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UNITED STATES

PaTENT OFFICE.

MILAN C. BULLOCK, OF CHICAGO, ILLINOIS.

STEAM-ENGINE.

SPECIFICATION forming part of Letters Patent No. 564,001, dated July 14, 1896.
Application filed February 7,1894. Renewed April 29, 1896, Serial No, 589,606, (No model))

To all whom it may concern:

Be it known that I, MiLAN C. BULLOCK, 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 exact description 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 steam-engines of
that kind having a hollow or tubular piston-
rod through which steam is admitted to the
steam-cylinder; andit consistsin the matters
hereinafter described, and pointed out in the
appended claims.

The improvements constituting the inven-
tion are herein shown as applied to a single-
acting engine having a plurality of cylinders
arranged side by side, a single crank-shaft,
pistons in the cylinders attached to piston-
rods which severally engage the cranks of the
shaft, and tubular piston-rods which enter
the steam-chests and through which steam is
admitted to the cylinders, the engine shown
in respeet to the features mentioned being
generally similar to that illustrated and de-
scribed in the prior patentto P. W. Willans,
No. 339,242, dated April 6, 1886.

In the accompanying drawings, illustrating
my invention, Figure 1 is asectional view of
the steam-chests and adjacent parts of the
cylinders, together with a part of the crank-
shaft with eccentric thereon, illustrating one
embodiment of my invention. Fig. 2 is a
sectional plan view of the parts shown in Fig.
1, taken on line 2 2 of the said Fig.1. Fig. 3
is a detail section taken on line 3 3 of Fig. 1,
showing features of construction in the fly-
wheel governor illustrated. Fig. 4 is a view
similar to Fig. 1, showing a vertically-sliding
instead of an oscillatory steam-valve. Fig.5
is a plan section taken on line 5 5 of Fig. 4.
Fig. 6 is a sectional view of one steam-chest
similar to Fig. 1, showing another form of ver-
tically-reciprocating valve. Fig.7is a sec-
tional plan view of the parts shown in Fig. 6,
taken on line 7 7 of said Fig. 6. Fig.81is a
view similar to Fig. 7 of a slightly modified
construction. ‘

As shownin theseveral figures of the draw-
ings, A A indicate the engine-cylinders, B B

the steam - chests attached thereto, C the
crank-shaft, and ¢’ the fly-wheel, of an en-
gine. .

The ecylinders A A may represent either
the steam-cylinders of a simple single-acting
two-cylinder engine or said cylinders may be
the high-pressure cylinders of asingle-acting
double-tandem compound engine, such as is
shown in said prior Willans patent, the fea-

tures of this invention relating more espe--

¢ially to means for controlling the steam-sup-
ply to the hollow piston-rods of engines in
which the steam is supplied through a hollow
piston-rod, and Dbeing equally applicable to
simple and compound engines.

The steam-chests B B are shown as con-
nected by means of a steam-pipe B', to which
is connected a supply-pipe B2 To the pis-
tons D D of the cylinders are.attached hol-
low or tubular piston-rods E E, which pass
through the cylinder - heads A’ A’ into the
steam-chests B B, in the same manner as in
the said prior Willans patent.

Each of the hollow piston-rods E E is pro-
vided with ports e e adjacent to the piston D
for the passage to the upper end of the cyl-
inder A of steam, which entersthe open upper
end of the hollow piston-rod. Unlike the
piston-rod of the Willans patent referred to,
the piston-rod has no internal valve to con-
trol the passage of steam through: the ports
e ¢, and steam entering the open upper end
of the rod is free to pass uninterruptedly to
the cylinder through said ports.

Novalveisherein shown for controlling the
exit of exhaust-steam from the cylinder, and
such valve may be of any suitable construe-
tion—as, for instance, it may be like that
shown in said prior Willans patent, or it may
be like that shown in a prior patent, No.
533,157, granted to me January 5, 1895. The
cylinder-head A’ is provided with a packing
or stuffing box «, closed by a gland or cap
o', by which the escape of steam past the pis-
ton-rod is prevented in the usual manner.

