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- UNITED STATES

' MILAN ¢. BULLOCK, OF CHICAGO, ILLINOIS.

STEAM-ENGINE.

SPECIFICATION foiming part of Letteis Patent No. 533,157, dated January 29, 1895.
Application filed August 8, 1893, Serial No. 482,669, '(Nﬁ"ﬁ}indel.')

To all whom it may concerr: o

Be it known that I, MitAN C. BULLOCK, of
Chicago, in the éounty of Cook and State of
lllinois, have invented certain new and use-
tal Improvements in Steam-Engines; and I
dohereby declare that the following is 4 full,
clear, and exact deseri ption thereof; reference

- being had to the accompanying drawings, and

[O

20

to the letters of reference marked thereon,
which form a part of this specification. .
L'his invention relates to improvements in
reciprocating steam engines of that class
known as single-acting engines, or those in
whichthe steam actson one sideof the- piston
only. _ o
The engine herein shown as embodyin o my
invention is of that kind known as a double
tandem compound engine, the same embod y-
Ing vertically arranged, single acting cylin-
ders, supported on a common base, two piston
rods carrying the pistons which operate with-

. 1n the eylinders;and a single crank-shafs pro-

2

vided with two cranks on which the two pis-
ton rods severally act. The pistons being

pressure within the cylinders as in other sin-
gle-acting engines and the return stroke of
each piston rod being accomplished by the

- action of the erank-shaft. -

3 0O

35

40

45

so Fig. 2. ] s a plan _
- shown in Fig. 9, taken on line 10—10 of said
- figure. Fig. 11 is a detail section taken on

In the accompanying drawin gs 1llustrating
my invention, Figure 1 18 a view in side ele-
vation of a double expansion engine embody-

ing thesame. Fig. 2isa central vertical sec-

tion, taken axially through both cylinders;
Fig. 3 is asectional plan viéw taken through
poth eylinders on lines 3—3 of Figs. 1 and 2.

Kig.4isasimilarsectional view taken on lines
4—4¢ of Kigs. 1 and 2. Fig. 5 is an enlarged

detail section.of the upper cylinder and ad-
Jacent part of the lower cylinder of the en-
gine. Kig. 6 is'a detail plan section of the
lowermost piston, taken online 6—6 of Fig. 5.
Fig. 71is a detail section of the exhaust valve
ring shown in Fig. 6. Tig. 8 is a detail sec-
tion of the plate which covers the exhaust
valve ring: Fig.9is a detail seetion through
the lower or base part of the engine, showing
devices for giving motion to the steam inlet
valves, the same being taken on line 9—9 of
Fig. 10 is a plan section of ‘the parts

moved in one direction only by the steam |

| line 11—11 of Fig. 9. Fig.12isa similar sec-

tion taken on line 12—12 of Fig. 9.

Asillustrated in said drawings, the base of 5

the engine on which the eylinders and other
parts ai*e-f‘s':upportédje:{jﬁ'Sis'ts:"'of_ a‘hollow cast-
ing A, within which is mounted the ecrank-
shaft B, which is arranged horizontally within
said base and has suitable bearings therein,

and is provided with two cranks B’ B’. At.

tached to the top of the base edsting A, side
by side, are two upright eylinders C C, which
constitute the low-pressure cylinders of the
engine, and which are provided below their
apper ends with integral horizontal parti-

tions or diaphragms C” ¢/ forming the heads

of the cylinders proper. Said cy linders C C
are open at their lower ends and communi-
catewith the interior of the hollow base cast-
ing A, which is provided in its horizontal
top wall with openings preferably somewhat
larger than the interior diameters of the cyl-
inders; the eylinders being bolted to the said

base casting in the manner illustrated. Said
base castingis provided at some distance be-

low its top wall with a horizontal partition

60

75

or diaphragm A’, which forms a passage or

receiver for exhaust steam from the low
pressure cylinders CC. Said base casting is

80

also provided above the diaphragm A’ with

an exit pipé A® communicating with the said

the discharge of the exhaust
engine. .

