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To all typhi, ???, i? ??? ????ce7°?,: 
Be it known that I, JoHN W. MILLER, a 

citizen of the United States, residing at Chi 
cago, in the county of Cook and State of Illi 
nois, have invented a certain new and useful Improvement in Cylinder-Compression-Re 
lief Valves, of which the following is a specifi 
cation . 

? ? 

My invention relates to steam-engines, and 
particularly to means for relieving the com 
pression in a steam-engine cylinder at the end 
of the stroke of the piston. 
The object of my invention is to provide 

mechanism by means of which the compres: 

, 2 ? 

sion or back pressure which occurs in any steam-engine cylinder after the exhaust-port 
is closed and before the piston reaches the 
end of its stroke may be automatically re 
lieved, thereby doing away with the danger 
of the cylinder-head blowing out or other 
parts of the mechanism being broken, as fre 
uently occurs. The occasion for the use of 

the invention arises principally when the 
steam is cut off in the cylinder before the pis ton reaches the end of its stroke and is used 
expansively in the cylinder from that point 
to some otherpredetermined point in the cyl 
inder. 
My invention, broadly stated, consists in 

the use of a compression-relief valve nor 
mally held closed by the pressure of live 
steam which is adapted when the live-steam 
pressure is removed to be opened by the com 
pression-pressure in the cylinder and allow 

35 that compression-pressure to escape, thereby relieving the cylinder from all strain due to, 
i such back pressure or compression. 

My invention further consists in the details 
of the valve itself and in other features, which 
will be hereinafter more fully described and 
claimed as the specification proceeds. 
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The valve of my invention may be applied 
to any form of engine-cylinder and steam 
valve mechanism by making connections at 
the proper places, as will readily appear to 
any one familiar with the different types of 
such engines, and I have in the drawings 
shown the device applied to a simple slide 
valve engine for the purpose of illustrating 
the connection of my relief-valve to one form 
of engine; but I do not thereby intend to 
limit myself to the application of the device 
to this or any particular form of engine con 
struction except as the same may be specific 
ally limited in the claims. 
As is well understood in the engine art, 

there are two ways in which steam may be 
used in a cylinder-first, full-stroke direct 
pressure, and, second, the expansion method. 
In the first live steam is admitted to one end 
of the cylinder throughout the entire length 
of the stroke of the piston, the exhaust-port 
at the opposite end being wide open. There 
is therefore no compression or back pressure 
in the cylinder to resist the forward pressure 
of the steam, and consequently no back pres 
sure or compression occurs, and my device is 
of no use here. In the second method steam 
is admitted to the cylinder while the piston is 
moved a certain distance and is then cut off, 
the steam within the cylinder being allowed 
to expand to drive the piston farther along 
the cylinder, the exhaust-valve at the oppo 
site end being open. 

???? to the end of the cylinder before the ex 
aust-valve at the opposite end is closed could be practically designed, there would be 
no compression or back pressure and no cause 
for my device; but when in practice steam expansion is sought beyond a certain point in 
the cylinder (obtained by adding inside lap in 
a plain slide-valve engine) the exhaust-port in 
the end of the cylinder to which the piston is 
moving is necessarily closed, with the result 
that steam, air, or gas remaining in that end 
of the cylinder is compressed, thereby creat 
ing compression or back pressure in that end 
of the cylinder, which negatives the effective 
force of the expanding steam and at the same 
time is apt to blow out the cylinder-head or 
otherwise injure the engine. My device is de 
signed to do away with this back pressure or 
??? ????????????? in any and all forms of engine in 
whic it may occur. For the purpose of 
illustration merely I have shown it applied to 
a ? slide-valve engine having inside lap. With the understanding above noted, Fig 
ure 1 is a central sectional detail view on the 
engine-cylinder having the valves of my in 
yention applied thereto, the slide-valve being 
in a position where steam is just being admit 
ted to the left-hand end of the cylinder. Fig. 
2 is a central sectional detail view of the re 
lief-valve of my invention, taken on line 2 of 
Fig. 1. Figs 3 and 4 correspond with Fig. 1, 
except that in Fig. 3 the valve and piston are 
shown at cut-off position and in Fig. 4 they 
are shown in the position where the exhaust 
port is closed and compression begics at the 
right-hand end of the cylinder. 

Again referring to the drawings, the nu 

7 ? 

If an engine-valve is 
used which will allow the steam to thus ex 75 

9o 
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ting steam within it in the space 21. 

