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- UNITED STATES PATENT
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ALBERT T. IDE, OF SPRINGFIELD, TLLINOIS.

STEAM-

ENGINE.

SPECIFICATION formiﬁg part of Letters Patent No. 441,364, dated November 25, 1890.

Application filed June 10, 1890,

Serial No. 354,927, (No model.)

- To all whom it may conceri:

Be it known that I, ALBERT L. IDE, of

- Springfield, in the county of Sangamon and

State of Tllinois, have invented certaln new

“and useful Improvements in Steam-Engines;

and Ido hereby declare that the following is

" a full, clear, and exact description thereof, ref-
~ erence being had to the accompanying draw-
~ings, and to the letters ot reference marked

i0

thereon, which form a part of this specifica-
tion. |
This invention relates to steam-engines,

~ and more particularly to the class of steam-

23
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engines known as “compound engines.”
 The invention consists in the matters here-
inafter described, and pointed out in the ap-

pended clalms.

In the accompanying drawings, illustrating
my invention, Figurel 1s a perspective view
of a compound engine embodying the same.

Fig. 2is a central longitudinal section of the
same, taken on a horizontal plane through the

engine cylinders and valves on the lines 2 2

of Figs. 3 and 4. Fig. 318 a transverse sec-
tion through the low-pressure cylinder, taken
-upon line 3 3 of Fig. 2. FKig. 413 a transverse

section through the high-pressure cylinder,
taken upon line 4 4 of Fig. 2. Fig. 518 &
longitudinal section through the valves illus-
trated in Fig. 2, taken upon the lines 5 5 of
said Figs. 2,3, and 4. Fig. 61s a detail side

 elevation of the slide-valve belonging to the

35

low-pressure cylinder. Fig. 7 is an enlarged
detail section of the valves shown in Figs. 2
to 5, showing said valves 1n a changed posi-

tion from that shown in Fig. 2. Fig. 3 is a

similar section illustratingstill another POSi-
tion of the valves. Fig. 9 illustrates valves

. embodying the invention, differing somewhat

40

from that shown in the other figures.
As illustrated in said drawings, A indicates
the engine-frame; B, the low-pressure eylin-

der, which is directly connected with the end

of the frame; C,the high-pressure cylinder,

which is secured to the end of the low-press--

are cylinder remote from the engine-frame.
D is the steam-chest of the low-pressure

“¢ylinder B; E, the steam-chest of the high-

~ pressure cylinder C; I, the steam-supply pipe

50

which is connected with. the steam-chest K ol

thie high-pressure eylinder; G, the exhaust-

S 1T T

pipe which communicates with the exhaust-
space of the low-pressure cylinder B.

H indicates a valve-stem by which the slide-
valves of theengine are actuated, said valve- 55
stem being actuated by a connecting-rod H’,
operated by an eccentric on the main shaftl
of the engine in the usual manner. |

 J indicates, as a whole, the slide-valve of
the low-pressure cylinder, and IS the slide- 6o
valve belonging to the high-pressure cylinder.
The steam-chest D of the low-pressure cylin-
der is provided with a valve-seat L, having
at its opposite ends two ports ! ', leading to
the opposite ends of the cylinder, and witha 63
central port 2, which communicates with the
exhaust-pipe G. The steam-chest K of the
high-pressure cylinder is provided with a
valve-seat M, having at its opposite ends
steam-ports m m/, communicating with the 7o
opposite ends of the said cylinder, and a cen-
tral steam-port =? in communication with
the steam-supply pipe L. | | -

N is the piston of the low-pressure cylinder,
and O is the piston of the high-pressure eyl- 75
inder, said pistons being attached to a single
piston-rod P in the usual manner. "The por-
tion P’ of said piston-rod between the pistons
N and O passes through a suitable sleeve or
bushing secured in the head C’ of the high- 8o
pressure cylinder, which head C’ constitutes
‘also the adjacent or outer head of the low-
pressure cylinder B. S

The slide-valve J belonging to the low-
pressure cylinder is constructed as follows: 33
Said valve is generally ot flat or oridiron
form, Figs. 5 and 6, and consists of two par-
allel side pieces j 4, two end cross-bars y’ 7%
and two intermediate cross-bars j°7% Asa
detail of construction in the particular valve go
shown, the latter is provided with a central
tubular part J’, through which passes the
valve-stem H, said tubular part affording a
brace to connect the cross-bars of the valve,
and thereby give strength and rigidity to the 95
saine. o o o

