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UNTTED  STATES

PATENT OFFICE.

MILAN C. BULLOCE, OF CHICAGO, ILLINOIS.

STEAM-ENGINE.

SPECIFICATION forming part of Letters Patent No. 533,158, dated January 29,1895,
Application filed October 18, 1893, Serial No. 488,664, (No model,)

To all whom it May concern:

Beit known that I, Mir.AN C. BuLrock, of
Chicago, in the county of Cook and State of
Illinois, have invented certain new and use-
ful Improvements in Steam-Engines; and I
do hereby declare that the following is a full,
clear, and exactdeseription thereof, reference
being had to the accompanying drawings, and
to the letters of reference marked thereon,
which form a part of this specification.

This invention relates to reci procating
steam engines and it consists in the matters
hereinafter described and pointed out in the
appended claims. '

The engine herein shown as embodying my
invention is of that kind known as a single
acting double tandem ¢ompound engine, the
same having vertically arranged cylinders
supported on a common base, a single crank-
shaft mounted on said base and provided
with two eranks, and pistons inthe cylinders
attached to the two piston rods which sever-
ally engage the cranks of the shaft; theengine
illustrated being in its main features similar
to that shown in the prior patent to P. W.
Willans, No. 839,242, dated April 6, 1886.

In the accompanying drawings illustrating
my invention: Figure1is a view in side ele.

* vation of an engine embodying my invention.

30

Fig. 2 is a central vertical section thereof,
taken axially through both sets of cylinders,
Fig. 3 is a sectional plan view taken on line

- 3—3 of Figs.1and 2. Fig. 41is an enlarged
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detailsection of certain of the operative parts
shown in Fig. 8. Fig. 5 is a detail cross-sec-
tion taken on line 5—5 of Fig. 4. Fig.6is a
plan view of one of the pistons, showing re-
lief valves therein. Fig. 7 is a sectional view
thereof, taken on line 7—7 of Fig, 6. Fig. 8
is a plan section through one of the cylinders
above the steam valves thereof, showing a
modified construction of said valve. Fig. 9
is a sectional view showing two cylinders and
an intermediate receiver, with valved pas-
sages connecting the receiver with the cylin-
ders. Tig. 10 is a side view of the same.
Fig. 11 is a plan view of the high and low
pressure eylinders and receiver of a double
acting compound engine,showing valved pas-
fages connecting the receiver with the high
pressure cylinder.

~As shown in said drawings, Figs. 1to 5, A
indicates a hollow easting constituting the
base of the engine in which the several eyl
inders and operative parts are mounted.
Within the said base ecasting, at the lower
part thereof, is mounted a horizontal erank-
shaft B having two cranks B’ B’.

C C indicate two upright eylinders affixed
to the top of the base casting A and provided
below. their upper ends with integral parti-
tions or diaphragms C’-C’ which constitute

the heads of the cylinders proper. Said cyl-

inders C.C are open at their lower ends and
communieate with the interior of the hollow
base casting A, which latter is provided with
openings in: its top wall, preferably some-
what larger than the interior diameter of the
cylinders C C, through which openings said

cylinders communicate with the. interior of

the base casting. Said base casting is pro-

.vided below ‘its top wall with a horizontal

partition or diaphragm A’, which formsin the
upper part of said base casting a receiver or
exhaust passage for steam from the cylinders
C C; said receiver being provided with an
exit pipe A? for the discharge of exhaust
steam from the engine. The said cylinders
C C in their parts below the horizontal par-
titions or diaphragms ¢’ ¢/ constitute the low
pressure cylinders of the engine.

D.D are other eylinders which are smaller

‘in diameter than the eylinders C C and are

affixed to the tops of the latter. Said eylin-
ders D-D are provided at points below their
upper ends with horizontal partitions or
diaphragms D’ D’ forming the.cylinder heads,
and the parts of said cylinders below the
diaphragm constitute the intermediate cylin-
ders of the engine. Saideylinders D D are
open at their lower ends and communicate
with the upper parts of the eylinders ¢ C
above the diaphragms ¢’ ' thereof.

E Eindicate a third pair of eylinders which
are still smaller in diameter than the cylin-
ders D D and are affixed to the upper ends of
the latter. Said cylinders E E are provided
below their upper ends with horizontal parti-
tions or diaphragms E’ E’ constituting the
heads of said cylinders. The eylinders E E

are open at their lower ends and communi-
cate with the upper ends of the cylinders D
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D above the diaphragms thereof. The parts
of the cylinders E E below the diaphragms
therein constitute the high pressure cylinders
of the engine.