To now refer more particularly to the de-
vices embodying the present invention and to
the form thereof shown in Figs. 1, 2, and 3,
I indicates a wall or tubular partition ar-
ranged vertically within the steam-chest B
in axial alinement with the piston-rod E, and

closed at its upper end, so as to constitute in
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effect an inclosure or chamber within the
steam-chest, in which the upper end of the
hollow piston-rod moves during the stroke of
the piston. Said tube I is provided with
steam-ports f f, through which steam enter-
ing the steam-chest is allowed to pass to the
open upper end of the hollow piston-rod,
steam-tight connections being provided at the
ends of the tube, so as to prevent passage of
steam from the steam-chest tothe hollow pis-
ton-rod, excepting through the ports f f.
Any suitable construction may be provided
for the purpose last mentioned, two of which
I have shown in the accompanying drawings.
As seen in IFig. 4, the tube I¥ is closed at its
upper end, and at its lower end is provided
with an outwardly-extending annular flange
/', which rests on and is bolted to the ring @'
of the stuffing-box. As shown in Fig. 1, the
tube F is made eylindric at its lower end, and
adapted to fit within an annular recess
formed in the ring «’, while the upper end
of the said tube is closed and provided with
a central stem f? which passes through a
central aperture in the top wall of the steam-
chest, and is provided with a nut 73, by which
the tube is firmly clamped in place, and a
steam-tight joint is made to prevent the es-
cape of steam past the stem f°. In this in-
stance the tube F is made of an internal di-
ameter approximately the same or only
slightly greater than theexternal diameter of
the piston-rod, so as to avoid clearance space,
and the ports f are located at a point above

the piston-rod when the same is at the upper

end of its stroke. Said ports f are controlled
by an oscillating valve ring or sleeve G,
which surrounds the tube T, and is provided
with ports g, corresponding in size and an-
gular distance apart with said ports f.  Said
sleeve G is actuated from an eccentric on the
crank-shaft C of the engine, so as to admit
steam through the ports f 7, and to thereby
supply steam to the engine-cylinder at each
stroke of the piston-rod. In connection with
the actuating devices for operating the said
ralve-ring, I have provided a governing de-
vice of that kind known as an ‘‘automatic
cut-off governor,” which acts to control the
movement of the said sleeve in such manner
that the ports f will be opened at each stroke
of the engine to admit steam to the cylinder
to a greater or less extent, according to the
work being done by the engine. Inasmuchas
the steam enters the open upper end of the
hollow piston-rod, and passes therethrough
to the ports e, the admission of steam to the
cylinder is controlled entirely by the valve-
sleeve G.

The devices shown for actuating the sleeve
G are of simple form, and are constructed as
follows: I is a horizontal rod extending
through the steam-pipe B’ and connected with
arms ¢'y" on the sleeve G.  Tisa piston which

slidesin an open-ended cylinder I', formed or
attached to the wall of the steam-chest B at
the right-hand side of the engine, which cyl-
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inder is open at its inner end to the steam
pressure within the steam-chest and at its
outer end to the air, and. is provided with a
packing ¢ to prevent the escape of steam past
the piston I. Said piston is therefore sub-
ject to steam pressure within the steam-chest,
which tends to force the same outwardly.
The piston I is connected at its inner end
with the rod I by a connecting-rod H', and
at its outer end is connected with and gives
movement to a bell-crank lever J by means
of a connecting-rod j. The engine crank-
shaft C is provided with an eccentric K, the
eccentric-rod XK' of which extends upwardly
to and is pivotally connected at its upper end
with the horizontal arm of the bell-crank
leverJ. Saideccentrie, through the medium
of the bell-crank lever, gives reciprocatory
motion to the piston I''and rod H, whereby
the wvalve-sleeve is oscillated. Pressure of
steam on the inner end of the piston I holds
the lower part of the eccentric-strap con-
stantly in contact with the eccentric and all
of the bearing-surfaces of other connected
parts in contact with each other, notwith-
standing looseness of the parts occasioned by
wear, so that perfect smoothness of action and
absence of lost motion is secured. The ec-
centric X is attached to a sleeve KX? which has
lateral movement relative to the shaft, and
said sleeve is moved laterally to vary the
throw of the eccentric by means of a govern-
ing device applied to the fly-wheel of the
kind known as a ‘‘ fly-wheel governor.” As
herein shown, the sleeve K* is connected
by a pivot &' with the hub of the fly-wheel
(', and is connected at its side opposite the
pivot by a connecting-rod ! with a governing-
weight L, the outward movement of which is
controlled by a spring I/, the free end of
which is connected with the weight by a strap
' in a familiar manner.

