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UNITED STATES

PaTENT OFFICE.

GEORGE S. STRONG, OF NEW YORK, N. Y., ASSIGNOR TO
OF CINCINNATI, OHIO..

JAMES N. GAMBLE,

STEAM-ENGINE.

SPECIFICATION forming pa.ﬁ: of Letters Patent No. 477,234, dated June 21, 1892. -
. Application filed July 7, 1891. Serial Wo, 398,670, (Nomodel.) '

To all whom it may concern:

Be it krdown that I, GEORGE S. STRONG, of
the ecity and county of New York, State of
New York, have invented a certain new and
useful Improvement in Steam-Engines, of
which the following is a true and exact de-
seription, reference being had to the accom-
panying drawings, which form a part of this
specification.

My invention relates to the construction of
steam-engines, and particularly to compound
steam-engines, although certain features of
my novel construction are applicable to en-
gines which are not compound engines.

The object of my invention is to simplify
the construction of steam-engines and com-
bine the necessary parts thereof in such a

- way that they shall be as few in number and
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as compactly arranged as possible.

"The nature of my invention will be best
understood as described in connection with
the drawings in which they are illustrated,
and in which— ‘

Figure 1 is a cross-section through a Cross
compound engine embodying my improve-
ments, taken on the line w w. Fig. 2 is a
cross-sectional elevation taken on the line
z x of Fig. 1; Fig. 3, a longitudinal sec-
tion taken on the line v v of Fig. 1; Fig. 4, a
longitudinal cross-section taken on the line
y 4y of Fig. 1; Fig. 5, a sectional view repre-
senting the parts intersected by sectional
lines passing through the centers.of each cyl-
inder to the center of the valve-chamber, as
indicated at v v v, the parts being repre-
sented in the figure as on the same plane;
and Fig. 6 is a plan view of the starting-
valve, taken on the line 2 w of Fig. 2.

A is the high-pressure eylinder; B,the low-
pressure cylinder; C, the valve-chamber, and
D the sleeve or lining of the valve-chamber
in which the valves move. The two cylinders,

" the valve-chamber, and the ports of the en-
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gine are all formed in a single casting E,
which, as shown in the drawings, is adapted
for use in connection with a locomotive.

I is a passage formed in the casting E for

the admission of live steam from the boiler,

and F F are passages through which the ex-

50 haust-steam from the low-pressure cylinder

is earried into the smoke-box of the locomo-
tive. : :

G and G* are starting-valves, the construe-
tion of which will be deseribed hereinafter.
. H HH H are relief-valves, also described
later on. . L g :

J is a valve-stem, and K also a valve-stem
formed as a sleeve embracing the stem Jand

‘having inside of the valve-box slots K’ to per-

mit the passage of a bolt or key L? which
passes through the stem J and is used to se-
care to said stem a spool admission-valve L
L’, which works in the valve-box C.

On each side of the admission-valve L L’
exhaust-valves M M’ are secured to the sleeve
K, and where the valve is used in connection
with a compound engine additional valves N
N’ are also secured tothe stem K to regulate
the exhaust of the low-pressure cylinder.

Around the box C and opening into it
through its sleeve D areaseriesof ports. (In-
dicated by thenumbers1to9,inclusive.) The
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port 1 is connected with the steam-supply -

passage I, and the ports 2 and 3, situated on
each side of it, lead, respectively, to the two
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ends of -the high-pressure cylinder, the mo- -

tion of the spool-valve L L’ being such as to

connect the tangs-of the passages I?and I3, .

The ports 2 and 3 enter the high-pressure eyl-
inder through. the passages 10 and 11, with
which passages also the ports 4 and 5 are re-
spectively connected. . The ports 6 and 7 are
the exhaust-ports of the high-pressure eylin-
der, and in the construction shown they are
also the admission-ports to the low-pressure
cylinder, and the poits 8 and 9 serve as the
exhaust-ports of the low-pressure cylinder
and connect with the passages F F.
ing the spool admission-valve L L’ on an in-
dependently-actuating rod I am enabled to
vary the admission of steam to the high-press-
ure cylinder, while the exhaust-valves of said
cylinder -and the admission and exhaust to
and from the low-pressure cylinder remain
constant and unvaried or are only varied at
will, the stem K, for instance, having its mo-
tion regulated by a governor, while the mo-
tion of the sleeve-stem J is only under the
positive control of the engineer.:

In Fig. 2 of the drawings the valves are 100

By plae-
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shown in an intermediate position, useful as
indicating the lead of the various valves. In
Fig. 3 the position of the valves is such that
the steam from the boiler will pass from port
1 to port 3, thence, as indicated in Fig. 4, it
passes throuwh the passage.1l to the rwht-
hand end of the high-pressure eylinder, “the
port 5, also leading 1nt0 passage 11, being in
the posmon of the valve shown in Fl(" 3, cut
off by valves L” and M’ from all communic¢a-
tion with other ports or passages.
Looking to the left of Fig. 3, it will be seen
that the port 4, which, as mdleated in Fig. 4,
communicates Wlth passage 10, which leads
to the left-hand end of the hl"‘h -pressure cyl-

inder, opens into thespace between the valves |

N and M, and as said space also communi-
cates with the port 6 the exhaust from the
high-pressure cylinder then enters the left
hand end of the low-pressure cylinder through
passage 12, which is in communication with
port 6. The exhaust from the low-pressure
cylinder escapes through passage 13 at its
right-hand end to port 7and thence between
valves M’ and N’ to the exhaust-port 9 and
the exhaust-passage F.

In Fig. 4 the valves are shown in the pOSl-

© tion they occupy when the valve Lis moving
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toward the eenter to cut off the admission of
steam to the left-hand end of the high-press-
ure cylinder, and in Fig. 5 the valves N MN’
M’ are shown in the same position as in Fig.
4, and the valves I. I’ as having made an ear-
hel cut-off of the steam- admlsuon to the high-
pressure cylinder.

It is unnecessary to describe in detail the

‘passage of the steam through the various

ports and cylmders, as in view of the descrip-
tion already given it is a simple and easy

matter to follow the passage of the steam in
all positions of the valves, and the simplicity
and compactness of the amanfrement for con-

_ trolling the steam in its passage through the
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engine isof course apparent. It will be noted
that by having the two ports 3 and 5 and 2
and 4 conncetmv with the passages leading

to the hwh-pressnre cylinder and arranged as

descéribed the clearances are cut down and all
the steam-passages made less tortuous, the
passages particularly for the exhaust from the
high-pressure cylinder to the low-pressure

ylmder being-very short and direct, whereby

the efﬁmency of the engine is greatly en-
“hanced.

"At G, I have indicated a SImple and offi-
clent arrangement for admitting steam at a

proper pressure to the low-pressure cylinder.

of the compound engine in starting and be-

fore the exhaust from the high-pressure en--

gine is available.

Referring to FFigs. 2 and 6, T wili state that.

the stm'ting-valve is shown double, or, rather,
I should say, an independent starting-valve
is provided for each end of the low-pressure
cylinder, the one valve being indicated at G
and the other at G’. Each valve consists of
a differential eylinder I P/, the diameter of

-of pressure with respect to each other.

477,234

the part P béing four times that. of the part -

P’. From the outer end of the cylinder P—
that is, from the part farthest from its exten-
sion P’—a port S leadsinto a passage T’, which
communieates through a passage T? w1t11 the
admission-port at one end of the low-press-

ure eylinder, as shown, the passage T" T? from

the starting-valve G leads to the port 6,and
the corresponding passage from the starting-
valve G’ leads, of course, to'the port 7. The
passage T’ also communicates through a port

T with theinner end of the cyhnderP —that -

is, its end nearest to the eylinder P—and an'
other port R leads from the back of cylinder
P’ to the admission-port of the high-pressure
cylinder on the opposite side from that end
of the low-pressure cylinder which is in com-
munication with the passage T'. Asshown,

-this communication for the valve G isto the

port 5 and for the valve G* to the port 4.
Assuming now that the valve is in the po-
sition, for instance, shown in Fig. 3, the live
steam will passfrom port 1 to port 3 and thence
through passage 11 to the right-hand end of

eylinder A; but port 5 is also filled with high-

‘pressure steam which will pass through pas-

sage R toithe: outer end of the cyllnder P’
Now in the said dylinder P’ is a piston-valve
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Q’,to the inner end of which is secured a pis- -

ton Q, working in the cylinder P, the two to-
gether constituting a differential piston with
areas, respectively, asone to four. The high-
pressure steam acting on the end of piston O

will push it and the plStOIl Q before it until the
port T is open and the steam will then pass
through passage T’ T? and port 6 into the

passage 12, which leads to the left-hand side.