The upper ends of the high pressure cylin-
ders B E are closed by means of castings or
heads F' ¥ which form with the upper parts of
said eylinders aud the diaphragms or parti-
tions B/ E’ steam chests or chambers I/ F,
steam being supplied to said steam chests by
means of a horizontal steam supply pipe I
which communicates with one of said castings
T, the said castings being connected with each
other by an intermediate pipe I® forming in
effect a continuation of the steam pipe I

The upper parts of the eylinders D D above
the diaphragms D’ D’ constitute steam cham-
bers or receivers between the high pressure
cylinders EEand intermediate eylinders D D,
and, similarly, the upper partsof the cylinders
C O above the diaphragms C” C’ thereof con-
stitute steam chambers or receivers between
intermediate eylinders D D and the low press-
ure eylinders C C.

CtD?E?are pistons located severally within
the cylinders C D and E, and G G are hollow
or tubular piston rods which pass through the
several cylinder heads or diaphragms C’ D’
and B’ and to which the several pistons C*D?
and E? are attached. The diaphragms C’ D’
and E’ are provided with glands or packings
¢ d e to make tight joints around the piston
rods. The said rods are herein shown as
made in several separate parts or sections G’
G? G® and G4, of which the part G” is attached
to the lower piston C? and serves to connect
the same with the crank-shaft. The part G®
connects the piston C? with the piston D? and
the part G®connects the piston D? with the
piston E? and extends into the steam chest
T’. Theseveral partsor sections of the tubu-
lar piston rods are in open communication

with each other through the pistons to which’

they are attached so thatsaid piston rods are
adapted toserve assteam exhaust passages for
the escape of steam from the several cylinders
to the adjacent receivers below them.

The hollow piston rods are provided with
steam ports g g’ located respectively below
and above the lower piston C? with other
steam ports ¢* g° located respectively below
and above the intermediate piston D% and
with steam ports g* ¢° located respectively be-
low and above the upper piston E% The ports
g’ ¢* ¢° constitute exhaust ports by which
steam escapes from the several eylinders into
the hollow piston rod, the exhaust steam pass-
ing from the same into the adjacent receiver
through the ports g g* and g* which are lo-
cated helow the several pistons. Within the
hollow piston rods are located valve rods H
H, which are adapted to move longitudinally
within the piston rod and which carry valve
pistons which operate in connection with the
several ports above described in the manner
of ordinary slide valves to control the exit of
exhaust steam from the cylinders. Iach of

the valve rods H is herein shown as provided
with four valve pistons, three of which, to wit,
A B B2 act in connection with the valve ports
g’ ¢® g° to open and close the same at proper
timesin the operation of the engine. A valve
piston A% which is located below the piston H
serves merely to prevent the downward es-
cape of exhaust steam at the lower end of
the hollow piston rod.

The valve rods I I travel or reciprocate
with the piston rods in which they are located,
but an endwise reciprocatory motion of the
valve rods in the piston rods is produced by
means of eccentries I I attached to the cranks
B’ B’ and transmit motion to the piston rods
by means of eccentrie rods I’ I’ which extend
into the lower open ends of the hollow piston
rods and are pivotally connected with the
valve rods,
rods are attached at their lower ends to hol-
low guide pistons 7* h* which fit and slide
within the lower parts of the hollow piston
rods and within which the eccentric rods are
inserted and secured by transverse pivot pins.

Within the base casting A are two upright
air eylinders J J arranged in alignment with
the steam cylinders. Within said air cylin-
ders are located pistons J’ J’ to which the
hollow piston rods G G are attached at their
lower ends; said pistons being provided with
central apertures for the passage of the eccen-
tric rods I’ I’. Said air eylinders are open at
their lower and closed at their upper ends,
the piston rods passing through packing boxes
or glands in the closed upper ends of said air
cylinders. Each of the pistons J’ J is con-
nected with the erank B’ of the shaft by two
connecting rods J? J? located one at each side
of the eccentricI and eccentric rodl’ and en-
gaged at their upper ends with transverse
bearing pinsjj secured in the piston J’. The
air cylinders and pistons thus constructed
take the place of the cross-head guides and
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As herein shown the said piston
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cross-heads commonly used in steam engines