In Figs. 4 and 5 is shown a construetion
which is in all respects like that shown in
Figs. 1, 2, and 3, with the exception that the
admission of steam through the ports ff of
the tube Fiscontrolled by means of a sliding
ralve-ring G', instead of by an oscillating
sleeve, and the valve-actuating devices are
modified as necessary to give motion to the
sliding ring. In this instance the ring G'
is the form of a simple hollow eylinder sur-
rounding the tube I, and adapted to slide
downwardly on the tube to uncover or open
the steam-inlet ports. For actuating the
valve-ring G’ a horizontal rock-shaft M ex-
tends through the connecting steam-pipe B’
and passes through a stuffing-box B?® in the
wall of the steam-chest at the side of the en-
gine at which the eccentric and governing de-
vices are located. The said shaft is shown
as being supported at one end by said stuffing-
box-and at its opposite end by a bearing aper-
ture formed in the wall of the steam-chest.
Said rock-shaft is actuated from the eceentric
K by means of a horizontal arm M’ on the
outerend of theshaft, which arm is connected,
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with the upper end of the eccentric-rod K’
For communicating motion from the rock-
shaft tothe sliding valve-rings G'G’,said rock-
shaft is provided with rigidly-attached arms
mm, which extend horizontally from the rock-
shaft to points below the valve-ring and are
connected with said valve-ring by upright
links m' m/'.

By the construction described motion is
transmitted continuously from the eccentric
to the ring-valves, and said rings are moved
a greater or less distance to give admission
of steam through a longer or shorter period,
as determined by the action of the fly-wheel
governor, which acts to vary the throw of the
eccentrice-rod in the same manner as hereto-
fore common, and as hereinbefore described
in connection with the mechanism shown in
Figs. 1, 2, and 5.

In Figs. 6 and 7,1 have shown a construc-
tion similar to but somewhat different from
that shown in Figs. 4 and 5. In thisinstance
the ports f f of the tube F are located below
the limit of the movement of the top of the
piston-rod, and the walls of the tube are made
considerably thicker than those of the tubes
shown in Figs. 1 and 4. The upper part of
the piston-rod fits closely within the .said
tube, but the tubeis provided on its inner sur-
face with longitudinal passages f* f*, which
connect with the steam-inlet ports f f and
extend vertically upward to a point above
the upper end of the piston-rod when the
same is at its highest point, so as to afford
communication from the steam-inlet ports f
to the ports e of the piston-rod throughout
the entire stroke of the latter. The construc-
tion described has the advantage of enabling
the steam-chest as a whole to be made shorter
or lower than is possible in the construction
shown in Figs. 1 to 4, where the steam-inlet
ports f are necessarily located at a point
above the upper limit of the movement of the
hollow piston-rod. When the construction
shown in Figs. 6 and 7 is used, the hollow pis-
ton-rod may rise practically to the upper end
of the surrounding tube F. Said Figs. 6 and
7 illustrate a further improvement, by which
steam pressure within the steam-chest, acting

on the vertical sliding valve-ring G, acts to .

thrust said valve-ring constantly in one di-
rection and thus take up the lost motion which
might otherwise arise from looseness in the
joints of the several parts connecting the said
ring with the fly-wheel governor. The ring
G’, in this instance, is adapted to slide up-
wardly on the tube F for uncovering the
steam-inlet ports, and the upper end of the
said ring fits closely within an annular cham-
ber b’, formed between the upper end of the
tube F and the opposing part of the steam-
chest, herein shown as consisting of a depend-
ing flange b* on the top wall thereof. The
upper part of the ring G' is preferably pro-
vided with an annular enlargement ¢?, form-
ing in effect an annular piston. In said an-
pularenlargementis inserted a suitable pack-

pressure will obviously be reversed.