of the low-pressure cylinder. Thesteam will
also pass from the passage T’ through port S
to the outer end of the cylinder P, and obvi-
ously as soon as the pressure-in said cylinder
exceeds one-quarter of the pressure in eylin-
der P’ the pressure acting on the piston Q
will move it and the plston Q’ back to. then
original position, closing the port T and cut-
tlng off further admission to the low-pressure
eylinder. In this way both cylinders arc
started fogether and with a proper amount
The
companion valve G* of courseacts in thesameo
way with respect to the opposite ends of the
respective high and low pressure cylinders.
In order to avoid shock and injury to the
engine by excessive pressure or by the pres-
ence of water in the cylinders, I provide re-
lief-valves, the construction of which is indi-
cated at IT'in Iig.1,one valve being provided
for each end of each cylinder. The valve
consists of a chamber O having a cogd com-
munication or passage O leadm«r into it from
the admission-port at the end of_ a cylinder,
a valve-seat O’ being formed at the point

where the passage O enters the valve-box or’
Another passage O* leads from:

chamber O
the steam-supply passage into chamber O3
and a valve O' is normally held seated on O’
by the pressure of steam entering the cham-
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ber through passage 0% A spring O° may be |

advantageously used as additional means for
holding the valve to its seat. The valve O%
being held to its seat by a pressure as great
or greater than that in the cylinder, will re-
main seated under ordinary conditions; but
wherever the piston meets with an excess of
resistance at the end of itg stroke the press-
ure communicated through port O will lift
the valve from its seat and permit water, if
it be present, to pass from the end of the
cylinder irito chamber O%and thence throngh
passage O?to the steam-supply. . The advan-
tage gained in this form of relief-valve 'is

that the steam eseaping from theé cylinder |-

through the valve is not lost, as it would
be if the outlet-passage communicated with
the atmosphere or with the exhaust, but is re-
turned into the general steam-supply, while
at the same time the small amount of water
admitted by the valve into the steam-supply
is flashed or taken up by the steam and when
next admitted to the eylinder passes off with
the exhaust. When the admission-valve LT/
is moved independently of the valves con-
trolling the exhaust, the provision of. the
two ports 2 and 4 and 3 and 5, connécting, re-
spectively, with the passages 10 and 11, en-
ables me to provide sufficient room betweéen
the valves M and M’ to permit of the neces-
sary movements of the admission-valve, while
at the same time the valve-chamber as a whole
is eompact and well arranged; but even aside
from this point this peculiar arrangement of
the ports is valuable, because it diminishes
the clearance in the steam-passages to prac-

" tically a minimum, also enabling me to shape
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them so as to afford as little resfstanceas pos-
sible to the passage of steam and particularly
enabling me to make a very short and very
direet passage through which the exhaust-
steam from the high-pressure eylinder passes
to the low-pressure cylinder.

Iaving now described my invention, what
I claim as new, and desire to secure by Letters
DPatent, is— ’

1. In a steam-engine, the combination.of an
independent admission-valve L L’ with ex-
haust piston-valves M M’, situated on' each
side of the admission-valve and in the same

valve-box, but movable inde[ilendently of thve'

admission-valves.
2. In a steam-cngine, the combination of a

piston-valve chamber, the concentric inde-"

pendently-movable valve-rods iJ and K, ex-
tending through the same, an admission-valve
L. I, secured to one rod, and exhaust-valves
M M, situated on each side of the admission-
valve, but secured to the other valve-spindle.

3. The combination of the independent ad-
mission-valves L. 1. with exhaust-valves M
M’, situated on each side of the admission-
valve and in the same valve-box, and ports 2

4 and 3 5,leading into the valve-box,thepair

24 conneeting with the passage 10,leading to
one end of the eylinder, and the pair 3 5 with
the passage 11,leading to the other end there-

cf, all substantially as and for the purpose
specified.

4. In combination with the high and low
pressure-cylinders of a compound engine, the
common valve-chamber C, having ports 1, 2,
3,4, 5,6, and 7, arranged 'as described, the
ports 10 and 11, connecting ports 2 and 4 and

‘3 and 5, respectively, and leading to the op-

posite ends of the high-pressure eylinder, the
ports 12 and 13, leading from ports 6 and 7,
respectively, to the opposite ends of the low’-
pressure cylinder, and the piston-valves LL
M M’ N N’, working in said valve-chamber
and over the ports. - S

5. In combination with'the high apd_low
pressure cylinders of a compound engine, the
common valve chamber C, having ports 1, 2,
3,4, 5,6, and 7,arranged as described, the ports
10 and 11, connecting ports 2 and 4 and’3 and’
5, respectively, and leading to the opposite
ends of the high-pressure cylinder, the ports

12 and 13, leading from ports 6 and 7, respeect-. -

ively, to the opposite ends of the low-pressure
cylinder, the independent admission-valve L
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I, and the exhaust-valves M M’ N N’ ,situated

in each side of the admission-valve.