and also serve by the compression of the
air within the upper ends of the cylinders
in the upstroke of the piston rods to greatly
retard the movement of said piston rods
and connected parts and to thereby absorb
the momentum of the same and maintain
the conneeting rods in compression at all
times during the upstroke, Said cylinders
J J are provided with air inlet openings j’
4’ to afford access of air to the cylinders at
each down stroke of the pistons. As faras
the air cylinders and eccentric connections
for actuating the valve rods are concerned,
the construction is like that shown in said
prior patent to P. W. Willans, hereinbefore
roferred to. In the engine herein shown, as

in the engine illustrated in said patent to
Willans, the pistons of the several cylinders
are actuated by steam acting in the upper
ends of the eylinders only, while the exhaust
steam from each eylinderin the upward stroke
of the piston therein passes from the upper
end of the cylinder through the hollow piston
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rod to the steam space or receiver in the up-

" per partof thelarger eylinder below it. Each
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cylinder being in communication at its lower
end with the upper compartment of the adja-
cent larger eylinder, exhaust steam entering
the upper parts of the cylinders C and D in
the upstroke of the several pistons will be
free to enter-the lower parts of the cylinders
D and E below the pistons therein, so that
the upper chambers of said eylinders D and
E together with the lower parts of the cylin-
ders D and E below the pistons in the latter
will in effect constitute the steam chambers
or receivers between the said eylinders. .
As illustrated in said prior patent to Wil-
lang, steam is supplied to the several cylin-
ders through the hollow piston rods, but as
herein shown steam passes from the steam
chestin theseveral receivers directly through
the cylinder heads to the upper ends of the
several cylinders; steam inlet ports being pro-
vided in the several eylinder heads or dia-
phragms C’ D’ and E’, and suitable valves
being provided for controlling said ports.
Said steam inlet ports and valves being alike
in the several cylinders a description of the
valve mechanism for one eylinder will serve
forall; the valves, ports and parts of the valve

‘mechanism connected with all of the eylin-

ders being for convenience lettered in the
same manner in the drawings.

Referring first to that form of valve shown
in the main figures of the drawings (Figs. 1
to 5), the diaphragm or partition forming the
cylinder head is provided outside of the gland
or packing box therein with an annular valve-
seat K in which is formed a series of ports or
openings & % % which extend through the said
diaphragm or partition into the eylinder be-
low,and are arranged at equal distances apart
around the cylinder head. On the said valve
seat K rests a valve ring L, which is provided

-with a plarality of ports I { corresponding in

number and angular arrangement with the
ports k k k of the cylinder head. Said annu-
lar valve ring preferably fits at its inner and
outer margins against eylindric bearing sur-
faces &’ k* formed atthe inner and outer mar-
gins of the valve seat K to more effectively
prevent the escape of steam past the margins
of the valve ring while enabling the same to
rise under an excessive back pressure pro-
duced by water in the ceylinder.
dric bearing surface &’ at the inner margin
of the valve seat is herein shown as formed
on the exterior of the stuffing box which is
located at the center of the diaphragm.
Devices are herein shown by means of
which oscillatory motion is communiecated to
the several valve rings from a reciprocating
part exterior to the cylinder as follows: The

valve ring L. is provided at its inner margin

with an upwardly extending cylindrie flange
L’ which fits upon the cylindric bearing sur-
face &’ of the valve seat. Misa horizontally
arranged rod which extends through the
steam space of the cylinder at a point oppo-

The eylin-

site the flange L', the ends of which are at-
tached to pistons m m’, which pistons slide
inhorizontal eylinders N N” which are formed
on or are attached to the exterior wall of the
cylinder and open at their inner ends into
the receiver or exhaust steam space. The
pistons m m’ are adapted to slide within the
cylinders N' N so as to permit endwise récip-
rocatory motion of the rod M and said pis-
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tons are provided with suitable pbackings .

serving to prevent the esecape of steam past
the pistons. The rod M is connected with
the valve ring L by means of flexible metal
strips m® m? which are attached at their oppo-
site ends respectively to the rod and to the
flange L’ of the ring; each strip being at-
tached at one end to the rod and at its oppo-
site end to the flange, and the strips being ar-
ranged to extend past or overlap each other
8o that movement of the rod in one direction
will by tension on the strip turn the ring in
the same direction, and movement of the rod
in the opposite direction will similarly act to
turn it in said opposite direction; the strips
being arranged to rest upon and extend over
the curved surface of the flange in their barts
whiech are in contact therewith. Asa means
of attaching the ends of said strips m? m? to
the flange the latter is shown as provided
with lugs " (Fig. 4) through which are in-
serted bolts m® m® which are provided with
eyes engaged with loops formed on the ends