~ The valve J, made as above described, s
located in contact with the valve-seat L and
operates in connection therewith, and also
with a stationary valve-plate R, which 18 sus- 1co
tained within the steam-chest opposite the

 valve-seat T, and is providad with a flat bear-

.|||“1{:!!1EI"!’ I .' - | R
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to hold the latter from

- valve-plate R to hold the latter
- position. _
steam-pressure in holding the valve - plate

20

s

ing-surface R’, which is in contact with the
outer side of the valve J. Said valve-plate R
1s conveniently held in position by means of

inwardly-projecting flanges » », which rest at |

their edges in contact with the valve-seat L
at opposite sides or edges of the valve J , Fig.
3, the said valve-plate R being arranged 1o
bear at its side edges against the side walls
of the steam-chest, whereby the said valve-
plate is held from shifting sidewise, as clearly
shown in the drawings.
Iig. 3,18 inserted in the valve-seat I.,and en-
ters a recess in the flange» of the valve-plate

longitudinally. - .
R*is a spring interposed between the outer
wall or cover of the steamm-chest and the said
in operative
Said spring R*does not act against

against the seat I, inasmuch as the steam-
bressure comes outside of the said valve-plate
and tends to press the same against the valve-

- Seat, and said spring enables the valve-plate

-to-yleld outwardly to relieve the parts from

strain in case of an accumulation of water in
the cylinder, thereby avoiding danger of
breakage of the parts by the compression of

- the water in either end of the cylinder at such

30
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time. The valve-plate R is made shorter
than the length of the steam-chest, and the
end or outer cross-bars j’ 72 of the valve J are
arranged at such distance apart and the valve
i8 moved through such distance that said
cross-bars. are carried alternately past the
ends of the valve-plate or outwardly from be-
neath the same, so as to admit steam from

- the steam-chest between the ends of the valve-
~ plate and the valve-seatto the steam-ports /7’.

40

The inner cross-bars 72 54 of the valve are ar-

- ranged at such distance apart that they are
- moved alternately away from the surface of

- the valve-seat to a

haust-port &7 thereby leaving open the space
between the valve-seat and valve-plate for the
passage of steam from one of the steam-ports
(" to the said exhaust-port. In order that

- the steam may enter at both sides or edges of
- - the end cross-bars of the valve when the lat-

50

ter are moved outwardly past the end of the |

- valve-plate, as above described, the valve-seat

L. is madeof thesamelengthas thevalve-plate,
so that spaces are left between the ends of the
sald valve-seatandthe endsof the steam-chest,

~and the partsof the wall of the steam-chest ad-

Jacent to the ends of the valve-seat are re-

~ cessed; or,in other words, the valve-seat is ele-

Ho

vated above the adjacent parts of the inner
wall of thesteam-chest. "Thisconstruction en-

ables the steam to pass around the said end-

cross-bars of the valves, so as to enter the space

between the valve-seat and valve-plate at both |

sides of the said cross-bars, thereby affording
a.steam-passage of twice the area, with the

Same movement of the valve, as is afforded in
case the steam enters at one side only of said
cross-bar. IFor a similar purpose the valve- l

A pin or stud 7/,

shifting endwise or

point opposite the ex- |

~walls of the steam-chest.

| above referred to.
at its ends with enlarged partsor portions M2
M®, which enlarged parts are fitted to slide in |

441,364
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plate R is provided with a central recess 1% of

the same length and width asthe exhaust-port

{* and arranged opposite the latter. Said re-

cess allows the exhaust-steam to pass around
both sides of the inner cross-bars 7% 74 in its
passage from the
port ?, thereby affording a large area for the

| exit of steam with a small movement of the

valve.
as provided on its inner or bearing surface

near its ends with two transversely-arranged
recesses 7° 74, made of the same length and

width as the steam-ports I I and located op-
posite the latter. By the presence of said
recesses in the bearing-surface of the valve-
plate the latter is made to correspond exactly
with the bearing-surface of the valve-seat,
thus insuring an equal steam-pressure on op-
posite sides of the valve and the perfect bal-
ancing of the latter. As a separate and fur-

ther improvement, the ‘said valve-plate R is

provided with a steam space or passage R3,
extending longitudinally through the body of
the plate and opening at its ends through the

| Inner or bearing surface of the plate near the

ends of the latter. The said passage R3.is
designed to afford an additional area of pas-
sage for the inflow of steam to the cylinder-
ports, and for this purpose its ends are so lo-

-cated with reference to the ends of the valve-
‘plate that when the cross-bar at one end of

the valve begins to leave the edge of said
plate the cross-bar at the opposite end of the
valve will begin to pass from over the end

of said passage, thereby admitting steam

through said passage to the steam-port [ or I’

at the same time that steam is admitted to

the steam-port at the edges of the outwardly-

‘moving eross-bar of the valve.