2 ? 
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meral 11 indicates the cylinder, closed by 
heads 12 and 13. In the cylinder is a piston 
14 on a piston-rod 15, adapted to slide back 
and forth through a stuffing-box 16 in the 
cylinder-head 13. This piston-rod is con 
nected beyond the figure to the cross-head, 
which is in turn connected to the drive 
wheels of a locomotive or the fly-wheel of a 
stationary engine. Above the cylinder is 
the steam-chest 20, having means for admit 

At each 
end of the cylinder is the usual port or pas 
sage-ways 22 and 23, entering the steam 
chest 20 at points 24 and 25, near the middle, 
as shown. Between these ends or ports 24 
and 25 there is cut in the top of the cylinder 
an exhaust passage or port 27, as shown. 
Slidably mounted within the steam-space 21. 
and adapted to slide backward and forward 
on the surface or seat 30 on the top of the 
cylinder and also adapted to slide upon the 
surface 31 upon the under side of the steam 
chest 20 is a slide-valve 33, mounted upon a 
valve-rod 34, passing through the stuffing 
boxes 35 in the end of the steam-chest. This 
valve has in its under side an opening 40 of 
such a length that in one position it affords 
an opening between the steam-passage 24 
and the exhaust-port 27, the solid parts or 
valve-faces 42 and 43 of the valve closing the 
opposite steam-passage 22 or 23 from the one 
which is opened. As is well known in this 
form of valve, the 'inside lap' of the valve 
is produced by adding to the inside edges of 
the solid parts or faces 42 and 43, or, in other 
words, making the distance 40 between them 
less than the distance between the two inside. 
edges of the steam-ports. Assuming now 
that this engine is used without my device, 
steam is first admitted through chest 21 and 
passage 22 to the space 45, Fig. 1. The di 
rect pressure of the steam moves the piston to 
the position of Fig. 3, space 45 being full of 
live steam. In this position the slide-valve 
33 closes port 22, and the steam in 45° is “cut 
off' and ready to expand to volume 45°. 
When the piston reaches this position, the 
face 43 of valve 33 closes port 23, thereby 
confining air, gas, or steam in the space 46, 
with the result, that harmful back pressure 
or compression, as heretofore described, is 
produced in space 46 and continues until 
the piston reaches the right-hand end of the 
cylinder. When the piston goes back to 
starting position, compression is produced in 
space 45 in the same way. As heretofore 
described, the object of my invention is to 
provide a valve to relieve this compression. 
In order to do this, I provide two valves 
such as are illustrated in Fig. 2 and connect 
them to the cylinder in the manner shown in 
Fig. 1. The valve consists in a shell or cas 
ing 60, having at its botton a pipe 6 con 
nected to the end of the steal - cylinder. 
The upper end of this pipe terminates in the 
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horizontal valve-seat 62 within the casing. 
At right angles to this valve-seat 62 is an 
other pipe 64, connecting with an annular 
space 65 within the valve and open except, 
as hereinafter described, to the pipe 61, 
which is one exhaust-pipe from the cylinder. 
Vertically slidably mounted inside the casing 
60 is a differential valve 66, having two pis 
tons 67 and 68, the lower piston 67 being 
Smaller than the upper and adapted to slice 
up and down in the bearings 69, making a 
tight joint therewith by means of the pack 
ing-rings 70. This valve is adapted to rest 
at 71 on the valve-seat 62, thereby, as shown, 
closing the communication between the pipes 
61 and 64. The upper piston 68 is adapted 
to slide up and down in the portion 75 of the 
casing and is packed in contact there with by 
the packing-rings 76. Entering the side of 
the casing 60 above the piston 62 is a pipe 78, 
normally connected to the steam-chest of the 
engine, as shown in Fig. 1, so that steam may 
be admitted into the space 80 between the 
top of the piston 62 and the cap 81, screw 
threaded at 82 into the top of the casing 60. 
This cap may be constructed to be bolted on, 
if desired. In the cap 81, screw-threaded at 
84, is a rod 85, adapted to be held in position 
by a check-nut 86. On the lower end of this 
rod 85 is a head 88, adapted to bear against a 
projecting lug 89 on the top of the piston 6S 
of the valve 66. By adjusting this head SS 
up or down by means of the rod S5 and 
check-nut 86 I can vary the distance which 
the piston 66 can move up and down from 
the valve-seat 62. This adjustment, how 
ever, should always be such that the space S() 
above the valve 66 always exists-in other 
words, so that the top of the piston (6S can 
not come in contact with the bottom of the 