~of the strips, said bolts being provided with

nats by which the strips may be tightened.
Each strip is adjustably attached to the rod
through the medium of a sliding sleeve m* to
which the ends of the strip is secured by a
nut 7m° which engages a screw-thread on the
rod and which is connected with the sleeve
m*by meansof a flange and connecting sleeve
or thimble m® which engages annular grooves
in the sleeve and nut so that the nut may be
turned to effect endwise adjustment of the
sleeve on the shaft without the turning of the
sleeve. Said sleeve is shown as made in two
parts or sections held together by awrapping
of wire whereby it may be readily detached
and applied.

Ashereinshown the valverods MM of the op-
posite cylinders of the engine or those which
are side by side are arranged in alignment
with each other and connected at their ad-
jacent ends by means of a rod M’ which passes
through adjacent heads n n of the cylinders
N N’ and issecured to the pistons m m’. The
valve actuating rod M which is-nearest the
exterior valve actuating devices is connected
with the same by means of a stem or rod M?
which extends through the head » of the eyl-
inder N in the manner illustrated in Fig. 3.

As a means of giving motion to the sey-
eral actuating rods of the steam inlet valves,
devices are herein provided as follows:

O is a rod which is arranged vertically at
onesidsof the engine and isgiven a vertically
reciprocatory motion through the medium of
an eccentrie P with which it ig connected by
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an eccentric rod p. The rod O slides at its
oppositeends in brackets o o attached, in the
instance shown, to the base casting and high
pressure cylinder of the engine.

Q Q’ and Q?are three rock-shafts which are
mounted in brackets ¢ ¢’ ¢° attached to the
cylinders C D and E and through the medium
of which motion is transmitted from the rod
O~to the several valve actuating rods M? M?
M2 Each of the rock-shafts Q Q' Q*is pro-
vided with a horizontal arm ¢* which is con-
nected at its outer end with the rod O by links
¢° ¢f, through the medium of which oscillatory
motion is transmitted to the said arm and the
rock-shaft to which it is attached. Fach of
said rockshaftsis, furthermore, provided with
an upwardly extending arm ¢° ¢° ¢° which
is forked at its upper end and connected with
the outer end of the adjacent rod M? by
means of links ¢* ¢°. The construction de-
seribed obviously affords a simple means of
commuunicating horizontal oscillatory move-
ment tothe several valve rods from the-eccen-
trie P on the main shaft.

The eccentric P is herein shown as mounted
to turn op the shaftand as actuated by a gov-
erning device whereby the movement of the
several valves may be automatically con-
trolled.

In the particular construction illustrated
the eccentric P is actuated by means as fol-
lows: The said cam P isattached to or formed
on a sleeve P’ which is mounted on the shaft
B adjacent to the belt pulley B* which is at-
tached to the shaft adjacent to the said ec-
centric. Pivotally mounted at one side of
the pulley B? is a lever R, Fig. 1, which car-
ries at one end a weight R’ and is connected
at its oppositeend by a rod r with a rigid arm
p’ on the sleeve P’. A spring$ is attached to
the wheel rim at one end and is connected at
its opposite end with the weighted end of the
lever R by means of a strap or cord s. This
spring serves to hold the weight normally at
the inward limit of its movement and the
parts are so adjusted that when the weight is
held at its inward position by the spring the
eccentric will be in position to give a maxi-
mum admission of steam to the several cylin-
ders. As the speed of the engine increases
the weight R’ will move the lever in opposi-
tion to the action of the spring and will
thereby turn the eccentric so as to cut off the
steam supply at such point in the stroke of
the engine as may be determined by the speed
of the same,

The actuating deviee for the valves which
is here illustrated is only one of a number of
such devices which may be used for this pur-
pose and is herein shown merely for the pur-
pose of illustrating one convenientand prac-
tical way of giving motion to the valves.

