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To all whom Tt may concern

"Be it known that I, EDWARD THOMAS
ADAMS, acitizen of the United States, residing
at Milwankee, in the county of Milwaukee
and State of Wisconsin, have invented cer-
tain new and useful Improvements in Steam-
Engines; andIdohereby declare the following
to be a full, clear, and exact description of the
invention, such as will enable others skilled
in the art to which it appertains to make and
use the same.

My invention relates to steam-engines and
other fluid - motors, and particularly to en-
gines of what are known as the *‘central-
valve” class, in which steam or other working
fluid 1s 1ntr oduced into the eylinders throu ﬂ'h
& hollow piston- -rod.

My invention consists in the novel con-

struction and arrangement of the distribu-
tion-valves of snch motors, in the novel cut-
off valve employed, and generally in the novel
combination, construction, and arrangement
of the parts.

The objects of my invention are toincrease
the economy and efficiency of steam-engines
and other fluid-motors, and paltleula;my of
motors of the central-valve class, to simplity
the valve - gear of such motors, to reduce
clearance-space, to provide large port-open-
ingsfor the admission of the working fluid and
for the exhaust thereof, to produce rapid cut-
off, to improve and simplify the means em-
ployed for varying and adjusting automat-
ically the point of cut-off, and to make the
engine simple, compact, durable, and com-
paratively inexpensive. These objects are
attained in the invention herein described,
and illustrated in the drawings which aceom-
pany and form a part of this specification,
in which the same reference-numerals indi-
cate the same Or Gor 1ebp0nd1nﬁ' parts, and in
W

I‘lﬂﬂle 1 is a central vertical section of a
single-acting cross compound steam-engine
coustruetaed in acecordance with my inven ti_on.
Fige. 21is a central vertical section of a double
single-acting tandem compound engine con-
structed 1n accordance with my invention.
¥ig. 3 1s a detail elevation and central verti-

cal section of the upper ends of the cylinders
of the engine shown in Fig. 2, showing means
which may be employed for adjusting the

- degrees apart.

No modei./

high-pressure cut-off valves by means of an
automatic governor and for supporting the
low-pressure cut-oif valves. FPig. 4 1s a detail
elevation and partial section of one of the
distribution-valves and of the steam-admis-
sion tube upon which 1t is mounted. Fig. 5
is a transverse section of an engine cylinder
and its hollow piston-rod and cut-off valve,
showing a modified form of cut-off Valve
Fig. 6 is a top view of one of the pistons; and
I‘w 7 18 a sectional view of an engine-cylin-
der, illustrating a modified form of valve-
oear.

Referring first to Fig. 1, 1 is the steam-

chest of the high-pressure cylinder, and 2 a
steam-dome upon the upper end of that cyl-

inder, connected with and forming substan-
tially a continuation of the steam-chest.

3 is the high-pressure cylinder.

4 is the high-pressure piston, and 5 and 6
are concentric tubes which together form the
piston-rod of the high-pressure cylinder.

7 is a guide and cushion ¢ylinder beneath
the high-pressure cylinder, such as are com-
monly employed in single - acting central-
valve engines. 8 1s the combined c¢ross-head
and piston within this cylinder; 9, the c¢ross-
head pin; 10, the connecting - rod; 11, the
crank - shaft, and 12 12 the cranks for the
high-pressure piston. The crank-pin 13 is
shown in dotted lines.

14 is the exhaust-chamber beneath the cyl-
inder 3, 15 the receiver in communication
with 14 through a port 16, and 17 the steam-
dome on the upper end of the low-pressure

cally a part of the receiver 15.

18 isthe low-pressure cylinder; 19, the low-
pressure piston; 20 and 21, concentric tubes,
together forming the low-pressure piston-rod;
22, the guide and cushion-¢ylinder beneath
the low-pressure cylinder, and 23 the com-
bined piston and c¢ross-head of cylinder 22.

24 is the low-pressure cross-head pin, and
25 the low-pressure connecting-rod.

26 is the exhaust-space beneath the low-
pressure cylinder, and 27 the exhaust-chest
of the engine.

The cranks of the high-pressure and low-
pressure cylindersareone hundred and eighty
This 1s not essential, but is
preferable in an engine of this class.
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The tubes 5 and 20, which form parts of | leave large clearance-spaces in which the

the high-pressure and low-pressure piston-
rods, respectively, and through which steam

18 adwitted to the high-pressure and low-

pressure c¢ylinders, are open at the top, com-

‘municating with the steam-domes 2 and 17,

respectively. They pass through suitable
stuffing-boxes in the upper cylinder-heads

and at their lower ends are connected to the

cross-heads 8 and 23, respectively. 28 28 are

- steam-ports in these tubes.