rom an inspection of Fig. 2 it will be seen 
that if steam is allowed to pass through the 
pipe 78 into the space S0 it will hold the valve 
66 down upon the valve-seat 62 against an 
equal pressure per square inch of steam in the 
pipe 61, bearing against the under side of the 
piston 69, but that if the steam-pressure in the 
{?? S0 is reduced or removed, the pressure in the pipe 61 remaining the same, it will raise the 
valve 66 a distance equal to the distance be 
tween the parts 88 and S9, heretofore de 
scribed, and allow the steam, air, or gas in 
the pipe 61 to pass between the valve-seat (32 
and the lower end 71 of the piston 67 through 
the passage - way 64 out into the air. 
the cylinder as shown and so arrange the 
top plates 100 and 101 of the valve 33 that 
steam is admitted in the position of Fig. to : 
the pipe 78 iust an instant, before it is admit 
ted through the passage-way 22 to the space 
45 in the cylinder, from which it follows that 
during the time the live steam is in spaces 45 
and 45 the valve 66 is held down against the 

7 o 

75 

90 
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In practical operation I connect the device to 
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valve-seat 62 and none of the live steam can 
escape through the pipe 61 over the valve 

I. ? 

seat 62 and out of the pipe 64. While these 
conditions prevail at the right-hand end of 
the cylinder in Fig. 1 the relief-valve at the 
left hand of the cylinder has its steam-valve 
78 open, via the space 105 and ports 106, to 
the exhaust-port 27, so that there is no pres 
sure upon the top of the piston 68 in that 
valve. When expansion in the main cylin 
der begins, as shown in Fig. 3, the passage 
way 100 still remains open, so the left-hand 
valve 66 still is held closed until the pressure 
in the cylinder is considerably reduced. 

2 ? 

When now the piston has moved to the posi tion of Fig. 4 and compression begins, as 
heretofore described, in the space 46, the 
compression air or gas in that space imme 
diately raises the valve 66 in the right-hand 
compression-valve of Fig.1 and allows that 
air or gas to escape through the pipe 130 into 
the ex aust-pipe 27, and thereby absolutely 

25 
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lower end 120 of the valve-stem 121. 
this case the water drains down into the 

relieve the cylinder from the compression. 
When the piston reaches the extreme right 
hand end of the cylinder, all of the parts are 
in the reversed position from that shown in 
Fig. 1 and steam is admitted to the {(?? of 
the right-hand relief-valve, while the left 
hand one has its steam-pipe 78 open to the 
exhaust, the same as the right one has in Fig. 
1, and the operation is repeated as the piston 
moves back to its original position, the left 
hand relief-valve allowing the compression 
which then occurs in the space 45 to escape into the pipe 27through the left-handpipel30. 

In order to provide that no water shall col 
lect in either relief-valve, I provide two sys 
tems of drainage, one consisting of a ball 
valve 110, lying in a recess 111 and adapted 
to allow the passage 112 to remain open when 
there is no steam-pressure in the space 80 and 
to close that passage-way 112 when steam 
passes from the passage or space 80 through 
the pipe 113 against the ball 110. I also pro 
vide a pistoni - valve 116, having serrated edges 117, through which water may pass 
from the space 80 when the valve is lifted off 
from its seat 118 by the action of steam or 
gas from the pipe 61 bearing against t??? 

?). 

space 122 surrounding the valve 66 and 
passes out through the openings 123. As 
the top of this valve 117 is larger than the 
area of the bottom 120 exposed to the pres sure in the pipe 161, this valve is always 
closed in exactly the same way that the main 
valve 66 is closed when live steam is in space 
80, as heretofore described. vn By the use of my valves it is possible to in 
crease both the 'inside' and “outside' lap of the main valve, and thereby greatly in 
crease the expansion range of the engine.' 
As heretofore stated, I do not wish to be 

limited to the application of my valve to any 

3. 

articular form of engine, nor do I intend to 
E. myself to exact forms of valve shown 
and described. For convenience the inven 
tion has been described throughout the speci 
fication as one relating to a steam-engine; 
but manifestly air or some other gas may be 
used in place of steam without departing 
from my invention. By defining the supplemental relief-valve 
as connected to the cylinder or to one end of ; 
the cylinder I do not mean that it shall be 
connected directly to the cylinder in the man 
ner shown. It may be connected as a branch 
of any pipe or passage leading from the cylin 
der -as, for instance, the passage 22 or 23. Having thus described my invention, what 
I claim as new, and desire to secure by Let 
ters Patent, is- . . . 1. In combination with an engine having a 
cylinder, a piston and piston-rod in the cylin 
der, and valve mechanism to control the ad 
mission and exhaustion of steam to and from 
the cylinder; a supplemental valve connected 
to the cylinder adapted when opened to allow 
the gas within the cylinder to exhaust, adapt 
ed to be opened by pressure of gas in the cyl 
inder, '? mechanism connecting said sup 
plemental valve with the main-valve ?????? - 
anism adapted to hold the supplemental 
valve closed during the portion of the engine 
stroke that steam is working in the cylinder 
and to release the supplemental valve during 
the remainder of the stroke of the engine. 