1T'he operation of the valve will be pointed
out more in detail hereinafter in explaining
the operation of both of the valves J and K
1n operating together. .

To next deseribe the construction of the
valve K and the valve-seat M, in which the
same 18 located, said parts are made as fol-

ports [ !’ to the exhaust-

75

Sald valve-plate R is herein shown

30
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100

105
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lows: -Said valve K is a tubular orhollow pis-

ton-valve, and the valve-seat M is of cylin-
dric form and provided with annular ports,
sald valve and seat being constructed in the
Same manner as the corresponding parts
shown in a prior patent, No. 360,594, granted
to me April 5, 1887. The valve-seat M 18, as

shown in the drawings, provided with two an-

nular steam-ports m?® m?*, connected with each
other and with the main steam-ports n m’ by
means of longitudinal passages formed in the
As herein shown,
cylindrie bushings M’ M’ form the bearing-
surfaces of the valve-seats and are provided

‘with a series of annularly-arranged slots or

openings, forming the annular ports m3 m¢

The valve K is provided

the opposite ends of the eylindric valve-seat
M. The said enlarged portions M2 M? are

IT5
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- that shown in Fig. 2. This figure shows the

exhaust-ports as already partially opened to

~ allow the passage of exhaust-steam from the

IO

outer ends of the high and low pressure cyl-
inders. At this time the opening of the ex-
haust-port m° of the high-pressure eylinder is
accomplished by the passage of the end of

‘the valve K from over said port, while the

opening of the exhaust of the low-pressure
cylinder is produced by the movement of the

‘intermediate bar 9° of the valve J from con-

tact with the valve-seat I. and the bearing-
surface R’ in that part of the same between

by allowing the exhaust-steam to passaround
both sides of the cross-bar 7* to the exhaust-

- port. Admission of steam to both the high
~and low pressure cylinders will begin as soon

20

25

3°

35

10

as the cross-bar j? passes from between the
valve-seat and valve-plate, and as soon as the

annular ports m°m* at the inner end of the

high-pressure cylinder are uncovered by the
annular surfaces M? M! of the valve K, the
parts being so arranged that all of the sev-
eral ports are opened and closed simultane-
ously, as will be clearly understood from the
drawings. |

- The passage R*in the valve-plate R affords.

an additional or increased area for the pas-
sage of live steam to the low-pressure cylin-
der during theopening of thesteam-ports, the
ports or openings at the ends of said passage
being so arranged that one of the end cross-
bars,as)’,willbegin touncoverthe said passage
at oné end of the valve at the same time the
cross-bar 7* at the opposite end of the valve

begins to leave the edges of the valve-seat
and the valve-plate. This will be clearlyseen

from Iig. 8, from which it will be obvious
that a slight further movement of the valve J
toward the right hand will bring the cross-
bar 7’ past the edge of the opening of the
passage R° at the same time that the inner
margins of the cross-bar j* pass beyond the
edges of the valve-plate and valve-seat. It

will of course be seen that one end of the

- passage R® is always in communication with

5O

the steam-port into which live steam is about
to be admitted wBen the other end of said
passage 1s being opened for the admission of
steam from the steam-chest.

It will of course be understood that alarger

- steam-inlet opening is required for the low-

55
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pressure than for the high-pressure cylinder,
and in a valve provided with the passage R?
a sufficient area for the admission of steam
will be provided by said passage in connec-
tion with the valve proper—as, for instance,
assuming that the area required for the ad-
mission of steam to the low-pressure cylinder
is twice as great as that required for the high-
pressure cylinder, then the area for the inlet
of steam afforded by the openings at either
side of the cross-bar j” or 4% combined with
the area of steam-inlet opening afforded by

the said passage R?, will be twice as great as

| passage R° being of cthiderably less width

the steam-ports.

the steam-port [ and the exhaust-port 2, there- |

with the side faces of the valve J.