6. In combination with the high and low
pressure cylinders of a compound engine, the
common valve-chamber C, having ports 1, 2,
3, 4,5, 6, 7, 8, and 9, arranged as described,
the ports 10 and 11, connecting ports 2and 4

95

and 3 and 5, respectively, and leading to the -

opposite ends of the high-pressure cylinder,
the ports 12 and 13, leading from ports 6 and
7, respectively, to the )OS ;
low-pressuré cylinder, and piston-valves L L
M M’ N N’, working in said valve-chamber
and over the ports. ' :

7. The combination of the independent ad-
mission-valve L L’ with exhaust-valves M M’,
situated on each side of the admission-valve
and in the same valve-box, but movable in--
dependently of the admission-valve,and ports
9 4 and 35, leading into the valve-box, the

100

opposite ends of the
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pair 2 4 connecting with the passage 10, lead- -

ing to one end of the cylinder, and the pair - -

3 5 with the passage 11, leading to the other
end thereof, all substantially as and for the
purpose specified. _ S

8. In combination with the high apd low
pressure cylinders of a compound engine, the
common valve-chamber C, having ports 1, 2,
3, 4, 5,6, and 7, arranged -as described, the
ports 10 and 11, connecting ports 2.and 4and
3 and 5, respectively, and leading to theoppo-
site ends of the high-pressure cylinder, the

115,
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ports 12 and 13, leading from ports 6 and 7, re- -

spectively, to the opposite ends of the low;
pressure cylinder,and the piston-valves LL
M M’ 'N N’, working in said valve-chamber

“and over the ports, the valve L. 1" being mov-

able independently of the valves M M’ and
N N’. : S ,

9. In combination with the high and low
pressure cylindersof a compound engine, the

125
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common -valve-chamber C, having ports 1,2;
3, 4,5,6,7,8, and 9, arranged as described, -~
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the ports 10 and 11, connecting ports 2 and 4
and 3 and 5, respectively, and leading to the
opposite ends of the high-pressure eylinder,
the ports 12 and 13,leading from ports 6 and
7, respectively, to the opposite ends of the low-
pressure cylinder, and piston-valves L I/ M
M’ N N’, working in said valve-chamber and
over the ports, the valve L I’ being movable
independently of the valves M M’ and N N’,
10. In combination with a steam-engine, a
valve-chamber 0%, a port 02 leading to said
chamber from the steam-supply, a port O’
leading to said chamber from oneend of the
engine-cylinder, and a valve 0%, seated on port
O’ and sitnated below port 02 : '
11. In combination with a valve-box C of a
compound engine constructed substantially

asg specified, a series of valve-chambers 0%

formed in the same casting with the valve-
box and each connected, as by port 02 with

- the steam-supply of the respective eylinders,

25

and each connected by ports O with the valve-
ports- leading, respectively, to the respective
" ends of the two cylinders, and normally-closed

valves O%, seated on each of ports O, all sub: -

stantially as and for the purpose specified.
12. In a compound engine, a starting-valve
G, consisting of differential eylinders P P’;

eylinder P havinga poi't S leading by passage -

T’ to the admission-port of the low-pressure
engine, and cylinder P’ having a port T near

‘its inner end lesding to passage T"and a port

R leading to the steam-supply port of the

30

high-pressure cylinder, and differential pis- -

tons Q Q’, connected together and operating
in the cylinders P P/, substantially as and
for the purpose specified. -

13. In a Cross compound engine, substan-
tially as described, a starting-valve G, consist-
ing-of differential cylinders P P’, eylinder P

‘having a port S leading by passage T’-to the

admission-port at one end of the low-pressure
cylinder, and ecylinder. P’ having a port T
near its inner end leading to said passage T’
and a port Rleading to the steam-supply port
of the high-pressurecylinder, and differential
pistons Q Q" working in the eylinders, as de-
scribed, in combination with a similar valve
G*, the passage T’ of which leads to tle ad-
mission-port at the opposite end of the low-
pressure-cylinder.

- GEORGE S. STRONG.

" Witnesses:
J. W. BEACH, :
JOSHUA MATLACE, Jr.
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