2. In combination with an engine having a 
cylinder, a piston and ? in the cylin 

90 

95 

OO 

der, and valve mechanism to control the ad- ; 
mission and exhaustion of steam to and from the cylinder; an independent exhaust-pipe at 
or near one. end of the cylinder, a valve in 
said exhaust-pipe normally closed but capa 
ble of being opened by the pressure of steam, 
air or gas passing from the cylinder through 
the said exhaust-pipe and mechanism con 
necting said supplemental valve with the 
main-valve mechanism of the engine adapted 
to hold the supplemental valve closed thereby 
closing the independent exhaust-pipe during 
the time steam is working in the portion of 
the cylinder adjacent to the exhaust-pipe. 

3. In combination with an engine having a cylinder, a piston and piston-rod in the cylin 
der, and valve mechanism to control the ad 
mission and exhaustion of steam to and from the cylinder; an independent exhaust-pipe at 
or near one end of the cylinder, a valve in 
said exhaust-pipe normally closed but capa 
ble of being opened by the pressure of steam, 

O 

II 5 

| 2 ? 

air or gas passing from the cylinder through 
the said exhaust-pipe and mechanism con 
necting said supplemental valve with the 
main-valve mechanism of the engine adapted 
to hold the supplemental valve closed thereby 
closing the independent exhaust-pipe during 
the time steam is working in the portion of 
the cylinder adjacent to the exhaust-pipe 

I 25 
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and to release the supplemental valve during 
the remainder of the stroke of the engine. 

4. In combination with an engine having a 
cylinder, a piston and piston-rod in the cylin 
der, and valve mechanism to control the ad 
mission and exhaustion of steam to and from 
the cylinder; another exhaust-pipe at or near 
one end of the cylinder, a supplemental valve 
mounted in the said exhaust-pipe, said valve 
being normally closed but adapted to be 
opened by the pressure of air, gas or steam 
assing from the cylinder through said ex 
aust-pipe, and a steam-pipe so connecting 

the supplemental valve with the main-valve 
mechanism that live steam holds the supple 
mental valve closed during the portion of the 
piston-stroke that steam is working in the 
part of the cylinder adjacent to the supple 
mental valve. 

5. In combination with an engine having a cylinder, a piston and piston-rod in the cylin 
der, and valve mechanism to control the ad 
mission and exhaustion of steam to and from 

25 
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the cylinder; an independent exhaust-pipe 
leading from at or near one end of the cylin 
der, a supplemental valve mounted in said 
exhaust-pipe adapted to be opened by the 
pressure of steam, air or gas passing from the 
cylinder through said exhaust-pipe to allow 
said gasesto escape, and a steam-pipeso con 
nected with the supplemental valve and with 
the main-valve mechanism that live steam 
holds the supplemental valve closed during 
the time steam is working in the end of the 
cylinder adjacent to the supplemental valve 
and also so connected that said steam-pres 
sure is cut off from the supplemental valve at 

45 

or before the main exhaust-valve of the en 
gine opens to the same end of the cylinder. 

6. In combination with an engine having a 
cylinder, a piston and piston-rod in the cylin 
der and valve mechanism to control the ad 
mission and exhaustion of steam to and from 
the cylinder; an independent exhaust pipe 
at or near the one end of the cylinder, a differ 
ential piston-valve mounted in said exhaust 
pipe having its smaller area adapted to be 
engaged by steam, air or gas passing from 

55 

65 

the cylinder through the independent ex 
haust-pipe to open said valve, to permit said 
gases to pass out of the cylinder, and a steam 
pipe connecting the larger end of the differ 
ential valve with the main-valve mechanism 
of the engine; said connection being made at 
such a point that live steam is admitted to the 
larger end of the supplemental valve to hold 
it closed during the portion of the stroke of 
the engine that steam is working in the end 
of the cylinder adjacent to the supplemental 
valve, 