441,364

than the opening afforded by the cross-bar;”
or 7°when the valve is at either limit of its
throw, it will commonly be of use only when
the engine is working at short stroke, it be-
ing obvious that when the valve is moved

70

throughout the full length of its throw, or

nearly so, the steam-inlet space afforded be-

tween each cross-bar j” and j? and the ad-
Jacent ends of the valve-plate and valve-seat

will be as large or larger than required to
admit all of the steam that can pass through

It will of course beunderstood thatdesired
area for the admission of steam to the low-

‘pressure cylinder may be provided without

employing the passage R® by making the
valve J of sufficient width for the purpose:
but for compactness of construction and to
avold the objectionable features which would

be connected with a very broad valve said
‘passage R® is employed. o _

The valve J (shown in the accompanying
drawings) is arranged vertically, the steam-
chest being placed at one side of the cylinder,
so that the weight of the said valve J comes

entirely upon the lower edge thereof. As a

further and separate improvement applicable
to valves of this general character, I place be-
tween the lower edge of the same and the sup-
porting-surface of the steam-chestadjacent to
1t one or more anti-friction rollers, which suns-

| tain the weight of the valve, and thereby avoid

30
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the frictional resistance which would result

from the sliding contact of the lower edge of
the valve with the surface by which thesame
18 sustained. As illustrated in the accom-
panying drawings, two anti-friction rollers S

1 S are employed, said rollers being located in

notches or recesses s s, formed in the lower
fange 7 of the valve-plate R, so that the roll-
ers rest upon the bottom wall of the steam-
chest. In this construction, of course, the
rollers are of the same diameter as the thick-
ness of the said flange . Therollers S 8.illus-
trated are of cylindric form and are made of
suchlength thattheir flat end faces come flush
This par-
ticular construction is not, however, essential,
and the rollers employed may be of spherical
instead of cylindric shape, and the bearing-
surfaces, therefore, may be arranged other-
wise than in the manner shown.

One main feature of the valve shown may

be used with advantage when other features

illustrated in the drawings are absent, it being
obvious that under some: circumstances the

reduction’in first cost of the engineor cheap-
ness of fuel will warrantthe omission of some

of the novel features herein shown, even at a
loss of the advantages gained by the presence
of such features-—as, for instance, adifferent
construetionin bothof the valvesis illustrated
in Fig. 9,in which the valve-plate R is without
any passage R° and the piston-valve Kispro-

IT1O
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120
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vided at each end withonly oneannular bear-
- thearea of the two annular ports m*m*. Said.| ing-surface M3, which operates in connection




“each provided with two separate annular |

411,364

- working or bearing surfaces M® M* the bear-

ing-surface M3, adjacent to the outer end of
 the valve, being constructed to operate in |

connection with the outermost port ms, and
the surface M* acting in connection with the

- port m4, adjacent to the middle part of the

- valve.

IQ

the reduced or smaller middle
‘valve K and the inner portions of the seat M.

Live steam is admitted to the valve
through the central port m* and gains access
to the ports m!m? which are nearest the mid-
dle of the valve, through the space between
| part of the
Passageis afforded for the steam to the outer
ports m® m3 by means of passages m° m’,
formed in the wall of the valve K and lead-
ing from the step or shoulder at the inner

-~ ends of the surfaces M* M* to annular open-

20

ings or ports formed between the surfaces M*

and M4 the said surfaces M* M* in this con-
struction being formed by or upon ringssus-

‘tained from the body of the valve by radial

ribs or flanges, as clearly seen in the draw-
ings, Fig. 4, and as fully set forth in sald
prior patent. The width of the innexr bear-
ing-surfaces M* M* is so proportioned rela-

- tively to the distance between and width of

3."3J

‘the ports m?® m* that when the annular open-
~ing between said surfaces M°® M* coiucides

with the outer port m? of the valve-seat the

“inner port m* of said seat will be uncovered,
 as elearly shown attheright-hand side of Fig.

35

2, it being entirely obvious that when the
valve is in the position illustrated in said fig-
ure steam will have free access from the

~ steam-port m? to the ports m?* m?* which com-
- municate with the main port m’ at the right-

40

hand side of the steam-chest. The exhaust-
steam in this construction passesthrough the

outer ports m? m?® only, the inner ports m* at
one end of the valve, obviously, being closed

- when steam is being admitted to the ports at

45

the opposite end of the valve, as clearly seen
in said Fig. 2. To allow sufficient area for
the passage of the exhaust-steam, the said
ports m*m? are desirably made wider than the
ports m*m* '
The interior space of the steam-chest D 1s

- in direct communication with or opens into

50

the interior of the steam-chest K, so that the
exhaust-steam from the end of the valve K

nearest the steam-chest D escapes directly.

