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UNITED STATES PATENT OFFICE. 

EDWARD W. IIARDEN, OF CINCINNATI, OHIO, ASSIGNOR TO FRED C. WEIR, 
OF SAME PLACE. 

COMPOUND ENGINE. 

SPECIFICATION forming part of Letters Patent No. 553,463, dated January 21, 1896. 
Application filed 'pril 8, 1895, Serial No. 544,952, (No model.) 

?o all who 72, it inay concern: 
Be it known that I, EDWARD W. HARDEN, 

residing at Cincinnati, in the county of Ham 
ilton and State of Ohio, have invented certain 

5 new and useful Improvements in Compound 
Engines, of which the following is a specifi 
cation. 
My invention relates to a valve for a com 

pound engine of the type shown in Letters 
Io Patent No. 490,384, granted January 24, 1893, 

and No. 507,433, granted October 24, 1893, 
employing one or more pistons, the faces of 
each piston having different areas, the smaller 
area being acted upon by the high-pressure 

I5 steam, which is compounded onto the larger 
piston area. 
The object of my invention is, first, to pro 

vide a valve controlling the induction steam 
ports of the cylinder, and the high and low 

2O pressure ports for admission and exhaust of 
the cylinder which is provided with cut-off 
Sections controlling each port, and a steam 
port or passage through each cut-off section, 
and a passage on one side of said cut-off sec 

25 tion, thereby forming two supply and two ex 
haust passages through the valve for each 
port; second, to provide a valve for a duplex 
compound engine which has three or more 
cut-off sections, the outside sections control 

3O ling the low-pressure ports and the central Sec 
tion or sections controlling the induction and 
high-pressure steam-ports, each of Said sec 
tions having a port or passage pierced through 
it, and passages through the valve at the side 

35 of Said Sections so that each port has two pas 
Sages through the valve for supplying and 
exhausting steam; third, to provide a valve of 
skeleton form for a duplex compound engine 
with three or more cut-off sections, the cen 

4O tral sections of which are pierced with ports 
Or passages for the passage of the steam, and 
the steam-passage at the side of said sections, 
whereby the high-pressure steam-ports are 
supplied by two steam-passages through the 

45 valve; fourth, to provide a valve with three 
or more cut-off sections the two Outer Sections 
of which control the low-pressure and exhaust 
ports at the end of the cylinder, and have an 
exhaust and Supply passage through said sec 

SO tions, and a Supply-passage for compounding 

on one side of the central position. 

steam at one side, and adapted to exhaust at 
the opposite side of said cut-offsections; fifth, 
to provide a valve controlling the ports of a du 
plex cylinder and piston-engine, which Valve 
has three or more cut-off sections With steam 55 
ports or passages through each of said sections 
for balancing the valve, as well as for operat 
ing as ports to supply and exhaust steam; 
sixth, to provide the cylinder of a compound 
engine with an induction. Or Supply passage in 6O 
the cylinder itself and below the valve-seat 
at one side of or between the high-pressure 
steam-ports of the cylinder and adapted to 
supply steam to a cylinder by a series of pas 
sages through the valve; seventh, to provide 65 
a skeleton valve having cut-off sections for 
different ports of a cylinder, each section being 
provided with steam-passages through it, and 
a passage on one side of each section, which 
are adapted to cover the high-pressure steam 7o 
passages or ports and the exhaust-ports, and 
enabling the same to be used as a variable 
steam cut-off for both the high and low press 
ure parts of the compound piston. 
The features of my invention will be more 75 

fully set forth in the description of the accom 
panying drawings, making a part of this speci 
fication, in which 

Figure I is a central vertical section of my 
improvement in position for use. 
section of the valve and a top section of the 
cylinder, showing the position of the valve 

Fig. 3 is 
a central vertical cross-section of Fig. 1. Fig. 
4 is a plan view of the valve shown in Figs. 85 
1, 2, and 5. Fig. 5 is an enlarged section of 
Fig. 2, but with the valve just commencing 

Fig. 6 is a plan view of the to open the ports. 
Fig. 7 is a plan view upper seat of the valve. 

of the lower seat of the Valve. 
modification of the valve shown in Fig. 2. 
Fig. 9 is an end elevation of the steam-chest 
and top section of cylinder. Fig. 10 is another 
modification of the valve shown in Fig. 2. 
Fig. 11 is a similar view of Fig. 10, showing 95 
the valve in a different position. Fig. 12 is 
a modification of Fig. 10. Fig. 3 is a modi 
fication showing the valve applied to a com 
pound engine of the singie type. 