In the operation of the engine illustrated
it is obvious that the several valves of the
three eonnected cylinders C D and E will be
moved at the same time to admit steam to
the several cylinders, so that while the steam

i 533,158

atboiler pressureisactingonthehighpressure
eylinder,steam previously exhausted from the
high pressure and intermediate cylinders will
be acting on the pistons of the said interme-
diate and low-pressure cylinders. It will be
observed, furthermore, that inasmuch as the
steam inlet ports lead directly through the
eylinder heads or partitions, steam will pass
from the steam chest or receivers to the ad-
jacent cylinders by the shortest possible path
and without coming in contact with any ex-
tended steam passages, or in contact with
steam passages through which exhaust steam
has previously passed, so that loss by con-
densation is greatly lessened. It will also be
noted that the steam inlet ports may by the
construction described be made of ample size
to give the utmost freedom of delivery and
prevent possibility of wire drawing of the
steam; it being obvious that a large part of
the area of the cylinder head may be utilized
for the valves and valve ports.

In Fig. 8 1 have shown a construction in
the steam inlet valve adapted to producesub-
stantially the results obtained by the valve
hereinbefore deseribed, but containing a re-
ciprocating plate or gridiron valve instead
of an oscillatory ring valve. As shown in
said figure, the cylinder head is provided
with a flat valve seat T having a plurality of
narrow and elongated valve portsi¢farranged
parallel with each other. On the said valve
seat rests a valve plate U which is adapted
to be reciprocated in a direction transverse
to the valve ports ¢ { and is provided with
ports u u corresponding in number and loca-
tion with said ports ¢ . Lateral guide sur-
faces ¢’ ' are provided for engagement with
the side margins of the valve plate and the
latter is provided with a central aperture u’
through which passes the piston rod, said
aperture being made of sufficient width to
extend around the central hub formed by the
stuffing box. A valve stem U’ is shown as
attached to one side of the valve plate and
as extending outwardly through a stuffing
box in the wallof the steam chest or receiver,
said valve stem serving to connect the valve

with a suitable actuating device, such, for in-

stance, as that illustrated in Figs. 1 to 5.

It is obvious that the closing of the several
steam admission valves under the action of
the automatic governing device at the time
of a sudden increase in the speed of the en-
gine will result in a considerable compres-
sion of the steam within the receivers owing
to the fact that the descent of the pistons
in the eylinders will produce a decrease of
the steam area of the receivers and a con-
sequent increase of pressure therein. The
back pressure on the pistons thus produced
will obviously have the effect of retard-
ing the movement of the pistons and thus
promptly decrease the speed of the engine,
and will thereby be of great benefit in secur-
ing prompiness of action in the governing de-
vices. Inasmuch, however, asthe steam com-
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pression thus produced in the receivers will
be produced mainly by the inertia of the mov-
ing parts, it may in some cases become ex-
cessive or-dangerous, as for instance when
the steam is suddenly cut off atan early point
in the stroke of the piston, and in order to
avoid liability of breakage at such time and
at the same time to secure a means of more
aceurately regulating the action of the gov-
erning devices and the speed of the engine, [
employ passages leading from the receivers
to the cylinders and provide the said passages
with relief valvesopening toward ‘the eylin-
ders from the receivers, said relief valves be-
ingheld closed by springs or weights adapted
to yield to allow the opening of the relief
valves when the pressure within the receivers
becomes excessive. In the form of engine
shown in Figs. 1 to 5, such valved relief pas-
sages may be located in the pistons D? and
E? of the cylinders D and E, and in the detail
views Figs. 6 and 7 I have shown the con-
struction of a piston containing such pas-
sages and valves. Inthisinstance relief pas-
sages are indicated inthe drawings by V, the
upwardly opening valve disks for closing the
bassages by V’, and the springs which hold
closed the valves by v; said springs having
the form of coiled springs surrounding a stem
2" on the valve disk. A nut »?on the valve
stem enables the tension of the spring to be
regulated so that the valve will open at a
greater or less pressure as desired. It is ob-
vious that in the operation of the parts thus
constructed any excess of pressure in the re-
ceiver above that which is desirable for the
purpose of checking or retarding the speed
of the engine, will result in the opening of
the relief valves referred to and the upward
bassage of steam from the receivers into the
cylinders, so that excessive steam pressure
will be avoided, while at the same time there
will be no loss of energy by the escape of
steam from the engine.

