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To (22 Luhon, it invazy concern: 
Beit known that I, GEORGES. STRONG, a 

citizen of the United States, residing in the 
city, county, and State of New York, have 
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invented a new and useful Improvement in 
Steam-Engines, of which the following is a 
true and exact description, reference being 
had to the accompanying drawings, which 
form a part thereof. 
The invention relates to compound steam 

engines, though many of my improvements 
are applicable to engines where the steam is 
not expanded in a low-pressure cylinder after 
being used once at a high pressure, and has 
for its general object to improve and simplify 
the construction of this class of machinery. 
My invention will be best understood as 

expained in connection with the accompany 
ing drawings, in which— 

Figure 1 is a front view, in vertical sec 
tion, of a compound engine embodying my 
invention. Fig. 2 is an enlarged view of the 
cylinders and the valve for governing the ad 
mission and exhaust of motive fluid thereto, 
showing the valve at the other extremity of 
its path from that which is shown in Fig. 1; 
and Fig. 3 is a vertical section on the line acac 
of Fig. 1. 
F is a frame on which is supported the 

shaft S of the machine, the bearings F, and 
also the cylinders and other operative parts 
of the engine. 
C C' is a casting, preferably formed in one 

piece, and forming cylinders c c' and a valve 
chamber or casing M. Cylinder-castings C° 
and Care arranged over the cylinders c c', 
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respectively, and are adapted to fit in and 
form the heads of said cylinders, the casting 
C° being provided with a flange d and the 
casting C with a flanged, whereby they may 
be bolted securely to the casting C. C. Cyl 
inders cc, preferably of the same size, are 
formed by the castings C°C9. 
A is a piston adapted to fit in the cylinder 

C and is provided with a trunk a, adapted to 
fit in the cylinder c, and also with a trunka", 
preferably of the same size as the trunk a, 
adapted to project in the opposite direction 
from said trunka and serve as a cross-head. 
A piston A", having a similar trunk a adapt 
ed to serve as a piston and a trunk cadapted. 

to serve as a cross-head, is arranged in cyl 
inder c". 
As best shown in Fig. 1, pins g are fitted 

in the trunks a? a, on which are pivoted rods 
G G, which serve to connect the trunk exten 
sions a? a, each with a crank S on the shaft 
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S. It will therefore be seen that the trunk 
extensions a and a serve as the piston-rods 
of ordinary engines and also as cross-heads. 
To guide these cross-head trunks a? a, I pro 
vide sleeves H, which are secured to the cyl 
inders either directly or to necks, as cc, 
formed on said cylinders. These sleeves are 
made removable, so that when the piston is 
at its lowest position, as shown to the right 
of Fig. 1, the cross-head pin can be conven 
iently removed for the purpose of discon 
necting the rod G from the cross-head trunk 
by simply removing the sleeve. These sleeves 
H are of such a length that they prevent the 
springing out of the packing-rings r, ar 
ranged in grooves in the trunks at a, even 
when these trunks are in their lowermost po 
sition. 
The trunks aa are, as has been said, pref 

erably of the same size, and the trunks at a 
are also the same size as the upwardly-pro 
jecting trunks. The upwardly-projecting 
trunks are adapted to serve as high-pressure 
pistons and the piston A as an intermediate 
pressure piston, receiving its supply of steam 
from the exhaust of the cylinders c c, and 
the piston A' is driven by the exhaust-steam 
from the cylinder c and serves as a low-pres 
sure piston. 
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The areas on both sides of the 
piston AA’ are the same, since the trunks C. 
a' and Cia are of the same area, and these 
pistons are double-acting, while the high-pres 
sure pistons are single-acting. 
N is the live-steam entrance-port, from 

which steam flows through passages oo into 
the high-pressure cylinders. O p are steam 
conduits leading to the top and bottom of the 
cylinder c, and o' p' similar conduits leading 
to the top and bottom of the cylinder c'. 
W is a single valve which controls the pas 

sage of steam to and from all the cylinders, 
and is very conveniently operated from an ec 
centric e on the main shaft S by means of a 
strap e' and a connecting-rod eº, which is se 
cured to the valve by means of a pine. This 
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valve I preferably so construct that any tend 
ency of the valve to move, due to the weight 
of its operating connections as Well as its own 
weight, if arranged vertically, will be counter 
balanced by the pressure of steam, and to this 
end I form guides, preferably cylindrical, as 
shown at e” e', and provide pistons V’ V*, se 
cured to the valve, which fit in the guides. 
As shown, these pistons are formed integral 
with the body of the valve. The piston Vis 
made sufficiently larger than the piston V", so 
that the steam - pressure will support the 
weight of the valve and its connections in 
stead of Supporting them, as is usual, on the 
eccentric. Instead of supporting the valve 
by means of the live steam. I prefer to do so 
by the exhaust from the high-pressure cylin 
ders, and to this end I form the valve tubular, 
and form openings ' ', whereby the steam 
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escaping from the high-pressure cylinders ex 
hausts into the chamber Y on the inside of 
the valve. The exhaust-steam exerts pres 
sure on the pistons V* V', and thereby tends 
to raise the valve, as has been explained. 
As the valve V is rather long and the cham 