1 represents a cylinder; 2, the heads thereof; Ioo 

Fig. 2 is a 8o 

Fig. 8 is a 9o 
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3, the collar journal-bearing which serves as 
a partition to divide the central portion of 
the cylinder into two compartments. 
EIH' represent the piston-heads. 
I represents the cylinder interposed be 

tWeen and connecting the heads H H to 
gether. Said cylinder has its bearing in the 
partition 3. 4 represents a piston-rod to 
which the said piston and cylinders are se 
Curely connected. 

Ct represents the high-pressure steam-port 
for the piston H; a', the high-pressure steam 
port for the piston H". 

U represents the low-pressure and exhaust 
port for the piston FI, and b' a similar port 
for the piston H'. 
A represents the live-steam supply and in 

duction port, which is preferably located in 
the cylinder and between the high-pressure 
Steam-ports Cla'. It is shown as placed below 
the valve B instead of above it, chiefly for 
Convenience; but I do not wish to limit my 
invention to this construction, except in 
Clauses of the claim, where the same is made a 
specific element. 

In FigS. 1, 2, 3, 4, and 5 B represents the 
main Valve as constructed for the double com 
pound engine. It is provided with a central 
cut-off section C, which covers porte of the 
Steam-passage in chamber A. Said section 
is pierced to provide a port or steam-passage c. 
D D' represent the ouside cut-off sections. 

They are each provided with ports or passages 
d d". These ports extend the whole length. 
of said sections, as shown in Fig. 4. In order 
to facilitate the passage of steam through said 
ports the faces of the cut-off sections are bev 
eled off on each side at the top and bottom 
thereof. 
The lower valve-seat is formed on the face 

of the cylinder and its upper seat is shown as 
formed on the inside of the steam-chest cover. 
The upper valve-seat is provided with re 
cesses fgh, which are of nearly the same area 
as the respective ports Abb', in the lower 
Valve-seat With which they are in opposition. 
There are provided in the upper surfaces of 
the cut-off sections C D D' suitable packing 
Strips to serve as flexible cut-offs for the re 
cesses fgh and connecting passages of the 
Valve cut-off sections. In order to hold the 
packing-strips in their seats formed within 
the cut-off sections I provide ribs i, as shown 
in Figs. 5 and 6, extending across the said re 
cesses fgh and against which the packing 
strips bear. 
The main valve B is preferably of skeleton 

form, having cut-off sections extending hori 
Zontally across the face of the cylinder, said 
Sections and the seats thereof being horizon 
tal; but I do not wish to limit myself to this 
form of construction, as these sections may 
be of the piston form shown in Fig. 8. 
The Valve packing-strips are to be located 

in the upper face of each cut-off section, one 
to be located on each side of the steam-pas 
Sage pierced through the center of said cut 

553,463 

off section, and the outside edge or portion of 
each packing-strip is to be in line with or op 
posite the lower edge of the cut-off section. 
By this arrangement of packing-strips there 
is formed on the upper surface of each cut-off 
section a flexible cut-off for each recessfgh 
and ports or passages cd d". 
My Valve for the double compound engine 

in the preferred form has only one central 
cut-off section, but may be provided with two 
central cut-offsections CC', as shown in Figs. 
10 and 11. When constructed as shown in 
said figures, the cut-off section C controls the 
high-pressure steam-port Cl, and the cut-off 
section C controls the port Ct. The piston 
form of valve shown in Fig. 12 may also be 
provided with four cut-off sections, two cen 
tral sections II, and two outside piston-sec 
tions J J'. In Fig. 12 the two oustide sections 
J J control the high-pressure and exhaust 
ports, and the central section or sections II 
control the high-pressure steam-ports. 

If it is desired to construct the engine of the 
single compound type, which modification is 
shown in Fig. 13, the valve is provided with 
three cut-off sections the same as shown in 
Figs. 1 and 5, and the cut-off section l simply 
serves to prevent the escape of the steam into 
the chest. The cut-off Section in controls the 
porte of the steam passage or chamber A and 
the high-pressure port in, and the cut-off sec 
tion M controls the low-pressure and exhaust 
port t. The cut-off section M moves forward 
past the port t and the exhaust is outside of 
the cut-off section M. Said section is also 
pierced with a steam-passages, through which 
the supply and exhaust is partly accom 
plished. It will be observed that the sections 
M m are provided with recesses in the same 
manner as shown for the corresponding part 
in Fig. 1. The outer section does not control 
either of the ports and no such recess is re 
quired. It is simply provided to prevent the 
escape of the live steam into the exhaust 
chamber and to form one boundary of the 
steam-passage through the Valve. In the type 
of valve shown herein the steam-chest all 
around the Valve is an exhaust-chamber and 
the live steam. Only Occupies the Space Within 
the Valve and between the outside Sections 
thereof. I have shown the space between the 
cut - off sections as partially filled with 
strengthening-bars O. This is to reduce the 
clearance or amount of steam-space within 
the valve, and passages are formed on each 
side of bars O. These passages must be suffi 
ciently large to allow the steam to readily 
pass through the valve as the respective ports 
are uncovered. 
Mode of operation: The mode of operation 