Another, and in some respects a preferable

construction, in means for providing relief |

passages for the purpose referred to is shown
in Figs.9and 10. Inthisinstancesaid relief
passages instead of being made in the pis-
tons are formed by means of pipes W W lo-
cated outside of the cylinders and leading
from the receivers upwardly to the upper
ends of the cylinders above the same. The
pipes W W are provided near their lower
ends with relief valvesw w which are held
closed by means of levers v’ having sliding
weights «w? in the manner of an ordinary
safety valve. These weights will be adjusted
on the levers to permit the opening of the re-
lief valves at any pressure which may be best

- adapted for the purpose. In this instance as
in the case of the spring actuated relief valves
shown in Figs. 6 and 7, it is thought that the
valves will be set to open at a pressure of from
five to fifteen pounds persquare inch, this giv-
ing as much back pressure on the pistons as it
is thought will be usually desirable for check-

65

ing the speed of the engine; it being of course

understood that the pressure within the re-
ceiver will ordinarily be much greater than
this and that the valves will open when the
pressure in the receiver exceeds that within
the eylinder above it to the degree indicated.
It will of course be understood, however, that
the valves way under some circumstances be
set to open ata less or greater pressure than
is included within the limits indicated. I
have shown at the upper ends of the pipes W
"W secondary relief or check valves w® which
will serve merely to prevent said pipes from
being filled by steam from the cylinders and
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thus avoid an excessive amount of steam

space or clearance. The construction shown
in Figs. 9 and 10 wherein the relief passages

are outside of the eylinders has the advan-.

tage over that in which therelief valves are
formed in the pistons of enabling access to be
had to the valves at all times for the purpose
of adjusting the same as may be required to
Secure a most favorable action of the regu-
lating or governing devices as a whole.
While the employment of valved relief
passages such as are above deseribed is of es-
pecial advantage in connection with single
acting compound engines, the same principlos
of construction may also be applied with ad-
vantage to a double acting componnd or mul-
tiple expansion engine. In an engine of this
kind while there is nodiminution of the area
of the receiver such as is produced by the
down stroke of the piston in a single acting
engine of the type herein shown, yet the clos-
ing of the several steam admission valves at
an early point in the stroke of the piston in
such double acting engine is liable to simi-
larly produce an excess of pressure in the re-

“ceiver by reason of the fact that all escape of

steam from the receiver is thereby prevented
while the exhaust steam within both ends of
the eylinder will be forced into the receiver
in the back stroke of the piston in both di-
rections. :

In Fig. 11 I have shown two cylinders X X’

"of a compound engine, an intermediate re-

ceiver X* and a pipe « leading from the re-
ceiver and provided with branches X’ X’
which communicate with the opposite ends of
the high pressure cylinder X’.” The pipes '
x’ are provided with weighted relief valves a?
a*and also with check valvesz8a? correspond-
ing in construction and function with the re-
lief and check valves shown in Figs. 9 and 10,
In a construction of this kind it is obvious
that when the steam admission valves of both
cylinders are closed at an. early point in the
strole of the piston Ly the action of the gov-
erning devices upon asudden increase in the
speed of the engine, occasioned by a decrease
of load, it will result in & considerable in-
crease of pressure in the receiver, but that
any excess of ‘pressure within the receiver
over that for which the relief valves are set
will result merely in the passage of steam
through the relief passages into each end of
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the cylinder behind the piston as the latter
moves in both directions; the steam merely
passing from oneside of the piston to the other
in the motion of the same in each direction so
as to prevent any pressure within the receiver
greater than that within the eylinder plus the
pressure required to open the relief valves.
The back pressure thus produced on the pis-
ton obviously serves to retard its motion in
both directions and to thus promptly eheck
the speed of the engine while at the same time
excessive or dangerous pressure in the re-
ceiver is avoided.

The employment of relief passages for pre-
venting excess of pressure in the receiver is
of advantage in both single and double act-
ing engines for the reason that it avoids ex-
cessive pressure within the receiver at the
time the admission valves are open for the
escape of steam to the low pressure cylinders,
so that the admission of steam under high
pressure to the low pressure cylinders at the
time a decrease in the speed of the engineis
desired is avoided; it being obvious that with-
out such relief valves the steam will be under
the greatest compression in the receiver at the
time the steam admission valves are opened.