20

29 and 30 are valve-seat bushingssurround-

ing tubes 5 and 20, respectively, and secured
rigidly thereto, and 31 and 32 are the high-
pressureand low-pressuredistribution-valves,
respectively. One of these valves 1s shown
in elevation in Fig. 4. They are rings sur-
rounding the valve-seat bushings 29 and 30
and adapted to move up and down with re-
spect to the ports 23 in annular spaces sepa-

- rating the bushings 29 and 30 from the high-

- respectively.
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pressure and low-pressure pistons 4 and 19,
These pistons are provided on
their upper sides with recesses 33, surround-
ing the valves 31 and 32 and forming exhaust-
ports. | | | |
The piston-rod tubes 6 and 21 are provided
with ports 34 34 beneath their pistons, and
the valves 31 and 32 are cut away on their
under sides so as to permit the passage of

steam, during the exhaust period in each cyl-

inder, from above the piston, through the

ports 83 and 34, into the space beneath the

piston.
The tubes 6 and 21, which transmit the

pressure upon the pistons to the eross-heads,

pass through suitable stuffing-boxes in the
lower cylinder-heads and are secured to the
cross-heads in a suitable manner.

The valves 31 and 32 are reciprocated, with
respecttothe pistous and the valve-seat bush-
ings 29 and 380, by valve-rods 35, connected
by eccentric-rods 36 to eccentric-straps 37,
the eccentrics of which are upon the crank-
pins. These valve-rods are guided by bush-
ings 38, which are secured to the eross-heads
8 and 23 and to internal flanges 39 of the
tubes 6 and 21, which fit tightly against the
internal piston-rod tubes 5 and 20, and thus
prevent the passage of steam into the con-
centric chambers between the lower portions
of the tubes 5 and 6 and 20 and 21, respec-
tively. Thelong bushings 38 effectively pre-
vent leakage of steam around the valve-rod.

Within the admission-tubes 5 and 20 of the

. piston-rods are cut-off sleeves40 and 41, form-

ing in effect riding cut-off valves and sup-
ported by valve-rods 42, passing through stuff-

ing-boxes in the tops of the steam-domes 2

and 17. By means of these valve-rods the
cut-oif sleeves may be moved up and down.

Such movement is necessary, however, only
‘when the point of cut-off is to be changed. The

ports 28 of admission-tubes 5 and 20 override
these sleeves 40 and 41 as the pistons descend
andso are closed. These cut-off valves oper-

ate close to their engine-cylinders and do not |

steam expands while the pistons descend, as
is the case when a cut-off valve is placed in
the steam-dome at the top of the hollow pis-
ton-rod, as is frequently done. If desired,
the positions of these cut-off sleeves may be
adjusted by an automatic governor, as shown
in Fig. 3. |

- The operation of this engine is as follows:

In Fig. 1 the -high-pressure piston is shown

at the top of its stroke with the valve 31 just

opening the steam-ports 28, and the low-pres-

sure piston is shown at the bottom of this
stroke with the.exhaust-ports 33 open. Live

steam may pass, therefore, from the steam-
chest 1 and dome 2 into the tube & of the

high-pressure piston-rod, and thence through
the ports 28 into the upper part of the eylin-
der 3. HExhaust-steam may pass from the up-
per part of the low-pressure cylinder 18
through the ports 33 of the piston and the
ports 34 of the hollow piston-rod into the ex-
haunst-space 26 of the low-pressure cylinder,
and thence into the exhaust-chest 27 and so
to the air or to a condenser. As the high-
pressure piston descends, the ports 28 over-
ride the cut-off sleeve 40, thus cutting off
steam, so that during the remaining portion

of the stroke the steam in eylinder 3 will work.

expansively. The cut-off sleeves are shown

in Fig. 1 in positions corresponding to a very

late cut-off; but they may be as much higher

in the tubes 5 and 20 as may be desired, thus

giving as early cut-off as desired. As the
piston 4 descends, the low-pressure piston
rises,the steam continuing to exhaust through
the ports 33 and 34 1nto the exhaust-space 26.
When the stroke is nearly completed, the dis-
tribution-valve 51 of the high-pressure piston,
which valve has been moving upward with re-
speect to its piston, has risen so far that steam
may pass through the ports 33 into the ex-
haust-ports 34 of the hollow piston-rod and
so into the exhaust-space 14 and receiver
15. Release is thus produced in the high-
pressure c¢ylinder. Meanwhile the distribu-
tion-valve 32 of thelow-pressurecylinder has
been moving downward with respect to its
piston and in the latter portion of the stroke
has closed theexhaust portsor passages 33 in

said piston, and just as the end of the stroke

is reached valve 82 opens the steam - ports
28 in the piston-rod. The cross-head piston

23 in rising compresses air against the lower
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head of the low-pressure ¢ylinder, thus cush- -

ioning the reciprocating parts of the engine
and serving to bring them torest gently, and

this cushioning action is assisted to some ex-

tent by a slight cushioning in the low-pres-
sure cylinder after the exhaust-ports 33 are
closed. In the next succeeding half-revolu-
tion of the erank-shaft the high-pressure c¢yl-
inder exhausts and the low-pressure cylinder
takes steam, the cut-off sleeve 41 cutting off

this steam at the proper point in the stroke.

