

pistons,and valvemechanism, substartially as
described, whereby the steam-valves are actu-
ated from said shaft, substantially as set
forth.

2. The combination, with the high-pressure
cylinder and the low-pressure cylinder ar-
ranged side to side, pistons working in the
same, and connecting mechanism, substan-
tially as described, whereby the pistons are
caused to move in opposite directions, of a
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steam-induction valve,an intermediate steam-
valve, and asteam-exhaust valve,all arranged
at one end of said cylinders,and an air-inlet
valve, an intermediate air-valve, and air-dis-
charge valve, all arranged at the opposite ends
of said cylinders, substantially as set forth.
8. The combination, with a pair of high-
pressure and low-pressure cylinders arranged
side to side at each end of the machine and
the pistons working in said cylinders, of two
geared shafts arranged between the two pairs
of cylinders, one shaft connected with the

pistons of the high-pressure cylinders and.

the other shaft with the pistons of the low-
pressure cylinders, steam-induction valves,
intermediate steam-valves,and steam-exhaust
valves arranged at the inner endsof the cyl-
inders, and air-inlet valves, intermediate air-

valves, and air-discharge valves arranged at

the outer ends of -the eylinders, substantially
as set forth. v

4. The combination, with a compressing-
cylinder provided with a cylindrical air-inlet
passage having air-inlet openings in its side,
of a cylindrical air-valve arranged in said
passage and provided at its outer end with
an enlarged piston, a cylinder in which'said
piston moves, a valve-chamber, portsconnect-
ing said valve-chamber with the pistou-cyl-
inder on opposite sides of the piston, and a
valve arranged in said valve-chamber, where-
by a fluid under pressure can be admitted to
the eylinder on either side of the piston, sub-
stantially as set forth.

5. The combination, with the low-pressure
cylinder provided with an air-inlet valve, a
high-pressure eylinder, a positively-controlled
intermediate valve whereby the compressed
air is excluded from and admitted to the high-
pressure cylinder, and a check-valve ar-
ranged in the air-passage between the inter-
mediate valve and the low-pressure cylinder,
substantially as set forth.

6. The combination, with the low-pressure
cylinder provided with an air-inlet valve, a
high-pressure cylinder, a positively-controlled
intermediate valve whereby the compressed
air is excluded from and admitted to the high-

. pressure cylinder, a check-valve arranged in
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the air-passage between the intermediate
valve and the low-pressure cylinder, and an
air-inlet valve connected with the high-press-
ure cylinder and admitting externalair there-
to, substantially as set forth.

7. The combination, with the compressing-
cylinder, of an air-inlet valve provided with
an actuating-piston, a cylinder in which said
piston moves, a valve whereby the flow of the
actuating-fluid to and from opposite ends of
the valve-cylinder is controlled, valve-gear
whereby said valve is actuated, and an auto-
matic regulator whereby the fluid-pressure
can be shut off from said valve, thereby sus-

pending the action of the air-inlet valve and
allowing it to be opened and to remain open
for the passage of air in both directions until
the fluid-pressure is again applied, substan-
tially as set forth.

8. The combination,with the air-compressor
and its steam-supply pipe, of the regulator-
casing connected with the steam-supply pipe
and provided with steam-inlet openings 8
and steam-outlet openings ©%, a piston-valve
adapted to open and close said openings and

receiving the steam-pressure in the casing on.

its front side, and the air-pipe V?, admitting
the compressed air to the valve-casing on
the rear side of the valve, substantially as
set forth. ‘

9. The combination, with the compressor
and its steain-supply pipe, of aregulator-cas-
ing receiving steam from said pipe, a piston-
valye arranged in said casing, and whereby
the steam-passage is opened and closed, an
air-pipe connecting said casing with a con-
duit containing compressed air, whereby the
air-pressure tends to move the valve in the
direction in which the steam -passage 18
closed, while the steam-pressure tends to move
the valve in an opposite direction, and a stop
whereby the closing movement of the valve
is limited, substantially as set forth.

_ 10. The combination, with the compressor,
its steam-supply pipe and its air-valves and
their actuating mechanism, of the regulator-
casing connected with the steam-supply pipe
and provided with steam inlet and outlet open-
ings, a piston-valve arranged in said casing,
an air-pipe admitting compressed air to the
casing on one side of said valve, a hollow
stem projecting from the oppositeside of said
valve and receiving steam from the casing, a
chamber receiving the steam from the hollow
stem, and a pipe conducting this steam to
the actuating mechanism of the air-valves,
substantially as set forth.

11. The combination, with the compressor,
its steam-supply pipe, its air-valves, and their
actuating mechanism, of the regulator-casing
provided with steam inlet and outlet open-
ings v% ¢, and an air-pipe V% a piston-valve
arranged in said casing and provided with a
hollow stem w, having steam-inlet openings
w?, an adjustable sleeve w’, surrounding the
open end of the hollow stem and provided
with steam-passages w? a steam-chamber
surrounding said steam-passages, and a pipe
0, connecting said chamber with the actuat-
ing mechanism of the air-valves, substan-
tially as set forth.. ' ‘

Witness my hand this 10th day of May,

1888. -
URIAH CUMMINGS.
Witnesses: ’
CHESTER D. HOWE,
CARrL F. GEYER.
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