1t is to be understood that the construction
described in the relief passages is foruseonly
under exceptional circumstances and for the
purpose of controlling the engine under quick
or great variations of load, and in order that
the compression of thesteam in the receivers
shall have no undue retarding effect in the
usual working of the engine,the area of each
receiver will be soproportioned to that of the
cylinder with which it communicates that the
steam pressure within the receiver will not
materially exceed that of the steam within
the cylinder at any time during the travel of
the piston; it being obvious that at the end
of thestroke the exhaust valve will be opened
with the result of establishing an equality of
pressure at opposite sides of the piston. This
may be better understood by consideration of
the fact in connection with the single acting
engine shown in Figs. 1 to 5 that at the time
the steam valves are closed by the governing
devices in the usunal running of the engine,
the steam pressure within the receiver will be
materially less than thatin the cylinder from
which it receives steam, so that a considerable
movement of the piston must take place after
the admission valves are closed before the
steam inthereceiver is compressed to a degree
sufficient to make the pressure in the receiver
equal to that within the cylinder. By so pro-
portioning the size of the receiver to that of
the cylinder that the pressure within the re-
ceiver will not equal or exceed that within
the eylinder at any time during the stroke of
the piston when the engine is running atnor-
mal speed and with theload for which it is de-
signed, the expansive action of the steam will
be effective for doing work throughout the
full stroke of the piston.

As far as above stated, the conditions pre-

vailing in the usual working of the engine
have been considered, but when the auto-
matic governing device is brought into serv-
ice the conditions will be somewhat different
because in such case the excessive speed of
the engine will be checked by the closing of
the several steam valves at an early point in
the stroke or when little or no steam has been
admitted to the cylinders. When the steam
supply is thus eut off from the several low
pressure cylinders for the purpose of check-
ing the speed of the engine, it is obvious that
a larger quantity of steam will be contained
within the receiver at the moment when
the admission valves are closed than when
the engine is running at normal speed. It
follows that under these circumstances the
steam pressure within the receiver will be
greatly increased by the compression and
were it not for the presence of the relief pas-
sages deseribed, might greatly exceed that
within the cylinders. When the relief pas-
sagesare present however, the excess of press-
ure at the receiver side of the piston under
such circumstances will only be such as is
found desirable or necessary for promptly
checking orretarding the speed of the engine.
When the pressure within thereceiver isless
than that required for opening the relief
valves the retarding pressure on the piston
will obviously be greater or less according to
the point at which the steam is cutoff; it be-
ing obvious that where the admission valves
are quickly'closed under a greatdiminution of
load the pressure in the receiver will be great
and the retarding effect considerable, while
if the decrease of load is only slight the ad-
mission valves will be closed at a later point
in the stroke, the amount of steam confined
will be less and the retarding pressure will
be correspondingly small. The construction
described, therefore, affords a certain and re-
liable means of regulating the speed of com-
pound engines by which is avoided the slow-
ness and uncertainty of action which neces-
sarily results where the governing devices
are applied to the steam admission valves of
the high pressure cylinder only in which case
several strokes of the engine must take place
before the shutting off of the steam supply
can have itsfull effect in deereasing the speed
of the engine; it being obvious that under
such circumstances the steam already ad-
mitted to the high pressure cylinder must
exercise its expansive foree step by step in
all of the cylinders before its energy is ex-
hausted.

In this connection it is to be noted that in
an engine provided with regulating devices
constructed as herein described, excessive or
retarding pressurein the receiver is notlikely
to occur except when the governing device is
operated to control the engine under a sud-
den change of load; it being obvious that
when the engine is running continuously un-
der a light load and the steamis cut off atan
early point in the stroke of the piston, any
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great pressure in the receiver is not likely to
oceur because under these conditions only a
small quantity of steam will be admitted to
the cylinder before the valve is closed, and
the steam thus admitted will expand greatly
on entering the receiver, so that a relatively
small pressure will exist in the receiver not-
withstanding the relatively great reduction
of the steam area of the receiver occasioned
by the movement of the piston afterthe valves
are closed. It is therefore only under excep-
tional circumstances that excessive pressure
will be present in the receiver and then only
at times when such pressure will be useful
for the purpose of retarding the speed of the
engine. -

I claim as my invention—

1. The combination with a cylinder and an
adjacent steam chest or receiver, of a piston
in the eylinder, a hollow piston rod attached
to the piston and provided with exhaust ports,
a valve for controlling the passage of exhaust
steam throngh said piston rod, a cylinder head

. or diaphragm separating the eylinder from

25

30

the said steam chest or receiver and provided
with steam inlet ports, a valve acting in con-
nection with the said inlet ports to control
the admission of steam to the cylinder, and
means for actuating the said steam inlet and
exhaust valves, substantially as described.
2. The ecombination with a cylinder and an
adjacent steam chest or receiver, of a piston

.in the eylinder, a hollow piston rod attached

35

40
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to the piston and provided with exhaust
steam ports, a valve for controlling the pas-
sage of exhaust steam through said piston
rod, a cylinder head or diaphragm dividing
the cylinder from the said steam chest or re-
ceiver and provided with steam inlet ports, a
valve acting in connection with the said inlet
ports to control the admission of steam to the
cylinder, the steam admission valve being
actuated by an eccentric on the crank-shaft,
and the exhaust valve being actuated by an
eccentric on the crank pin of said shaft, sub-
stantially as described.