Near the end of the stroke the exhaust-ports
33 in the low-pressure piston 19 are opened
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and the steam in the low-pressure cylinder
released, and correspondingly exhaust clos-
ure and compression take place in the high-
pressure cylinder, the high-pressure cross-
head 8 compressing air in the eylinder 7 and
cushioning thereelptoemm parts. The dis-
tribution- va[ves may be placed upon the in-
side of the piston-rod tubes which supply the
steam to their eylinders instead of upon the
outside. This arrangement is particularly
convenient for the distribution-valves of the
low-pressure eylinders of tandem compound
engines, and the distribation-valves of the
low- pressure cylinders of the tandem com-

pound engine shown in Flg 2are 80 arranged.

In such case the cut-off sleeves may work
within the distribution-valves themselves, as
shown in Fig. 2. The distribution- ‘V(lees
may be so plopmtloned and the eccentrics S0
set that said valves will themselves cut of
steam eally in the stroke, as 1s commonly the
¢asein ommfuy slide- w&h«e engines. Insuch
case the cut-off sleeves 40 and 41 may be

omitted. These sleeves add verylittle tothe

complication of theengine,however, and their
use 18 preferable.

Fig. 2 shows a double ta,ndem compound

engine having two high-pressure cylinders
3 placed over two low-pl essure cylinders 18,
the latter being located over two guide and
cushion cylinders 7. The Steam-chest 1 1s
located between the high-pressure cylinders,
and the exhaust-chest 27 is located between
the low-pressure ¢ylinders. 44 are the high-
pressure pistons; 19 19, the low-pressure pis-
tons; 3 &, the cross-head pistons; 55 and 6 6,
the inner and oater tubes forming the hollow
piston-rods, and 31 31 the high-pressure dis-
tribution-valves. "The valves of the high-
pressure cylinders are arranged the same as
the valveof the high-pressurecylinder in Fig.
1 and operate 1n the same way. The piston-
rod tubes 6 pass from the high-pressure cyl-
Iders through stuffing-boxes into the low-
pressure cylinders and thence through other
stuffing-boxes into the guide-cylinders 7 and
are secured to the cross-heads 8. The low-
pressure pistons are secured directly to these
tubes 6, which serve Dboth as means for con-
veying the exhaust of the high-pressare cyl-
inders into the receivers 14 and as means for
conveying the steam from the receivers to the
low-pressure cylinders. * The distribution or
steam valves 32’ of thelow-pressure eylinders
are within these tubes6. The valve-rods 35,
which communicate motion from the eccen-
trics to the low-pressure valves 32', and other
valve-rods 35', which transmit the motion of
valves 32" tothe valves 31 of the high-pressure
cylinders, may be substantially in line there-
fore. Placing the low-pressure steam-valves
within the tabes 6 promotes compactness,
making it possible to employ piston-rod tubes
6 of mlnlmum diameter, so that as little as
possible of the area of ‘eross-section of the
low-pressure eylinders is absorbed by the pis-
ton-rods, and otherwise simplifies the valve-

3

gear., The tubes 6 are prowded with ports
50 beneath the high-pressure exhaust-ports
54 and the ﬂdnﬂ'es 39, through which steam
may pass from the receivers 14 into the inte-
rior of said rods. They are also provided
with ports 51, which are the admission and

' exhaust portcs of the low-pressure cylinders.

The low-pressure valves 32’ are provided with
corresponding admission-ports 52. Beneath
the low-pressure pistons the tubes 6 are pro-
vided with exhaust-ports 53, communicating
with the exhaust-spaces 26, and the sides of
the valves 32" are cut away to form passages
by which ports 51 and 53 may be placed in
communilcation during the time of exhaust.
The low-pressure steam-valves 32’ are elon-

gated sleeves, and within them are the low-

pressure cut-off sleeves or valves 41. They
operate by closing the ports 52 in the valves
32" when said ports override the sleeves 41,
thus in effect closing the ports 51. These
cut-off valves 41 are supported by stems 42,
passing upward through closely-fitting bear-

i ings in the lower ends of the high-pressure

supply-tubes & and through the tops of the
steam-domes 2. The cut-off valves 40 of the