Affixed to the upper ends of the cylinders
C C are other smaller’ cylinders D'D, which
constitute the high pressure cylinders of the
engine. Said cylinders D D open at their

lower ends into the cylinders C C, above the
diaphragms C’ C’ of the latter, and are pro-

vided at points below their upper ends with
horizontal partitions or diaphragms D’ D’
which form the cylinder heads: _
ends of said eylinders D D are closed by
means of castings or heads E E, which form

with the upper parts of the said cylinders

above the diaphragms or partitions D’ D’

steam chests or chambeérs E’ E’/, which are

supplied with steam” by means of a steam

supply pipe E? leading to cne of said cham-

bers, and a horizontal steam pipe E3 which

connects the said chambers with each other,
' As’ herein shown and as preferably con-

‘exhaust passage or receiver and permitting
steam from the

90
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structed, the steam pipe I&° is cast integral |
with the heads K L.
The upper parts of the eylinders C C above
the diaphragms C” C’ constitute steam cham-
g bers or receivers between the high and low
pressure cylinders, and inasmuch as the ¢yl-
inders D D open at their lower ends into the
said steam chambers or receivers, the lower
parts of said cylinders D D below the pis-
10 tons constitute in effect portions of said re-
ceivers. Similarly, the lower parts of the low
pressure cylinders C C open into and form
parts of the receivers or exhaust space in the
upper part of the base casting.
15 C? D? indicate severally pistons which are
located within the eylinders C and D, and K |
F are hollow or tubular piston rods which
pass through the several cylinder heads or
diaphragms €’ D’ and to which the several
20 pistons C? D? are attached. Thesaid piston
rodsare herein shown as madein severalsepa-
rate parts or sections F’ E* I, of which the
part K’ is attached to the upper piston D* and
extends upwardly through the partition D’
2t into the steam chest. The part F° is attached
at its opposite ends to the pistons C? and D¢,
and the part F® is attached to the piston C? |
and servesto connect the same with the crank-
shaft. The several diaphragms C"and D" are
30 provided with glands or packings ¢ d to make
tight joints around the piston rods where the
latter pass through said diaphragms. T'he pis-
 ton rods If are provided above the piston D?
with ports f for the admission of steam to the
35 cylinders D and below said piston with other
ports f/ for the admission of steam from the
receivers to the interior of the hollow piston
rod, and similarly said hollow piston rod is
provided above the piston C? with steam ports
40 f?for the admission of steam to the low press- |
ure cylinders C.
- Within the base casting A are located two
vertically arranged air cylinders G G which
are in axial alignment with the low pressure
45 steam ceylinders C C,said air cylinders being
closed at their upper and open at their lower
ends. Within the air cylinders G G are lo-
cated pistons G’ G’ to which the lower ends
of the piston rods K If are rigidly secured.
so The lower parts or sections It? B° of the pis-
ton rods F I pass through glands or packing
boxes ¢’ ¢’ in the heads g g of the air cylin-
ders, which glands or packing boxes form
tight joints about the piston rods to prevent
sz the escape of air past the cylinder heads.
The pistons G" G’ of the air cylinders are
connected with the cranks B’ B’ of the crank-
shaft by meansof connecting rods II H which
are pivotally connected with the pistons and
60 are engaged with the crank-pinsin the usual
manner. Said pistons G’ G’ have preferably
the form of hollow cylinders closed at their
upper ends, the upper ends of the connecting
rods II H being located within the same and

The air eylinders and the pistons described
serve the same purpose as the eross-head
cuides and cross-heads commonly employed
for the purpose of guiding the piston rods of
steam engines. Said air cylinders and pis-
tons also serve as a means of taking up the
momentum of the pistons and piston rods
during their up-stroke and to thereby main-
tain the connecting rods compressed at all
times during such stroke; it ‘being obvious
that compression of the air in the air cylin-
ders in the up-stroke of the pistons will grad-
ually retard the movement of the piston rods
and connected parts. The energy expended
in thus compressing the air is not lost for the
reason that during the subsequent down
stroke of the pistons the expansive action of
the air is added to the effect of the steam
pressure. Said air eylinders G G are.shown
as provided with air inlet openings ¢° ¢g° for
the purpose of admitting air to the eylinders
at each down stroke of the pistons.