into the latter, while the exhaust-steam from
the opposite or outer end of said valve K
passes through the hollow interior of the valve
and is discharged into the said steam-chest.
The particular arrangement described where-

- bythe live steam in the port m?surrounds the

60

central part of the tubular piston-valve K 1s
of advantage for the reason that such live
steam retains the tubular valve at a high
temperature,and thus prevents or lessens con-
densation of the exhaust-steam in the pas-
sage of the lattér from the outer end of the

high-pressure cylinder to the valve of the
piston-valve K,
constructed as above described, affords a |

low-pressure cylinder. The

double admission of steam tothe high-press-
ure cylinder, thereby enabling alarge area ot
passage for the influx of livesteam to the cyl-
inder to be secured by a short movement of
the valve, whereby a high pressure may be
quickly established within the cylinder when
the ports are opened. |

The valvesJ and K are connected by means
of the valve-stem, which passes through cen-
tral part J’ of the valve J, as hereinbefore de-
seribed, and through centrally-arranged hubs
of the valve . As a convenient means of

| holding the valves at the desired distance

apart, a tube or sleeve II? is placed around the
valve-stem between the valves in the manner
illustrated. - The operation of these said
valves will be more easily understood by ret-
erence to Figs. 2, 7, and 8. As illustrated in
Fig. 2, the valve K is in position for the pas-
sage of live steam through the double ports
m? m* to the main port m’/, leading to thein-

R
-
L
- -
b L]
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75
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ner end of the high-pressure ¢ylinder, and for

the exit of steam through the main port m at
the outer end of the high-pressure cylinder
through the valve K to the steam-chest D.
At this time thevalve K is at the extreme end
of its throw to the right, and the valve J 18
also at the extreme limit of its throw in the
same direction and in position for the great-

est admission of steamto the inner end of the

low-pressure cylinder through the port I’. At
this time thecross-bar 7°of the valve J stands
outside of and free from the valve-seat L and
the plate R, so that steam is free to pass from

the steam-chest around both sides of the said
bar 7* to the space between the sald valve-

plate R and the valve-seat L and into. the
said port I/, as hereinbefore described. = At
this time the intermediate cross-bar j* near-
est the erdss-bar 7* stands between the steam-
port I/ and the exhaust-port (% thus closing
the space between said ports, while the ex-
ternal cross-bar 4’ at the opposite end of the
valve stands between the port [ and the end
of the valve:seat, thus closing the space be-
tween the said valve-seat and the valve-plate
R at this point. - Exhaust-steam is at this
time free to pass from the said port { to the
exhaust-port [* through® the space between

haust-port and in position to allow the free
passage of steam around both sides of the bar
into said port. - Fig. 7shows both of the valves
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‘the valve-seat and valve-plate, the cross-bar
7% at this time being located opposite the ex-

120

at the limit of their movement opposite tothat

shown in Fig. 2, live steam at this time passing
to theouter end of the high-pressure cylinder
through the port m, and the exhaust-steam
passing from the inner end of said cylinder
through the port m’ to the valve-chest D,
from which it is passing through the port / to

the low-pressure cylinder, the exhaust from

the low-pressure cylinder passing through
the port I’ to the port [* in the manner illus-
trated. Tig. 8 illustrates anintermediate po-
sition of the parts when the valve 1s belng
shifted from the position shown in FKig. 7 to
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- with asingleannularsteam-portm?®ateach end |
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- of the steam-chest E. The construction shown

Ly

(O

ings.

i said Fig. 9 is a simple one, adapted for use
in cases where the cheapness of fuel or other

~¢ircumstances will enable good results to be

obtalned without the advantage in ‘steam
economy gcained by the use of all of the fea-
tures shown in the other figures of the draw-
In the flat valve J (shown in said Fig.
0) the advantages of a double admission of
steamisobtained—thatis to say, a relatively-

“large opening for the passage of steam 1is af-
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forded by a short movement of the valve;
but these favorable results are obtained to a
oreater degree when the passage R’ in the

valve-plate is employed, such passage ob-

viously affording a triple instead of a double
opening for the admission steam without in-
creasing the stroke of the valve.