‘high-pressure cylinders are supported by hol-

low stems or tubes 54, through which the rods
42 pass. At their upper ends the stems 54
may be provided with staffing-boxes through
which the rods 42 pass, as'shown in Fig. 3.
This construction permits independent ad-
justment of the high-pressure and low-pres-
sure cut-off valves. The cut-off valves may
be fixed in position or may be adjusted auto-

matically by a suitable centrifugal governor

or by hand. In Fig. 31 have shown a cen-
trifugal governor 55, arranged to adjust the
high-pressure cut-off valves, the low-pressure
cut-off valves veing stationary. The details
of thisgovernorare not shown. Itisarranged
bo Vil_)rate a rock-shaft 56 as the speed of the
engine varies. Leversd?,carried by the shaft
56, are connected to the valve-stems 54, so
that as the shaft 56 moves the high-pressure
cut-off valves arce raised or lowered, as the
case may be. The valve-stems 42 of the low-
pressutre cut-off valves are provided at their
upper ends with nuts resting upon brackets
58, secured to the steam-domes 2. These
brackets support the low - pressure cut - off
valves. The adjustment of these valves mmay
be changed at will by tarpring the nuts on the
stems 4.2.

Obviously the low-pressure cut-off valves
may be adjusted by the governorin the same
manner as the high-pressure cut-off valves,
and, if desirved, each pair of high-pressure and
low-pressure cut-off valves may be secured to

the same valve-stem instead of having sepa--

rate concentrically-arranged valve-stems.
The cut-off-valve sleeves of the cross com-
pound engine shown in Fig. 1 may both be
adjusted automatically by a governor in the
same manner as that indicated in Fig. 3 or
the high-pressure cut-off valve only may be
soadjusted, the low-pressure valve being sup-
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ported by a bLacket similar to the brackets
58 of Fig. 3.

- The operatmn of the tandem compound en-
gines shown in Fig. 2 is.as follows: Steam
from  the steam-chest 1 enters “the steam-
- domes 2, and when the pistons and valves are

in the position shown in Fig. 2 enters the ad-

mission-tube 5 of the left-hand engine and

passes through the ports insaid tube and over

the top of the distribution-valve 31 into the
high-pressure cylinder. At the same time
exhaust-steam of the high-pressure cylinder
i passing from the receiver-space beneath
the high-pressure piston through the ports 50
of the outer tube 6 of the piston-rod and
through the ports of the low-pressure distri-
bution-valve 32" and the ports 51 of the tube
6 into the upper end of the low-pressure cyl-
inder. Meanwhile in the right-hand engine
both high-pressure and low-pressure cylin-
ders are exhausting, the steam in the high-
pressure cylinder passing through the ex-
haust-ports of the piston 4 into the receiver-
space beneath said pistons and the steam in
the low-pressure cylinder passing through the
exhaust-ports in the piston 19 and the ports
51 and 53 of the tube 6 into the exhaust-space
beneath said piston and so into the exhaust-
chest 27. In the next half-revolution of the
crank-shaft the left-hand engine exhausts
and the right-hand engine takes steam.

The distribution-valves 31 are shown in de-

tallin Fig. 4. Asalready stated, each of these
~valves consists of a sleeve cut away on its
under side for the passage of the exhaust-
steam. Upon its upper side the sleeve is pro-
vided with a series of fingers 60, the purpose
of which is to retain in place the upper of two
spring packing-rings 61, lying within recesses
in the valve-seat bushings 29. Each valve 311is
also provided upon its outerface with aspring
packing-ring 62. These rings 62 are retained
in place by the ridges of metal 63, Fig. 6,
which separate the exhaust-ports 33 in the
pistons.

-The distribution-valve 31 of the low- prea-

sure cylinder of the cross compound engine

-shown in Fig. 1 is similar in constluetmn to
the valve shown in Fig. 4.

The cut-off sleeves may be so constructed
that the point of cut-off may be varied by re-
volving the sleevesinstead of by moving them
longitudinally. Such a construction is illus-
trated in Fig. 5, in which the cut-off sleeve
40’ there shown is provided with inverted tri-
~angular openings corresponding to the ports
iu.admission-—tn bes 5. By revolvingthesleeve
‘slightly about its axis the point in the stroke
at which the portsin theadmission-tube over-
. ride the sleeve may be varied, and this move-

- ment of the Sleeve may be effected by an au--

‘tomatic governor, |

The a.dmlsswn tubes 5 are not necessar ily
portions of the piston-rods. This is illus-
trated in Fig. 7, in which the piston there
shown is pmwded with two admission-tubes

| ment port-opening,

663,403

| -sioriQtubes extend up into t.he-_steam‘-domes P

and perform the same function as in the en-
gine shewn in Figs. 1 and 2. This construc-

tion is paltlcularly suitable for large cylin-
ders.
as the square of the radius of the cylinder,

whereas the circumference of the admission-

tube, and therefore the available surface for
porti- openings, increases directly as the ra-
dius of the admission-tubes. Therefore in
large cylinders it is difficult to obtain suffi-
if but a single'admission-
tube be used, without employing a tube of
excessive dmmeter but if two admission-
tubes be employed the difficulty is-avoided.
The tubes 5, 6, 20, and 21, which together
make up the hollow piston-rods of the engine
shown in Fig. 1, and the corresponding tubes 5
and 6 of theengineshownin Fig. 2 are closed at
the bottom. _The steam-pressure upon their