In the particular construction shown the
air cylinders are secured at their upper ends
in the partition A’, the heads g g being se-
cured to the cylinders by bolts which also
connect the cylinders to the said partition.
A horizontal partition A*located at some dis-
tance below the partition A’ is provided with
apertures in which the lower ends of the air
cylinders closely fit and by which they are
held accurately in place.

Steam enters the upper ends of the several
cylinders through the hollow or tubalar pis-
ton rods I' I and act on the upper surfaces
of the pistons to force the same downwardly
or toward the open ends of the ¢ylinders and
the cranks being set opposite each other or
at an angle of ocne hundred and eighty de-
orees one piston is atthe limit of its down
stroke at the time the other piston is at the
limit of its up stroke, so that the up stroke

' of each piston rod is accomplished by the ac-

tion of theerank-shaftonly. Intheup stroke
of the piston rod and pistons attached thereto
exhaust steam from the upper endsof the high
and low pressure cylinders escape into the re-
ceivers between said cylinders and below the
low pressure cylinders through apertures or
steam ports formed in the pistons themselves;
suitable valves being provided in connection
with said portsin the pistons toclose the same
except when they are open for the passage of
exhauststeam. The passage of steam through
the hollow piston rods to the several cylinders
is controlled by valves located within the hol-
low piston rods which valves are operated by
actuating devices which extend through the
hollow piston rods, and which also serve to
actuate the valve plates by which the exhaust
ports within the pistons are also actuated.
Steam supplied to the steam' chests K" K’
enters the open upper ends of the piston rod

| sections IV ¥’ and is delivered to the high

65 pivotally connected therewith by bearing pins | pressure eylinders D D through the ports 1 f

g® g* which are inserted transversely through

the opposite side walls of the pistons. | tons. Steam from the receivers between the

which are located adjacent to the upper pis-
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‘high and low preé.sure'cylinders enters the in-

“termediate piston rod sections F? F2 through

- IO

the ports f/ f’ at the upper ends thereof, and
18 delivered to the low pressure cylinders
through the ports f? 2 adjacent to the lower-
most pistons. Inasmuchasboththe high and

low pressure eylinders open at their lower.

endsintotheadjacentreceiversbeneaththem,
the exhaust steam which passes through the

~pistons as the latter rise enters directly into
‘the said receivers so that at the end of each
-up stroke of the pistons the steam which pre-

- viously filled the eylinders above the pistons

IS

will have passed through the pistons and will
fill the lower portions of the eylinders as well
as the receivers which in the case of the high
pressure cylinders is formed by the space

- above the diaphragm C’ of the low pressure

- 20

cylinder and in the case of the low pressure
cylinder is formed in the upper part of the
base casting, |

“As far as the construection herein shown of

the devices for admitting steam to the several
cylinders is concerned, these parts are con-

- are located within the hollow piston rod and

- are attached toacommon valve stem J, which
extends centrally through the hollow piston

30
35
40
45

50

rod and is adapted to turn or rotate with the
valve plug. Said valve plugs are arranged
to operate in connection with the ports f f2,
and are for this purpose located within the
hollow piston rods above the pistons C? and

D*and are arranged to fit closely within said

pistonrods. The several valve plugs are pro-
vided with ports or |
open through the sides and upper ends of the

‘plugs and correspond in width and angular

arrangement with the ports £7 7’ 7/, in con-

nection with which they operate. Tnasmuch

as the several ports¢ 4 ¢’ 7/ of the valve plugs
open at their upper ends into the hollow pis-

ton rods, said ports are at all times in com-

munication with the source of steam supply

and 1t follows that when the portsare turned

into position to bring the said ports opposite

to ports f f * f* of the piston rod, steam will

pass from the piston rodsto the eylinders, but
when the plugs are turned to bring the said
ports opposite the spaces between said ports