The flat, gridiron, or barred valve, com-

bined with a valve-seat and imperforate
valve-plate, as herein described, may obvi-

ously be used insingle-acting enginesas well

as when combined with a piston-valve in a
compound engine,in the manner herein illus-
trated. |

In compound engines of the character
herein shown as heretofore commonly con-
structed the cylinders have been separated
from each other by an open space, the cylin-
ders being provided with heads on their ad-
jacent ends, containing two separate stuffing-
boxes, through which the piston-rod passes.
The construction herein illustrated, in which
the two cylinders arranged end to end are
separated by a single diaphragm or wall
only, has the important advantage of en-
abling the stuffing - boxes to be dispensed
with, it only being necessary tofit the piston-
rod with reasonable closeness in the hole
through which it passes, inasmuch as any

‘steam which leaks past the piston-rod will

merely escape from one cylinder to the other.
The construction illustrated, furthermore, has
theadvantage of bringing the two valve-chests
close to each other, so that they are directly
connected . and form in effect one steam-chest,
while at the same time dispensing with the
stuffing-boxes heretofore used on the adjacent
ends of the steam-chests for the purpose of
making steam-tight joints with the valve-stem.
The connection of the steam-chests directly
with each other in the manner described has
the advantage of affording a direct passage ot

steam from one valve to the other,so thatno-

steam iswasted by condensation orotherwise,
as occurs when the two steam-chests are sepa-
rated and are connected by pipes or passages,
as heretofore common. |

It will be understood that this invention
relates to improvements in compound engines
only, the valve construction shown and de-
scribed as applied to the low-pressure cylin-
der forming the subject of a separate appli-
cation for patent, Serial No. 364,046, filed Sep-
tember 5, 1890.

I claim as my invention—

N T. . "|||!:;!| P

1. The combination, with the high and low
pressure cylinders of - a compound engine, of
2 steam-chest for the high-pressure cylinder
having a cylindric valve-seat provided: with
annular steam-ports communicating with op-
posite ends of the high-pressure cylinder and
with a central steam-supply port, a steams-
supply pipe communicating with said steam-
supply port, a steam-chest for the low-press-
ure cylinder, opening into the steam-chest
of the high-pressure cylinder and having &
flat-valve seat provided with steam-portslead-
ing to the opposite ends of the low-pressure
cylinder and with a central exhaust-port, a
valve-plate located in said steam-chest oppo-
site the said valve-seat,a hollow piston-valve
located in the steam-chest of the high-press-
ure cylinder and a flat valve provided with
transverse parallel bars working in connec-
tion with the valve-seat and valve-plate be-
longing to the steam-chest of the low-pressure
cylinder, and a rigid connection uniting said
hollow piston-valve with the flat valve, sub-
stantially as described.

2. The combination, with the high and low
pressure cylinders of a compound engine, of
a steam-chest having a cylindric valve-seat
provided at each end with two annular steam-
ports communicating with opposite ends of
the high-pressure e¢ylinder and with a central
annular steam - supply port, a steam - supply
pipe communicating with said steam-supply
port, a hollow piston-valve located in said
valve-seat and provided at each end with two
annular bearing - surfaces having between

them an annular steam passage or port com-

municating with the central steam-supply
port, a second steam-chest having a flat-valve
seat provided with steam-ports leading to op-
posite ends of the low-pressure cylinder and
with a central exhaust-port, a valve-plate ar-

ranged opposite and parallel with said valve-

seat, and a flat valve located between said
valve-seat and valve-plate,and provided with

four transverse parallel bars, said valves be-
ing rigidly connected with each other, sub-

stantially as described. |

3. The combination, with the high and low
pressure cylinders of a compound engine, of
a steam-chest having a cylindric valve-seat
provided at each end with two annularsteamn-
ports communicating with opposite ends of
the high-pressure cylinder and witha central
annular steam-supply port, a steam-supply

pine communicating with said steam-supply
port, a hollow piston-valve located in said

valve-seat ‘and provided at each end with
two annular bearing-surfaces having between
them an annular steam passage or port com-
municating with the central steam-supply
port, a second steam-chest having a flat-valve
seat provided with steam-ports leading to op-
posite ends of the low-pressure cylinder and
with a central exhaust-port, a valve-plate ar-
ranged opposite and parallel with said valve-

seat, and a flat valve located between said

valve-seat and valve-plate and provided with
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four transverse parallel bars, said valy es be— | In testimony that I claim the foregoing as

ing rigidly connected with each other, and | my invention I affix my signature in presence
said valve-plate being provided with a pas- | of two witnesses.

sage leading from end to end thereof and ALBERT I. IDE.
5 opening at the inner face of the valve-plate Witnesses:
near the ends thereof, subsmntmlly as de- (. CLARENCE POOLE

seribed. . __ . 4 GEORGE W. HIGGINS, Jr.
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