ber Y inside of considerable size, this cham 
ber forms a receiver for the exhaust-steam 
from the high-pressure cylinders, and it will 
be noted (see Figs. 1 and 2) that the ports o° 
oº, which lead to the cylinders cº cº, are un 
covered to permit the steam to exhaust from 
these cylinders before the ports o p are un 
covered to allow the steam to flow to the cylin 
der c. In the construction of this valve shown 
it consists of a number of pistons VV, &c., 
which form passages N° N, &c., between 
them, and has openings, as shown at 2; ' ', 
for the entrance and escape of steam to and 
from its interior chamber. 

I preferably operate the valve indirectly 
from the eccentric e by means of the link it 
and blockt". Tis a governor adapted to shift 
the block t in the link t, so as to adjust the 
throw of the valve. W is a suitable casing, and h” hoiling-tubes. 

It will be noted, as best shown in Figs. 1. 
and 2, that the castings C project somewhat 
into the cylinders c c', and in order to bring 
the steam in at the heads of these cylinders 
I form openings or passages ool, (see Fig. 
2,) which form continuations of the conduits 
O o', as shown. The heads DD of the cyl 
inders c*c?Ialso provide with passages o' o', 
which are continuations of the conduits oo, 
and I provide these heads with flanges DD1, 
which are adapted, when the cylinder-cast 
ings are in position, to a but against flanges 
U' U on the valve-casing M, whereby the 
heads may be secured to the valve-casing. 

It will be noted in my construction that by 
unbolting the flanges UD18 and U' D1 and 
by unbolting flanges dº dº the high-pressure 
cylinders can be entirely removed without 
disturbing the valve-casing or the interme 
diate or low-pressure cylinders, and also that 
by removing the sleeve II", which forms the 
cylinder eat the lower part of the valve, re 

moving the pine, and taking off the cap U' 
on the top of the valve-casing the Valve can 
be withdrawn without disturbing any of the 
cylinders when it is desired to remove the 
valve or the bushing M'. 
The frame of the machine preferably form 

with a base, as F, on which the bearings F. 
are supported, and a plate, as F, on Which the 
cylinders are secured. To connect these two 
parts firmly, I arrange columns F, which I 
preferably make hollow, so as to gain stiffness 
with as little weight as is necessary. I have 
indicated the hollow character of the columns 
by dotted lines at f', Fig. 1. 
The open spaces between the columns I 

preferably close by means of plates F, piv 
oted at f', and at the ends, where a space F. 
is provided in the frame of sufficient size to 
admit the shaft and cranks, I provide end plates F. 
In order to balance the engine, I make the 

piston A", which of course is larger than the 
piston A, of the same weight as this piston. 
This reduction of weight may conveniently 
be effected by coring out the larger piston. 
The cranks S'S', to which the connecting 

rods G. G. are secured, are arranged at an an 
gle to each other. In the construction shown, 
where two pistons are employed side by side, 
the cranks would of course be arranged at 
an angle of one hundred and eighty degrees 
one to the other, and therefore the two pis 
tons A A' balance each other and the Weights 
S* have simply to counterbalance part of the 
weight of the connecting-rods G G and the 
cranks S. 
This construction of course is applicable 

not only to an engine similar to the particu 
lar one shown, but also to any compound en 
gine where different-sized pistons operate on 
the same shaft, and consists, broadly, in mak 
ing such different-sized pistons of the same 
weight and connecting them to cranks set at 
a proper angle to each other. 