ing-ring ¢%, and a similar packing-ring g* on
the inner surface of the valve-ring makes a
tight joint between said valve-ring and the
tube ¥F. The chamber ' is connected with
the outer air by a small passage b® or other-
wise. Steam - pressure within the steam-
chest, acting on the part of the ring G' which
slides in the annular recess ', tends to thrust
said valve-ring upwardly, and thus maintains
a constant pressure or tension on all the con-
necting parts, including the eccéntrie, where-
by the parts of the pivotal and other joints
are always in bearing against each other in
one direction, and irregularity of action due
to lost motion between the parts thereby en-
tirely avoided.

The devices shown in Figs. 6 and 7 for giv-
ing motion to the valve-ring G’ are like those
illustrated in Figs. 4 and 5, with the exception
that the arms m m of the rock-shaft are in
this instance connected with the ring G' by
pins ¢° ¢% engaging slots in the ends of the
arms m m-instead of by connecting links.

The construction shown in Fig. § differs
slightly from that shown in Figs. 6 and 7 in
having the annular piston ¢g* formed.on the
lower end of the ring G’ and fitted within an
annular chamber ¢®in the stuffing-box gland
o', the chamber ¢® being placed in communi-
cation with the interior of the c¢ylinder by a
small passagea!. Thesteam-pressure within
the cylinder being at all times less than that
within the chest, though the difference is but
slight at the initial opening, a pressure in one
direction only is -maintained on the entire
valve mechanism, with similar good results
to those achieved by the construction shown
in Figs. 6 and 7, although the direction of the
The
construction shown in Fig. 8, moreover, has
the advantage of discharging any steam or
water of condensation whiech may leak past
the piston g*>into the cylinder instead of into
the open air.

It is obvious that the tubular partition or
inclosure arranged as hereinbefore described
constitutes in effect a stationary tubular ex-
tension of the hollow piston-rod, having slid-
ing or telescopic connections therewith, and
that by applying the steam-inlet valve to such
tubular partition I avoid the necessity of using
operative connections for driving the steam-
inlet valve, embracing sliding and telescopic
parts, such as are shown, for instance, in a
prior application, Serial No. 478,148, filed by
me June 9, 1893, or of using an eccentric on
the crank-shaft of the engine, such asisshown
in the prior Willans patent, it being obvious
that by employing such tubular inclosure and
placing the steam-inlet valve thereon said
valve may be operated by connections of sim-
ple form from an eccentric on the crank-shaft
or other moving part of the engine. - One im-

portant advantage gained by the use of such:

stationary tubular partition arises, therefore,
from the fact that it enables the valve to be
actuated by connections of simple character
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which can be easily and cheaply constructed
and are not liable to derangement and of du-
rable character.

An important feature of invention is em-
braced in the construetion by which the valve
arrangement as described is controlled by an
automatic cut-off governing device applied to
the crank-shaft or fly-wheel, in the manner
common in other engines, this construction
having the important advantage of obtaining
all the benefits of a cut-off governor in an en-
gine of the kind to which this invention relates
without unduly increasing the number of
parts orthe expense of construction. Byrea-

son of these advantages, I desiretoclaim, as a’

means of controlling the steam supply to the
engine-cylinder, the said tubular partition
and a valve controlling the port or ports
thereof, togetherwith connections for driving
said valve from a moving part of the engine,
and an automatic cut-off governing device,
without restriction to details of eonstruction
shown.

Certain of thedetailsof construction herein
shown are applicable to other forms of en-
gines; such, for instance, as those in which
the steam-valves are located in or carried by
the hollow piston-rod, as shown and described
in a separate application for patent, Serial
No. 498,634, filed January 31, 1894, and as far
as the claims on suech features are concerned
I do not desire to be limited to other features
of construction shown.