- fJJ*f* then the passage of steam will be cut

- piston rod are four in number, while the valve

535

6o

off. As herein shown, the ports £ 7 of the

plugs are also provided with four ports 17,
and 1t follows that in the operation of the

‘valve the plug is swung or oscillated through
an angular distance equal to one eighth of an-

entire revolution, an oscillatory movement
through this distance obviously servin o toal-
ternately open and close the valve ports.
_As shown in the drawings, Figs. 5 and 6,
the valve plugs are in position for the admis-
sion of steam to both cylinders, the steam at
such time passing from the space within the

~apper piston rod section downwardly through

the ports or passages < ¢ and then laterally

passages 7 ¢ ¢ 7’ which

!

outward through the ports 7 fto the space
within the eylindersabovethe piston D2 while
similarly, steam which enters the piston rod
section F? through the ports f’ passes down-
wardly through the ports ¢’ " and then later-
ally outward through the ports 72 £2 to the
space above the piston C2

In order to provide ample area for the pas-
sage of steam with a minimuni of oscillatory
movement in the valve, the ports f are made
of considerable length vertically and rela-
tively narrow, this construction having the
advantage also of giving sufficient area in the
ports without unduly weakening the piston
rod. The said ports when thus made of con-
siderable vertical length will extend up-
wardly into the piston head or diaphragm
when the piston is at the upward limit of its
stroke, as seen at Fig. 5, but this is of no con-
sequence in the operation of the engine for

| the reason that only a small supply of steam

18 required for starting the piston in its down-
ward movement and as soon as the piston has

_ - moved far enough to acquire any consider-
structed as follows: The movable parts of the |

- Sseveral valves consist of valve-plugs I I’ which

able speed the ports will have been entirely

‘uncovered and an ample supply of steam thus

afforded as soon as required.
T'he exhaust ports or passages ¢’ d’ which
are formed in the pistons are arranged at

equal distances apart around the pistonsand
separated from each other by spaces some-
what greater in length circumferentially than

the ports themselves, while the annular valve
plates or rings K K’ are provided with cor-
respondingly arranged apertures k & %’ %',
these ports being so arranged that by turning
the valve plate through an angular distance
equal to one half of that between the centers
of two.adjacent ports said ports will be alter-
nately opened and closed. The pistons and
valve plates are herein shown as provided
with four ports or openings, the same corre-
sponding in number with those of the steam
inlet valve, so that both the steam inlet and

exhaust valves may be operated by the same

actuating devices.

_Means for connecting the said valve plates
K K’ with the valve stem J are herein shown
as provided as follows: Attached to the said

| valve plate below the valve plugsI 1’ are disks

L L" which are provided with radial arms 71

recesses %° k* which are formed in a down-
wardly extending flange %3 on the valve plate:
sald disk and arms thereon partaking of the
oscillatory movement of the stem J. It fol-
lows that the valve plates K K’ will be moved

or oscillated with the valve plugs I I’, so that

when the steam admission valves are closed

| the exhaust valves will be opened and vice
versa. It follows from this construction that

when the valve plugs are turned in one posi-
tion steam will be admitted simultaneously

76

75

80

90

95

| Jele

105

LIO

115

"V, which latter extend outwardly through
suitable slots or passages formed in the pis-
tons and engaged at their outer ends with
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to both the high and low pressure cylinders,

t and when the several plugs are turned in the
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opposite direction the steam will be cut off
simultaneously from both eylinders and ex-

haust steam will be allowed to escape through |

the pistons from the spaces above to the
spaces below the same.

The upper valve plug I’ is provided on 1its
top surface with a valve disk M, which is in-
terposed between the ports of said valve plug
and the steam space of the steam chest and
forms the movable part of the cut off valve
for controlling the steam supply to the high
pressure cylinder in quantities correspond-
ing with the work being done by the engine,
thereby securing the results produced by
other cut off valves. Said valve disk M rests
directly upon the top of the plug I’ and is
provided with a plurality of ports m m corre-
sponding in size and angular distance apart

with the ports or passages 2’ ¢’ of the said |}

valve plug. Said cut off valve is attached to
a valve stem N which passes downwardly
through the valve-stem J of the main valve,
which latter valve stem is made hollow for
this purpose.