70

The piston area of cylinders increases -

75

8o

closed ends opposes the upward movement of
the pistons and assists the downward move-

ment thereof, this action being in harmony
with that of the pressure upon the guide-pis-
tons 8 and 23, therefore, and helping to over-
come the inertia of the reciprocating parts
and to keep the pressure on the wrist-pin and
crank-pin bearings in the same direction al-
ways. Itisobvious, therefore, that by prop-
erly proportioning the diameter of tubes 5, 6,

20, and 21 the cushlon cyhnders 7and 22 may
be omitted.

In stating in certain of the followmg cla.l ms
that the main-valve sleeve is mounted upon
the admission-tube or upon the hollow piston-
rod I do not mean to limit said claims to the
construction in which the main-valve sleeve
surrounds the admission-tube, but regard the

valve as mounted upon the admission-tube or

piston-rod whether it be on the inside or on
the outside thereof, since in either case it is
guided by said tube or rod.

Having thus completely described my in-
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vention, what I claim, and desire to secure

by Letters Patent, 1s—
1. The combination, with a cylinder, a pis-

ton, a steam-chest, and an admission-tube,

moving with the piston, communicating with
the steam-chest and provided with ports com-
municating with the cylinder, of a valve-
sleeve separate from and movable longitudi-
nally with respect to the piston, and mounted

upon the ad mission-tube, and adapted toopen

and close said ports, and means for vibrating

| said sleeve as the piston reciprocates.

2. The combination, with a c¢ylinder, a pis-
ton, a steam-chest, and an admission-tube,
moving with the plStOIl communicating with
the steam chest, and provided with ports com-

115

120

125

municating with the cylinder, of a valve-
sleeve separate from and movable longitudi-

‘pally with respect to the piston, and adapted

to open and close said ports, means for vi-

‘brating said sleeve as the piston reciprocates,

and a cut-off valve adapted to close said ports

| prior to the closure thereof by the mam valve,

5 and with a solid piston-rod 64. The admis- | substa.ntla,lly as described.
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3. The combination, with a eylinder, a pis-
ton, a steam-chest, and an admission-tube,
moving with the piston, communicating with
the steam-chest, and provided with ports
communicating with the eylinder, of a valve-
sleeveseparate from the piston,mounted npon
the admission-tube and longitudinally mov-
able with respect to said ports and adapted to
open and close the same, and means for vibrat-
ing sald sleeve as the piston reciprocates.

4. The combination, with a cylinder, a pis-
ton, a steam-chest, and an admission-tube,
moving with the piston, communicating with
the steam-chest, and provided with ports
communicating with the cylinder, of a valve-
sleeve, separate from the piston, mounted
upon the admission-tube, and movable lon-
gitudinally with respect to said ports and the
cylinder, and adapted to regulate admission
to and exhaust from said cylinder, and means
for vibrating said sleeve as the piston recip-
rocates.

5. The combination, with a cylinder, a pis-
ton, a steam-chest, and an admission-tube,
moving with the piston, communicating with
the steam-chest, and provided with ports

communicating with the cylinder, of a valve-

sleeve separate from the piston, surrounding
the admission-tube and located in a recess
between said tube and the piston, movable
longitudinally with respect to the piston, and
adapted to regulate admission to and exhaust
from said eylinder, and means for operating
sald valve.

6. The combination, with a cylinder, a pis-

ton, a steam-chest, and an admission-tube,
communicating with the steam-chest,and pro-
vided with ports communicating with the cyl-
inder, of a main valve consisting of a sleeve,
separate from the piston, movable longitudi-
nally with respect to said ports and the cyl-
inder, and adapted to regulate admission to
and exhaust from said cylinder, means for
operating sald valve, and a cut-off-valve
sleeve adapted to close said ports prior to the
closure thereof by the main valve.
7. The combination, with a cylinder, a
steam-chest, a piston, and a hollow piston-
rod communicating with said steam-chest and
having ports communicating withsaid eylin-
der,of a valve-sleeve separate from and mov-
able longitudinally with respeect to the piston,
and mounted upon the piston-rod, and adapt-
ed to open and close said ports, and means for
vibrating said sleeve as the piston recipro-
cabes.