will be understood by reference to Fig. 5 of 
the drawings. The valve is shown as having 
moved off of the center toward the left and 
is taking steam from port e through the pas 
Sage c of the cut-off section C. It passes 
thence into the recessf to the valve-seats, and 
thence down between the cut-off section and 
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the bar O to the high-pressure steam-port ca', 
and live steam is also passing from the port 
e outside of the cut-off section to said port a', 
as indicated by arrows. Portb' is exhausting 
steam outside of the cut-off section D", as in 
dicated. Port C is conveying steam for com 
pounding direct to port b, as well as through 
the passages d, as indicated in arrows. Of 
course when the valve moves in the opposite 
direction a similar action takes place, except 
that the high-pressure steam is admitted onto 
the Smaller area of the opposite piston and 
being compounded upon the larger area of 
the opposite piston. The operation of the 
otherform of valve is analogous to this except 
in a valve having four cut-offsections instead 
of three, each high-pressure port is being 
controlled by its respective cut-off section in 
stead of having one cut-off section common 
to the two ports. In the modification shown 
in Fig. 13 the live steam is used on the face 
of the smaller piston area to propel the piston 
in One direction, and it is propelled in the op 
posite direction solely by compounding the 
steam from the smaller area onto the oppo 
site face of the larger area piston, so that the 
forward stroke of the piston is made by the 
high-pressure steam and the return stroke by 
the compounding of the low-pressure steam. 

I obtain very important advantages by em 
ploying a main valve pierced with passages, 
One through the cut-off section and the other 
passage at the side thereof, as I obtain a full 
port- opening for one-half the distance of 
valve travel over what could be obtained by 
having a steam-passage at only one side of 
the cut-off section. By this form of construc 
tion the valve is practically balanced under 
pressure in all positions. By the construction 
herein shown I am enabled to obtain any de 
sired amount of variable cut-off for both the 
high, low, and exhaust ports, and I am en 
abled to use my valve with the compound type 
of engine at one-fourth cut-off and obtain the 
required amount of steam expansion. 
The construction of the valve and ports is 

such that the steam is quickly admitted onto 
the face of the piston and freely exhausted 
by reason of the plurality of steam-passages, 
and in consequence I am enabled to use cyl 
inder-ports of large area, obtaining a maxi 
mum amount of Steam to the minimum 
amount of Valve-movement. 
By making the steam-chamber in the cyl 

inder below the valve and an induction-port 
leading therefrom upwardly into the valve 
chamber I obtainimportant advantages. The 
live-steam chest is formed wholly within the 
cylinder and between the cut-off sections of 
the valve. The steam-chest or valve-chamber 
cover forms the upper bearing-seat of the 
valve and it can be taken off and the valve adjusted without disturbing the steam-pipes. 
Again, the valve is balanced in the chest and 
is surrounded only by the exhaust-steam and 
no downward pressure except in the recesses 

of the valve-seat opposite to and balanced by 
the cylinder-ports. 

I claim 
1. The combination with the cylinder of a 

compound engine, and a piston the faces of 
each side of which are of different areas, and 
working in said cylinder which is provided 
with an induction steam port, a high pressure 
port and a low pressure and exhaust port, of 
a valve having a cut-off section with a steam 
passage through it, and a steam passage. On 
one side thereof, taking steam from the same 
supply port and controlling the induction and 
high pressure ports, and a cut-off section. With 
steam passage pierced through it and steam 
passages on both sides thereof for controlling 
a low pressure and exhaust port, and a steam 
chest recessed to provide communication be 
tween the steam passages of each cut-off sec 
tion, substantially as specified. 

2. In a compound engine, the combination 
with a piston the opposite faces of which are 
of different areas, and a cylinder having an 
induction steam port below the valve seat and 
a high pressure port and a low pressure and 
exhaust port, of a steam chest and a valve lo 
cated therein, the said valve having a cut 
off section pierced with a steam supply pas 
sage and a cut-off section pierced with a steam 
passage for controlling low pressure and ex 
haust, and the said steam chest being pro 
vided with a recess in the valve seat opposite 
the induction port and a recess in the Valve 
seat opposite the low pressure and exhaust 
port, substantially as specified. 