7. In combination with an engine having a cylinder, a piston and piston-rodf in the cylin 
der and valve mechanism to control the ad 
mission and exhaustion of steam to and from 
the cylinder; an independent exhaust-pipe at 
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or near each end of the cylinder; a supple 
mental valve mounted in each of said inde 
pendent exhaust-pipes; said valves being 
adapted to normally close said pipes and to 
be opened by the pressure of steam, air or gas 
in the end of the cylinder to which each sup 
plemental valve belongs, a steam-pipe con 
necting each of said supplemental valves to 
the main-valve mechanism of the engine in 
such a way that while steam is being used 
for work in one end of the cylinder the sup 
plemental valve at that end of the cylinder is 
held closed by steam admitted by the main 
valve mechanism of the engine and at the 
same time there is no steam-pressure tending 
to close the supplemental valve at the oppo 
site end of the cylinder. 

8. A cylinder - compression-relief valve 
comprising a casing having, in one portion 
two ports or openings, one adapted to be con 
nected to an engine-cylinder and the other 
for the exhaustion of steam, air or gas and in 
another portion a port or opening adapted to 
be connected to a source of live steam, a pis 
ton-valve within the casing adapted to have 
one end engaged by steam, air orgas entering 
the valve through said cylinder-port to move 
said valve to open a communication between 
said first two openings or ports and the other 
end adapted to be enga by steam entering 
the casing through said steam-port, to move 
said valve in the opposite direction to close 
the connection between said cylinder and ex haust ports in the casing. 

9. A cylinder - compression - relief valve 
comprising a casing having in one portion 
two ports or openings, one adapted to be con 
nected to an engine-cylinder and the other 
for the exhaustion of steam, air orgas; and in 
another portion a port or opening adapted to 
be connected to a source of live steam; a pis 
ton-valve within the casing adapted to have 
one end engaged by steam, air orgas entering 
the valve through said cylinder-port to move 
said valve to open a communication between 
said first two openings or ports and the other 
end adapted to be engaged by steam entering 
the casing through said steam-port, to move 
said valve in the opposite direction to close 
the connection between said cylinder and ex 
haust ports in the casing; the area of the pis 
ton engaged by the live steam being greater 
than the area engaged by the exhaust-steam, 

10. A cylinder-compression - relief valve 
comprising a casing having in one portion 
two ports or openings, one adapted to be con 
nected to an engine-cylinder and the other 
for the exhaustion of steam, air or gas and in 
another portion a port or opening adapted to 
be connected to a source of live steam; a pis 
ton-valve within the casing adapted to have 
one end engaged by steam, air orgas entering 
the valve through said cylinder-port to move 
said valve to open a communication between said first two openings or ports and the other 
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end adapted to be engaged by steam entering 
the casing through said steam-port to move 
said valve in the opposite direction to close 
the connection between said cylinder and ex 
haust ports in the casing; and means for 
draining the live-steam space in said mech 
anism. . . . . 

11. A cylinder- compression-relief valve 
comprising a casing having in one portion 
two ports or openings, one adapted to be con 
nected to an engine-cylinder and the other 
for the exhaustion of steam, air orgas, and in 
another portion a port or ??? adapted to 
be connected to a source of live steam; a pis 
ton-valve within the casing adapted to have 
one end engaged by steam, air orgas entering 
the valve through said cylinder-port to move 
said valve to open a communication between 
said first two openings or ports and the other 
end adapted to be engaged by steam; a drain 
age-valve in communication with the live 
steam space in said mechanism adapted to be 
closed by the pressure of steam within the 
mechanism and adapted to open for drainage 
when the steam-pressure is removed. 

12. In mechanism of the class described, 
the combination of a casing 60 having at one 

end ports or openings 61 and 64 communi 
cating with each other through the casing, 
and at the other end a steam port or opening 
78, a piston-valve 66 having one end 68 
adapted to be engaged by steam from port Or. 
pipe 78, and another end 67 adapted to be 
engaged by exhaust-steam in pipe 61; and 
means for adjusting the length of travel of 
the piston 66. 

13. In mechanism of the class described, 
the combination of a casing; a piston-valve 
adapted to be moved backward and forward 

5. 

35 

within the casing under the action of steam 4o 
admitted at either end of the piston, and a 
supplemental drainage-valve larger at one 
end than the other, through the main valve 
adapted to be engaged by the steam at either 
end of the casing substantially as described 
for the purposes set forth 
In witness whereof I have hereunto sub 

scribed my name in the presence of two wit 
leSS0S 

JOHN W. MILLER. 
Witnesses: 

DwIGHT B. CHEEvER, 
CAROLYN RAFTERY. 
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