8. The combination,with acylinder,a steam-
chest, a piston, and a hollow piston-rod com-
municating with said steam-chest and having
ports communicating with said ¢ylinder, of a
valve-sleeve, separate from the piston, and
mounted upon the piston-rod, which is longi-
tudinally movable with respect to said ports
and 1s adapted to open and close the same,
and means for vibrating said sleeve as the
piston reciprocates.

| chest, a piston, and a hollow piston-rod com-

municating with said steam-chest and having
ports communicating with said cylinder, of a

valvre-sleeve separate from and movable lon-

gitudinally with respect to the piston, and
mounted upon the piston-rod, and adapted to
open and close said ports, and ineans for vi-
brating said sleeve with respect to said ports
with each stroke of the piston. |

10. The combination, with a cylinder, a
steam-chest, a piston, and a hollow piston-
rod communicating with said steam-chest and
having ports communicating with said ¢ylin-
der, of a valve-sleeve, separate from the pis-
ton, and mounted upon the piston-rod, which
is longitudinally movable with respect to said
ports and is adapted to open and close the
same and means for imparting to said sleeve
longitudinal movement with respect to said
ports and the ceylinder, with each stroke of
the piston.

11. The combination, with a eylinder, a pis-
ton, and a hollow piston-rod having ports
communicating with said cylinder, of a valve-
sleeve, separate from the piston, surrounding
said piston-rod, and movable longitudinally
with respect to the piston, and means for im-
parting to said sleeve longitudinal movement
with respect to said ports and the oyhndel
with each stroke of the piston. -

12. The combination, with a cylinder, a
steam-chest, a piston, and a hollow piston-
rod communicating with said steam-chest and
having ports communicating with said cylin-
der, of adistribution-valve, separate from the
piston, consisting of a sleeve mounted upon
the piston-rod, movable longitudinally with
respect to said ports and the cylinder, and
adapted to regulate admission to and exhaust
from said cylinder, and means for vibrating"
said sleeve as the piston reciprocates.

13. The combination, with a cylinder, a pis-
ton, and a hollow piston-rod having ports
communicating with said cylinder,of a valve,
separate from the piston, located in a recess
between said piston-rod and the piston, lon-
gitudinally movable with respect to the pis-
ton, and contmlhnw admission toand exhaust
from said cylinder and means for operating
sald valve. |

14. Thecombination, with a cylinder, a pis-
ton, and a hollow plbton rod having ports
communicating with said eylinder, of a Valve—
sleeve, separate from the piston, located in a
recess between said piston-rod and the piston,
longitudinally movable with respect to the
piston, and arranged to admit working fluid
thronﬂ'h said plstmm od ports into the eylm-
der and to permit such fluid to exhaust be-

‘tween said sleeve and the piston, and means

for operating said valve.

15. Thecombination, with acylinder, a hol-
low piston-rod having admission-ports com-
municating with said cylinder, and a piston,
having exhaust-ports, of a valve-sleeve, sepa-
rate from the piston, located in a recess be-

9. Thecombination,witha eylmder asteam- | tween said piston and piston-rod, longitudi-
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arranged to open and close said admission
“and exhaust ports alternately, and means for
operating said valve.

16. Thecombination, witha cylmder, a pis-

‘ton, and a hollow piston-rod, composed of 1n-
ner and outer tubes, the inner tube having
admission - ports communicating with the
space on one side of the piston and the outer
tube having exhaust-ports communicating
with the space on the other side of said pis-
ton, of a valve-sleeve surrounding the inner
tube and arranged to permit working fluid to
enter the cylinder through the ports in said
+ inner tube, and then to permit such fluid to
exhaust into the outer tube and through the
ports thereof, and means. for Opera,tmw said
valve. |

17. The combmatlon W1Lhacy11ndel a pis-

ton, and a hollow plStOIl -rod composed of in-
ner a,nd outer tubes, the inner tubes having

“admission - ports communicating with the'

space on one side of the piston and the outer
tube having exhaust-ports communicating
" with the space on the other side of said pis-
ton, of a valve-sleeve surrounding the inner
tube and arranged to permit working fluid to
enter the ¢ylinder through the ports in said
inner tube, said sleeve being cut away on its

outer side to permit such fluid to exhaust be-

tween said sleeve and the piston into the
~outer tube, and means for operating said
valve.