3. In a compound steam engine composed 
of a duplex cylinder provided with duplex. 
piston, the oppositefaces of each side of which 
are of different areas and Working in the same 
cylinder, a high and low pressure port for 
each section of the cylinder and an induction 
port common to both cylinder sections, the 
combination with said ports, of a steam chest, 
and a valve located therein having tWO Out 
side cut-off sections controlling the low press 
ure and exhaust ports, and a central cut-off 
section having a central steam passage and a 
steam passage at one side thereof for con 
trolling the induction port and the high press 
ure ports of each cylinder section, the said 
valve chest having a recess in the upper Valve 
seat opposite the high pressure port to pro 
vide communication between the steam pas 
sages of said central cut-off section, substan 
tially as specified. 

4. In a compound steam engine composed 
of a duplex cylinder provided with duplex 
piston, the opposite faces of each side of 
which are of different areas and Working in 
the same cylinder, a high and low pressure 
port for each cylinder section and a steam 
chamber having an induction port between 
the high pressure ports and common to both 
of said ports, and a low pressure and exhaust 
port at the end of each cylinder section, the 
combination with a steam chest provided with 
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recesses f, g, h, of a valve located in said chest 
and provided with two outside cut-off sec 
tions, a central cut-off section, a steam pas 
sage through each of said cut-off sections, and 
steam passages at each side thereof, substan 
tially as specified. - 

5. In a compound steam engine the combi 
nation of a duplex cylinder provided with 
ports and a duplex piston, the opposite faces 
of each side of which are of different areas, a 
valve chest having an upper valve seat pro 
Vided With recesses opposite the high press 
lure ports of the cylinder, a valve located in 
said chest, and having central cut-off sections 
pierced with steam passages communicating 
With the recesses in the upper valve seat for 
Controlling the high pressure steam ports of 
the cylinder, and outside cut-off sections for 
controlling the low pressure and exhaust 
ports, substantially as specified. 

6. The combination with a duplex cylinder 
for a compound engine having a duplex pis 
tOn the opposite faces of which are of differ 
ent areas and provided with a steam supply 
chamber in the cylinder, an induction port 
leading to the steam chest, a high pressure 
port for each cylinder section outside of the 
induction port, an outer low pressure and ex 
haust port in each of the cylinder sections 
adapted to exhaust into the steam chest, of a 
steam chest having recesses in the upper 
valve seat opposite each cylinder port, and a 
Valve having two outside cut-offsections and 
a central cut-off section each pierced with 
steam passages communicating with a recess 
in the upper valve seat, for controlling the 
Said cylinder ports, substantially as specified. 

7. The combination with a compound steam 
engine, composed of a cylinder employing a 
piston the opposite faces of each side of which 
are of different areas, and working in the 
same cylinder, which cylinder is provided 

45 

with an induction port, a high pressure port, 
and a compound and exhaust port, of a skele 
ton Valve provided With a cut-off section con 
trolling each cylinder port, and each of which 

is pierced with a steam passage and a stealm 
passage at each side thereof, and a stealm. 
chest recessed to correspond with the steam 
passages of the cult-off sections, whereby a 
double admission and exhaust passage is pro 
vided for each port through the valve, sub 
stantially as specified. 

S. The combination. With the steam chest 
having recesses f, g, h, in its upper valve 
face, the duplex cylinder having ports oppo 
site said recesses, and a duplex piston the 
opposite faces of each side of which are of 
different areas and working in the same cyl 
inder of a skeleton valve having two outside 
cut-off sections and one or more central cut 
off sections which are divided or pierced to 
form a passage through each of said cut-offsec 
tions, and packing strips located in the upper 
faces of said cut-off sections at the sides of 
said passages and adapted to serve as flexible 
cut-offs for the said recesses and passages, Sub 
stantially as specified. 

9. In a compound steam engine, the combi 
nation of a duplex cylinder having a high 
pressure port and a low pressure port for each 
cylinder Section, a duplex piston the opposite 
faces of each side of which are of different, 
areas, Working in said cylinder, a steam chest 
having in its lower valve seat an induction 
steam port and provided in its upper valve 
seat With combined balance and steam sup 
ply recesses located opposite the low pressure 
cylinder ports, and a single valve located in 
said steam chest and having two outside cut 
off sections controlling the low pressure ports 
and the recesses opposite thereto and one or 
more central cut-off sections controlling the 
induction port and high pressure ports, sub 
stantially as specified. 
In testimony whereof I have hereunto set 

my hand. 
EDWARD W. HARDEN. 

Witnesses: 
W. R. WoOD, 
E. E. WOOD. 
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