Inasmuch as the valve stems J and N of
both the main and cut off valves are located
within and moved longitudinally with the
piston rod, devices for turning or giving oscil-
latory movement to said valve stems must

obviously be connected to the same by de- |

vices permitting freereciprocation of thesaid
stems with the piston rod while maintaining
constantly such engagement as is necessary
for turning or giving oscillatory movement to
the said stems. The devices herein shown as
employed for this purpose are located within
the base A of the engine and are adapted to
engage with the lower ends of said valve
stems which extend past the lowermost pis-
ton C? into the part of the hollow piston rod
below the sald lower piston.

To now describe more specifically the de-
vices shown for giving motion to the valves,
the main valve stem J is attached at itslower
end to a disk J’ which is adapted to turn
freely within the hollow piston rod, while the
valve stem N is attached to a similar disk N’
located below and preferably adjacent to the
disk J’. Outside of the hollow piston rod
and surrounding the same are two rings O P,
the ring O being attached to the disk J’ by
means of pins o extending through horizon-
tal slots o’ o’ in the piston rod and secured
in said disk J’ (Fig. 11). The ring P is simi-
larly attached to the disk N’ by means of
pins p p which pass through horizontal slots
»’ p’ in said piston rod. Q is an oscillating
ring mounted on the top wall of the air cyl-
inder &G concentrically with the piston rod,
and R is a similar ring located outside of
the ring Q concentrically therewith. The
ring Q is shown as held in place by engage-
ment with the ring R which is arranged to
overlap the same, while said ring R is shown
as held in place by an external bearing ring
R’ secured to the margin of the air cylinder
head in the manner shown. The ring Q 1is

533,157

provided with two vertical arms ¢ ¢ (Figs. 9
and 11) which arms are provided with grooves
to engage outwardly extending lugs on the
ring O, so that said ring has vertically slid-
ing but non-rotative connection with the said
arms. The ring R has similar upwardly ex-
tending arms r (Figs. 10 and 12) which arms
have grooves on their inner faces engaging
lugs on the ring P, so that said ring P has
vertically sliding engagement with the arms
r but is held in rotative engagement there-
with. The vertically sliding but non-rotative
connection of the arms ¢ g and r r with the
rings O and P obviously enables the oscil-
latory movement given to the rings Q and R
to be transmitted to the disks J” and N’ and
thence to the valve stems at all times not-
withstanding the rapid reciprocatory motion
of the piston rod and said valve stems.

S, and T are two horizontally arranged act-
uating rods through the medium of which mo-
tion is given to the rings Q and R, and which
are themselves actuated by suitable connec-
tions with the main shaft of the engine. Said
rods S and T are skown as extending through
the base casting at one side of the piston rods
and as passing through packing boxes s ¢ at
the points where they enter the base casting.
At their opposite ends said rods are sup-
ported in guides s’ ¢’ attached to the wall of
the base casting within the same. The actu-
ating rods S T are connected with the oscil-
lating rings Q and R by means of short con-
necting rods or links 8’ T”; the link S8’ being
pivoted to the connecting rod and to an out-
wardly projecting lug ¢’ on one of the arms
g of said ring Q, while the link T" is pivoted
directly to the top surface of the ring R. It
is obvious that with this construction endwise
reciprocatory motion given to the two actu-
ating rods S and T will transmit oscillatory
motion to the rings Q and R for the purpose
of actuating the main and cut off valves in
the manner above described.