- 18.-The combmatlon, with a cylinder, a

- steam-chest, a piston, and a hollow piston- |

‘rod communicating with said steam-chest and
having ports communicating with said eylin-
~der, of a valve-sleeve, Sepatate from the pis-
ton, and mounted upon the piston-rod, which
is Ionﬂitudinally movable with respect to said

~ piston and ports and is adapted to opén and ,
~close the same, valve-rods for vibrating said

sleeve, and means for wmmumcabmﬂ' IIlOLlOIl

thereto.
. 19. The combmamon, with a cylinder, a
steam-chest,a piston, a hollow piston-rod com-
municating with said steam-chest and having
ports communicating with said cylinder, a
erank, and means for connecting the piston-
rod thereto, of a valve-sleeve, separate from
the piston, and mounted upon the piston-rod,
which is longitadinally movable with respect
to said piston and ports and is adapted to
open and close the sawme, eccentrics on the
, crank-pin, and means for transmitting mo-
“tion of said eccentrics to the valve.
- 20. The combination, with a cylinder, a
steam-chest, a piston, and a hollow piston-
rod communicating with said steam-chest and
having ports.communicating with said cylin-
der, of a valve-sleeve, sepamte from the pis-
ton, and mounted upon the piston-rod, which
1S lonﬂ'ltudmally movable with 1e€pect 1:0 sald
piston and ports and is adapted to open and

close the same, valve-rods, within said hollow:
plston -rod., connected to said valve, and means i

ud
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the valve.

21. The combination, with a cylmder, apis- -

“ton, and a hollow msbon rod having ports.
‘communicating withsaid cylinder, of a valve-

sleeve which is longitudinally movable with

respect to said ports and is adapted to open

and close the same, valve-rods within said

piston-rod and projecting from one end there-
of, and tubessurrounding said valve-rods and.
ddanted to prevent the escape of working fluid

around said rods.

22. The combination] witha ey 1111(161 a,pls- B
80
communicating with said eylinders, of a main '
valve, separate from the piston, arranged to

ton, and a hollow piston-rod having ports

open and close said ports, means: for operat-

75

ing the same, and a cut-off valve adapted to

clese said ports prior to the closure thereof by
the main valve.

23. Thecombination, witha cylmder

valve, separate from the piston, adapted to
open and closesaid ports, and a cut-off valve,
normally stationary with respect to said ports,
and so located that said ports are closed bV

‘said cut-off valve prior to the olosure theleof '
by the main valve. |
24, Thecombination, with &cyhnder apis-
“ton, and a hollow plston-md having ports

commumcdtmﬂ* with said cylinder, of a main

| valve, separate from the piston, adapted to
' open and close said ports, and a cut-off valve,
within the piston-rod, over which said. portb_--'- N
pass, so as to be closed theleby, prior to the

closure of said ports by the main valve.

25. The combination, with acylinder, aplé-' |

ton, and a hollow piston having ports com-

munlea,bmﬂ' with said cylmder of a valve-

a pis-
tfm, and a hollow plsbou rod having ports.
communicating with said cylinder, of a main

sleeve, separ'a,te from the piston, forming the '

main Va,lve and adapted to open and close-

said ports, and a cut-off-valve sleeve within
the piston-rod, arranged to close -said ports
prior to the closure thereof by the main valve.

26. The combination, with & ¢ylinder, a pis-
ton, and a hollow piston-rod having ports

communicating with said eylinder, of a valve-
sleeve, separate fromn the piston, forming the

main valve, and adapted to open and close

'IIOI .

115

said ports, means for vibrating said sleeve, a

separate cut-off valve within the piston- rod

and adapted to close said ports priorto the clo-

sure thereof by the main valve, and means
for adjusting said cut-off valve.

97. The combination, with a cylinder, a pis-
ton, and a hollow plStOl’l rod having

120

ports .
communicating with said cylinder, of a valve-
sleeve, separate from the piston, forming the

main valve, surrounding the piston-rod, and

off-valve sleeve within the piston-rod and

-adapted to close said ports prior to the clo-
sure thereof by the main valve. | |
28, The combination, with a cylinder, a pis--

‘adapted to open and close said ports, means
for vibrating said sleeve, and a separate cut-
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ion, and a hollow piston-rod having ports
communicating with said eylinder, of a main
valve, separate from the piston, adapted to
close and open said ports, a cut-off valve nor-
mally stationary with respect to said cylin-
der, and so located that said ports are closed
by said cut-off valve prior to the closure
thereof by the main valve, and an automatic
agovernor conuected with and adapted to ad-
just said cut-off valve.

29. Thecombination, with a ¢ylinder, a pis-
ton, and a hollow piston-rod having ports
communicating with said eylinder, of a valve-
sleeve, separate from the piston, forming the
main valve, a second sleeve, forming a cut-
off valve, one sleeve being on the inside of
the piston-rod and the other sleeve upon the
outside thereof, the main valve being adapted
to open and close said ports, and the cut-off
valve being arranged to close said ports prior
to the closure thereof by the main valve.

30. The combination, with tandem high-
pressure and low-pressure ¢ylinders, pistons
therefor, and a hollow piston-rod for said pis-
tons, having admission-ports communicating

with each of said eylinders on one side of the

pistons thereof, and exhaust-ports communi-
cating with each of said cylinders on the other
side of the pistons thereof, of a high-pressure
distribution-valvesleevesurrounding the pis-
ton-rod, a low-pressure distribution-valve
sleeve, within the piston-rod, and means for
vibrating said valves.