It will be noted that by my construction a 
very evenly-running engine is produced, the 
two pistons mutually counterbalance each 
other, and the weight of the valve is substan 
tially sustained by steam-pressure; also, it 
will be noted that One of the cross-head trunks 
emerges from its inclosing cylinder just as 
fast as the other trunk recedes into its cylin 
der, and as these trunks are of equal size 
there will be no pulsations such as are often 
occasioned by the rapid movement of a piston 
rod into and out of the cylinder. 
In operation high-pressure steam enters at 

N, and in the position of the valve shown in 
Fig. 1 it flows through conduit o°into the top 
of the cylinder candacts on the piston formed 
by the trunk a, which is just starting on its 
doWinWard stroke, at the same time steam is 
escaping from the cylinder c through the 
passage o' and openings v into the interior 
chamber Y of the valve. From the receiver 
formed by this interior chamber of the valve 
Steam escapes through openings v' and pas 
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sage O into the upper part of the cylinder c, 
where it is acting to drive down the piston 
A, acting in the same direction as the high 
pressure steam on the top of the trunk a. 
Steam is escaping from the lower part of the 
cylinder c through the passage p, across the 
space N, formed between the pistons WW of 
the valve, and through the passage p' into the 
lower part of the cylinder c', thus raising the 
pistonA'. Steam at the same time is escaping 
from the upper part of the cylinder c' through 
the passage o' and out through the exhaust 
paSSage g. 
The pistons A A' and their trunk exten 

sions make their stroke, the piston. A moving 
to the bottom of its cylinder and the piston 
A rising to the top of the cylinder c', as 
shown in Fig. 2. The valve V at that time 
has changed its position, as shown in said fig 
ure, and the high-pressure steam from the 
entrance N is passing into the top of cylinder 
c. Steam is exhausting from the top of cyl 
inder c into the interior of the valve through 
apertures y' and escapes from the interior of 
the valve through apertures and passage 
p into the bottom of cylinder c. Steam is ex 
hausting from the upper part of cylinder c, 
across passage N, through passage o into the 
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top of cylinder c', and the steam from the 
bottom of said cylinder is exhausting through 
passage Q to the final exhaust Q. (Best 
shown in Fig. 3.) 
While I prefer to use the whole engine, as 

shown, it is evident that some parts of my 
engine may advantageously be used in other 
connections than those which are specifically 
shown. - 

Having now described my invention, what 
I claim as new, and desire to secure by Letters 
Patent, is 

1. In a compound engine two pistons AA' 
of different sizes adapted to serve as inter 
mediate and low-pressure pistons, trunks at a 
of substantially the same size projecting one 
from the piston A and the other from the 
piston A' and adapted to serve as high-pres 
sure pistons, trunks at a of the same size as 
the trunksa a projecting in the other direc 
tion and adapted to serve as cross-heads, 
suitable cylinders for said pistons and means 
for admitting steam to and permitting its 
exhaust from the various cylinders. 

2. In a compound engine, two pistons AA' 

of different sizes adapted to serve as inter 
mediate and low-pressure pistons, trunksaa 
of substantially the same size projecting, One 
from the piston A and the other from the 
piston A' and adapted to serve as high-pres 
sure pistons, trunks a? a of the same size as 
the trunks aa projecting in the other direc 
tion and adapted to serve as cross-heads, 
suitable cylinders for said pistons, ports for 
steam leading to the cylinders and a single 
valve for covering and uncovering these ports 
to govern the admission and exhaust of steam. 
to and from the cylinders. - 

3. The combination in a compound steam 
engine of two high-pressure single-acting pis 
tons, a double-acting intermediate piston ar 
ranged tandem With One of said high-pres 
sure pistons, a double-actinglow-pressure pis 
ton arranged tandem with the other high 
pressure piston, a tubular valve having a pas 
sage Nadapted to connect a live-steam port 
N alternately with steam-conduits o°o lead 
ing respectively to one end of the cylinders 
cc which inclose the high pressure pistons, 
an opening or openings for admitting the 
steam exhausted from these cylinders c c 
into the tubular interior of the valve, open 
ings for permitting the escape of steam from 
the interior of the valve alternately into the 
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top and bottom of the double-acting inter 
mediate cylinder, and passages Nº Nº for con 
ducting the steam exhausted from the inter 
mediate cylinder alternately into the top and 
bottom of the low-pressure cylinder and for 
permitting its final exhaust. 

4. In a compound engine, two cylinders c c. 
arranged tandem, two cylinders c' calso ar 
ranged tandem, double-acting pistons A A' 
adapted to reciprocate in the cylinders c c' re 
spectively, a single-acting trunk-piston alºse 
cured to the piston A and operating in the cyl 
inder c, a trunk secured to the piston A' and 
operating in the cylinder c, and means for 
admittinglive steam to the cylinders cºcº con 
ducting the steam once expanded in these 
cylinders to the cylinder c and from this cyl 
inder after the second expansion to the cyl 
inder c'. 

.GEORGE S. STRONG ?. 

Witnesses; 
HENRY J. PACK, 
EDW. F. AYRIES. 
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