Means for giving motion to the actuating
rods S and 1 of the main and cut off valves
are provided as follows: On the main crank-
shaft B are mounted two eccentries U and V,
of which the eccentric U is rigidly attached
to the shaft and the eccentric V is loosely
mounted thereon so that it may be turned or
partially rotated relatively to the shaft. In
connection with the eceentric V is employed
a governing device, hereln shown as having
the form of a fly-wheel governor; sald gov-
erning device being arranged to turn the ec-
centric in one direction or the other, accord-
ing to the speed of the fly-wheel. With the
eccontrics U and V are connected in the usual
manner, two eccentric rods U’ and V', the
apper ends of which are connected with and
give motion to two rock-shafts U*® V* (which
rock-shafts are mounted in brackets v v at-
tached to the base casting A) and are pro-
vided with horizontal arms %’ v" to the outer
ends of which the eccentric rods U’ V’ are
connected. The rock-shaft U? is provided
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‘with an upwardly extending arm 2 which at | upper piston rod sections and between the
1tS upper end is connected with the outer end | same, the body of the piston being cut away
of the valve actuating rod S; the means ot | to form segmental slots or recesses c® ¢® 7o
connection shown consisting of two pivot through which said arms may pass when os-
5 links o3 43 Similarly the rock-shaft V? is | cillated. The said flanges of the upner pis-
provided with an upwardly extending arm v2 | ton rod being in contact with the piston in its
‘the upper end of which is connected with the | parts only which are located between the said
valve actuating rod T by means of two pivot recesses, as clearly seen in Fig. 6. Inasmiich 75
- links %% Therock-shafts and arms thereon | as said segmental slots or recesses extend .
Io arranged as described constitute obviously, | through an angular distance equal to some-
' bell-crank levers by which the vertical mo- | what more than one eighth of a circle at each
tion of the eccentric rods is changed to hori- side of the center of the piston, I have found
zontal motion for actuating the rods S and T. | it Ggesirable to arrange the bolts ¢? ¢? close to- 8o
_ The connecting devices constructed as de- | gether in the spaces between the ends of said
15 seribed ovbiously serve to transmit motion recesses, as clearly seen in said Fig. 6. Said
continuously and uniformly from the eccen- | bolts ¢ ¢, furthermore, are shown as engag-
tries U and V to the valve actuating rods S | ing at their lower ends holding rings ¢t placed
and T at all times during the operation of | in contaot with the flange of the lower piston 8z
the engine. | e ‘rod section and as engaged at their upper
20 The fly-wheel governor hereinbefore men- | ends with a plate K? which extends over the
tioned is shown as applied to the belt pulley | valve ring K and covers the top of the pis-
B* of the engine and is constructed as fol- | ton; said plate being extended inwardly to
- lows, to wit: The eccentric V ig attached to | overlap the flange of the upper piston rod sec- go
a sleeve W which surrounds and turns on the | tion and thusform a holding ring for the same.
25 shaft B and is provided with a rigidly at- | A depending flange &t on the plate K? serves
- tachedradialarm w, Fig. 1. Pivotally mount- | to fill the space between the inner margin of
ed at one side of the pulley is alever W’ car- | the valve ring and the flange of the upper |
rying a weight w’ at one end and connected | piston rod section, as clearly seen in Kigs. 5 gz
at 1ts opposite end by a link %?with the arm | and 8. ) -
30 wof the eccentric sleeve. A spring W? at- | Ieclaim as my invention— - _
tached to the wheel rim is connected at its | 1. The combination with single acting high
~ free end with with the weighted end of the and low pressure cylinders and an interme- R
lever W’ by means of a strap or cord w?; the | diate recelver in open communication with 1oo .
spring being arranged to hold the weight nor- | the high pressure cylinder, of a piston in the
35 mally at the inward limit of its movement. | latter eylinder provided with exhaust ports
The parts of the governor are arranged in extending directly through the piston, and a
* the usual manner so that the spring will tend { valve for controlling said exhaust ports, sub-
© to bold the eccentric normally in the position stantially as deseribed. | 105
giving a maximum admission of steam to the | 2. The combination with single acting high
40 high pressure cylinder, while the outward | and low pressure cylinders and an interme-
mmovement of the weight produced by the in- | diate receiver in open communication with
creased speed of the engine acts to shift the | the high pressure c¢ylinder, of a piston in the
eccentric in a manner to move the cut off | latter cylinder provided with exhaust ports 110
valve relatively to the main valve ina direc- | extending directly through the piston, a valve
45 tion to decrease the steam supply. - | for controlling sald exhaust ports, and means
- The attachment of the piston rod sections | for actuating said valve embracing parts
to the pistons and the details of construction | which extend through the piston rod, sub- |
in the pistons by which suitable bearings or stantially as deseribed. | | IIf
seats are provided for the valve plates or o. The combination with a single acting '
50 rings K K’ may be of anysuitable character, cylinder and an adjacent receiver into which
the details of construction in these parts | the eylinder opens at one end, said cylinder
‘herein provided for convenience in the con- | being provided with a steam inlet port anda
- struction illustrated being as follows: The | valve for controlling the same, of a piston in rze
- pistons each consist of a single casting made | the cylinder provided with exhaust ports ex-
55 without any passage or opening at its center tending directly through the same and with a
~ excepting a bearing aperture for the bassage | valve for controlling said exhanst ports con-
of the valve stem J. Both adjacent ends of sisting of a valve plate having port openings
the piston rod sections above and below the corresponding with those of the piston, sub- r2g
piston are provided with an outwardly ex- | stantially as described. -
6o tending flange, and the piston rod sections | 4. 'The combination with g cylinder and an
are secured to the piston by vertical bolts adjacent receiver into which the cylinder
¢* d* (Figs. 5 and 6) which pass through said opens at one end, of a piston in the cylinder
- flanges and the central part or hub of thepis- | provided with exhaust ports and with a valve 130
ton in a direction parallel with the axis of | for controlling sald exhaust ports the movable
65 the piston rod, The arms I} by which the | part of which Isadapted to turn aboutan axis
valve plates are connected with the valve | coincident with the ecentral longitudinal axis
stems are inserted beneath the flanges of the | of the cylinder, substantially as deseribed.
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5. The combination with a eylinder and an |