31. The combination, with tandem high-
pressure and low-pressure cylinders, pistons
therefor, and a hollow piston-rod for said pis-
tons, having admission-ports communicating
with each of said cylinders on one side of the
pistons thereof, and exhaust-ports communi-
cating with each of said eylinders on the other
side of the pistons thereof, of a high-pressure
distribution - valve surrounding the piston-
rod, a low-pressure distribution-valve sleeve,
within the piston-rod, having ports adapted
to register with the low-pressure ports of said
piston-rod communicating with the working
side of the low-pressure eylinder, and cut-oit
valves for said cylinders, the low-pressure
cut-off valve working within the low-pressure
distribution-valve sleeve.

32. The combination, with tandem high-
pressure and low-pressure cylinders, pistons
therefor, and a hollow piston-rod for said pis-
tons, consisting of inner and outer tubes, the
inner of said tubes having admission-ports
for the high-pressure cylinder and the outer
of said tubes having exhaust-ports for the
high-pressure and low-pressure ¢ylinders and
admission-ports for the low-pressure cylinder,
of valve-sleeves forming distribution-valves
for the high-pressure and low-pressure cylin-
ders, the high-pressure valve surrounding the
inner tube of the piston-rod and the low-pres-
sure valve lying within the outer tube of said
piston -rod, and means for vibrating said
valves.

33. The combination, with tandem high-
pressure and low-pressure cylinders, pistons
therefor, and a hollow piston-rod forsaid pis-
tons, having admission and exhaust ports for
said eylinders, of main distribution - valves,
separate from and movable longitudinally
with respect to the pistons, and adapted to
open and close said ports, and cut-off valves
within the piston-rod adapted to close the ad-
mission-ports thereof prior to the closure of
said ports by the main valves.

34. The combination, with tandem high-
pressure and low-pressure cylinders, pistons

‘therefor, and a hollow piston-rod for said pis-

tons, having supply and exhaust ports for said
cylinders, of main distribution-valves adapt-
od to open and close said ports, and cut-off
valves for each of said cylinders, within the
piston-rod, having concentric valve -stems
projecting from one end of the piston-rod, by
which said cut-off valves are held in position.

35. The combination, with tandem high-
pressure and low-pressure cylinders, pistons
therefor, and a hollow piston-rod for said pis-
tons, consisting of inner and outer tubes, the
inner of said tubes having admission-ports
for the high-pressure ¢ylinder and the outer
of said tubes having exhaust-ports for the
high-pressure and low-pressure eylinders and
admission-ports for the low-pressure cylin-
der, of distribution-valves for said cylinders,
the low-pressure valve being a sleeve within
the piston-rod, and cut-off valves for said cyl-
inders, located within the piston-rod, the low-
pressure cut-off valve working within the low-
pressure distribution-valve. |

36. The combination, with an admission-
tube, of a valve consisting of a sleeve mount-
ed thereon and movable longitudinally with
respect thereto, and a packing-ring carried
by said tube and pressing against said sleeve,
said sleeve being provided with fingers for
retaining said packing-ring in place.

37. The combination, with a piston, having
a valve-opening the axis of which is parallel
to the axis of the piston, of a valve in sald
opening, and a packing-ring carried by said
valve and bearing against said piston, said
piston being provided with ridges to hold the
packing-ring in place.

38. The combination, with a cylinder, a pis-
ton, a steam-chest, a crank, means for con-
necting the same toa piston-rod, and a piston-
rod having an admission-tube communicating
with the steam -chest, provided with poris

communicating with the c¢ylinder, and open

at its outer end and closed at a point beyond
its ports, whereby a constant pressure 1S ex-
erted upon the ad mission-tube tending to pre-

vent reversal of pressure at the bearings, of
a valve movable longitudinally with respect

to the piston-rod and adapted to open and

close said ports, and means for operating said

valve. _ |
39. The combination with a cylinder, a pis-
| ton, a steam-chest, a erank, means for con-
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necting the same to a piston-rod, and a hol-
low plston-l od communiecating w1th the steam-
chest, provided with ports commume&tmw
with the cylinder, and open at its outer end
and closed at a point beyond its ports, where-
by a constant pressure is exerted upon the
piston-rod, tending to prevent reversal of
pressure at the beﬂ-ringﬂ, of a valve movable
longitudinally with respect to the piston-rod,

and adapted to open and close said porns and Lo
means for operating said valve.

In testimony whereof I have hereunto af-
ixed my signature 111 the plesence of two wit-
nesses.

EDWARD THOMAS ADA\IS
Witnesses:

B. T. LEUZARDER,

B. A. BRENNAN.
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