3. The combination with high and low press-
ure cylinders and an intermediate receiver
separated from the low pressure cylinder by
a partition or diaphragm, of pistons in said
cylinders, a hollow piston rod carrying said
piston, said piston rod being provided with
exhaust ports,a valve for controlling the pas-
sage of exhaust steam through said piston
rod, steam inlet ports located in said parti-
tion or diaphragm, a valve acting in connec-

~ tion with said steam inlet ports to control the

65

passage of steam from the receiver to the low
pressure cylinder, and means for actuating
said exhaust and steam inlet valves, substan-
tially as described. : .

4. The combination with single acting high
and low pressure cylinders and a receiver
located between the same and in open com-
muniecation with the adjacent end of the high
pressure eylinder, of pistons within the eylin-

ders, a single piston rod to which said pistons
are attached steam admission and exhaust
valves for the cylinders, means for positively
actuating the exhaust valves, and means for
actuating the steam admission valves, em-
bracing an automatic cut-off governor, sub-
stantially as described. i

5. Thecombination,with high and low press-
urecylinders, and an intermediate receiver in
open communication with the high pressure
cylinder, of pistons within the eylinders, a sin-
gle piston rod to which said pistons are at-
tached, exhaust valves for the eylinders, a cyl-
inder head or diaphragm separating the low
pressure cylinder from the receiver and pro-
vided with steam inlet ports, a valve fer clos-
ing said inlet ports, means for actuating the
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inlet and exhaust valves, and an automatic -

governor controlling the movement of the in-
let valves, substantially as deseribed.
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6. The combination with kigh and low press-

urecylinders and an intermediate receiver
separated from the low pressure cylinder by
a partition or diaphragm, of pistons in said

9o

cylinders, a hollow piston-rod carrying said -

pistons, said piston-rod being provided with
exhaust ports, a valve for controlling the pas-
sage of steam through said piston-rod, steam
inlet ports located in said partition or dia-
phragm, a valve for closing said inlet ports,
and an automatic governor controlling the
latter valves, substantially as described.

7. The combination with high and low press-
ure eylinders,and a receiver located between
the same, of pistons within the eylinders,
steam admission and exhaust valves for the
cylinders, means for actuating the valves, an
automatic governor controlling the movement
of the admission valves, and a valved relisf
passage connecting the receiver with the high
pressure cylinder, whereby excessive pressure
in the receiver due to the early closing of the
admission valves will be relieved by discharge
into the high pressure eylinder, substantially
as deseribed. ;

8. The combination with high and low press-
ure cylinders, and a receiver located between
the same and in open communication with the
adjacent end of the high pressure eylinder, of
pistons within the cylinders, steam admission
and exhaust valves for the cylinders, means
for actuating said valves, an automatic gov-
ernor controlling the movement of the admis-
sion valves, and a valved relief passage con-
necting the receiver with the high pressure
cylinder, whereby excessive pressure in the
receiver, due to the early closing of the steam
admission valves,will be relieved by discharge
into the high pressure eylinder, substantially
as described. ‘

9. The combination with high and low press-
ure cylinders, and a receiver located between
thesame, and in open communication with the
high pressure eylinder, of pistons within the
cylinders, steam admission and exhaust valves
for the cylinders, means for actuating said
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valves, an antomatic governor controlling the
movement of the admission valves, and a
valved relief passage in the high pressure pis-
ton, whereby excessive pressure in the re-
ceiver, due to the early closing of the admis-
sion valves, will berelieved by discharge into
the high pressure cylinder, substantially as
described.

In tetimony that I claim the foregoing as
my invention Iaffix mysignature in presence
of two witnesses.

MILAN C. BULLOCK.

Witnesses:
C. CLARENCE POOLE,
TAYLOR E. BROWN.
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