adjacent receiver into which the cylinder
opens at one end, of a piston in the cylinder
provided with exhaust ports, a valve for con-
trolling the passage of steam through saild
ports, the movable part of which is adapted to
turn about an axis coincident with the central
axis of the eylinder, a hollow piston-rod at-
tached to the piston, and valve-actnating de-
vicesextending through the hollow piston-ro d
and connected with the movable part of the
valve, substantially as described.

6. The combination with a ¢ylinder and an
adjacent receiver 1nto which the d¢ylinder
opens at one end, of & piston in the cylinder
provided with exhaust ports, a valve for con-
trolling the passage of steam through said
ports, the movable part ot which is adapted
to turn about an axis coincident with the cen-
tral axis of the eylinder, a hollow pisfon-rod
attached tothepiston,and valve-actuating de-
vices embracing a stem which extends longi-
tudinally through the rod and moves end-
wise with the same, and means having slid-
ing but non-rotating connection with the said
rod for giving motion thereto, substan tially as

described.

7 The ecombination with a eylinder and an
adjacent receiver into which the cylinder
opens at one end, of a piston in the cylinder
provided with exhaust ports, a valve for con-
trolling the passage of steam through said ex-
haust ports, a hollow piston-rod provided with
steam ports and a valve for controlling the
passage of steam throughsaid piston-rod, sub-
stantially as described.

3. The combination with a c¢ylinder and an
adjacent receiver into which the cylinder
opens at one end, of a piston in the cylinder
rovided with exhaust ports, a valve for con-
trolling the passageof steam through said ex-
haust ports, a hollow piston-rod provided with
steam ports, a valve controlling the passage
of steam through said piston-rod and means
for actuating both of said valves embracing

o valve stem which extends through the hol- ;

low piston-rod and is connected with the mov-

able port of both valves, substantially as de- |

seribed. -

9. The combination with a eylinder and an
adjacent receiver with which the cylinder
communicates, of a piston in the cylinder pro-
vided with steam ports, a valve for control-
ling said steam ports, the movable part of
which is adapted to turn about an axis coin-
cident with the central axisof the eylinder, a
hollow piston-rod provided with steam ports
a valve for controlling the passage of steam
through said piston-rod, the movable part of
which is also adapted to turn about an axis
coincident with the central axis of the cylin-
der and means for actuating both of said
valves, embracing a valve stem which extends
through the hollow piston-rod and is con-
nected with the movable part of both of said
valves, substauntially as described.

10. The combination with a eylinder and an

‘opens at one end, of a

ton-rod, a

valve stem comprising parts

‘opens at one end,
| provided with exhaust ports, a valvering oper-

adjacent receiver with which the cylinder
communicates at one end, of a piston in the
cylinder provided with steam ports, a valve
for controlling said steam ports, the movable
partof which is adapted toturn about an axis
coincident with the central axis of the eylin-
der, a hollow piston-rod provided with steam
ports, a valve for controlling the passage of
steam through said piston-rod, the movable
part of which is also adapted to turn aboutan
axis coincident with the central axis of the
cylinder, and means for giving motion to both
of said valves, embracing a valve rod or stem
mounted to turn within the hollow piston-rod
and movable endwise with the same, the actu-
ating devices having sliding but non-rotative
connection with said rod or stem, substan-
tially as described.

11. The combination with a ¢ylinderand an
adjacent receiver 1nto which the cylinder
_ piston in the cylinder
provided with exhaust ports, & valve ring or
plate operating in connection with said ports
to form & valve for econtrolling the passage oi
steam through the said piston, a hollow pis-
valve stem mounted to turn within
the hollow piston-rod and connected with the
said valve ring, and means for actuating said
| having sliding
but non-rotative connection with the same,
substantially as deseribed.

12. The combination with acylinder and an
adjacent receiver into which the eylinder
of a piston in the cylinder

ating in connection with said valve ports, a
hollow piston rod provided with a steam valve,
the movable part of which is adapted to turn
about an axis coincident with the central axis
of the eylinder, and means 1or actuating sald
valves embracing a valve stem mounted to
turn in the said hollow piston-rod and con-
nected with the movable part of sald steam
valve and with the said exhaust valve ring,
substantially as described.

13. The combination with a cylinder and an
adjacent receiver into which the cylinder
opens at one end, of a piston in the eylinder

provided with exhaust ports, a valvering oper-

ating in connection with said valve ports, a
hollow piston-rod provided with steam ports,
o valve for controlling said steam ports, the

movable part of which is adapted to turn about

an axis coincident with the central axis of the
cylinder, and means for actuating said valves,
embracing a valve-stem mounted to turn in
the said hollow piston-rod and connected with
the movable part of said valve and with the

said valve ring, and embracing also a part
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having longitudinally sliding but non-rotat- -
ing connection with the said valve stem, sub-

stantially as described.
14. The combination with a c¢ylinder and an

13

adjacent receiver into which the cylinder

opens at one end, of a piston in the cylinder
provided with exhaust ports,a valveringoper-
ating in connection with said exhaust ports,




a hollow piston-rod provided with steam po'rts',

- ton-rod and connected with

10

a valve-plug turning in the hollow piston-rod
and controlling said steam ports, and means
for actuating the said valves embracing a
valve stem mounted to turn in said hollow pis-

and with the valve ring of the exhaust valve,
substantially as desecribed. |

19. The combination with high and low
pressure cylinders and an intermediate re-
ceiver separated from the low pressnure cylin-
der by a diaphragm or

ders,said pistons being provided with exhaust
ports, valves controlling said exhaust ports,

a hollow piston-rod attached to the said pis- |

sald valve plug

partition forming the
cylinder head, of pistons within said cylin- |

I tdns and passing through said eylinder head,
sald piston-rod being provided with steam:
ports, valves for controlling the passage of

steam through the hollow piston-rod, and
means for actuating the said valves embrac-
ingavalve rod orstem mounted to turn within
the hollow piston-rod and connected with the
movable parts of said valves, substantially as
described. |

In testimony that I claim the foregoing as
my invention I affix my signature in presence

of two witnesses. | |
MILAN C. BULLOCK.

Witnesses
- C. CLARENCE POOLLE,
ALBERT H. GRAVES.
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