I elaim as my invention—

1. The combination with an engine-cylin-
der, a steam-chest, a piston, a hollow piston-
rod extending into the steam-chest, said hol-
low piston-rod being provided with valve-
ports for the admission of steam to the cyl-
inder, of a wall or partition within the steam-
chest forming an inclosure within which the
piston-rod reciprocates and which is in con-
stant open communication with the interior
of said piston-rod, said wall or partition be-
ing provided with a steam-inlet port, a valve
applied to said port for controlling the admis-
sion of steam to the cylinder, and operative
connections between said valve and amoving
part of the engine for actuating the valve,
substantially as described.

2. The combination with an engine-cylin-
der, a steam-chest, a piston, a hollow piston-
rod extending into the steam-chest, said hol-
low piston-rod being provided with valve-
ports for the admission of steam to the eylin-
der, of a wall or partition within the steam-
chest forming an inclosure within which the
piston-rod reciprocates and which is in con-
stant open communication with the interior
of said piston-rod, said wall or partition be-
ing provided with a steam-inlet port, a valve
applied to said port for controlling the ad-
mission of steam to the cylinder, and means
for actuating said valve, embracing an auto-
matic cut-off governing mechanism, substan-
tially as described.

3. A multiple-eylinder, single-acting en-

gine, embracing a plurality of steam-cylin-
ders, steam-chests attached to the eylinders,
pistons ‘within the cylinders, hollow piston-
rods extending into the steam-chests and
provided with ports for the passage of steam
to the cylinders, and walls or partitions within
the steam-chests forming inclosures within
which the piston-rods reciprocate and which
are in constant communication with theinte-
riors of said piston-rods, said walls or parti-
tions being provided with steam-inlet ports,
valves applied to said ports for controlling
the admission of steam to the eylinders, and
means receiving motion from a moving part
of the engine for actuating said valves, sub-
stantially as described.

4. A multiple-cylinder, single-acting en-
gine, embracing a plurality of steam-cylin-
ders, steam-chests attached to the cylinders,
pistons within the cylinders, hollow piston-
10ds extending into the steam-chests and
provided with ports for the passage of steam
to the cylinders, and walls orpartitions within
the steam-chests forming inclosures within
which the piston-rods reciprocate and which
are in constant communication with the inte-
riors of said piston-rods, said walls or parti-
tions being provided with a steam-inlet port,
valves applied to said ports for controlling
the admission of steam to the cylinders, and
means for actuating said valves, embracing
an automatic cut-off governing mechanism,
substantially as described.

5. Amultiple-cylinder single-acting engine
comprising a plurality of steam-cylinders ar-
ranged side by side, steam-chests connected
by a steain pipe or passage, pistons within the
cylinders, hollow piston-rods extending into
the steam-chests, walls or partitions within
the steam-chests forming inclosures within
which the piston-rods reciproeate, said walls
or partitions being provided with steam-inlet
ports, valves for controlling said ports, and
means for actuating said valves, embracing
an actuating-rod which extends through said
steam pipe or passage and is connected with
all of the said valves, and an eccentric on the
crank-shaft of the engine connected with and
actuating said rod, substantially as described.

6. The combination with a steam-cylinder,
a steam-chest, a piston within the cylinder,

-and a hollow piston-rod extending into the

steam-chest, of a wall or partition forming an
inclosure in which the piston-rod recipro-
cates, said wall or partition being provided
with a steam-inlet port, and a longitudinally-
sliding valve-ring applied to the exterior of
said tubular partition for controlling the pas-
sage of steam through said valve-port, sub-
stantially as deseribed.

7. The combination with an engine-cylin-
der, a steam-chest, a piston within the c¢ylin-
der, and a hollow piston-rod extending into
the steam-chest, of a tubular partition located
within the steam-chest and forming an in-
closure in which the piston-rod reciprocates,
said partition being provided with steam-in-
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let ports, avalve applied to control said inlet-
ports, operative connections between said
valve and the crank-shaft of the engine by
which the valve is actuated, and a piston sub-
jeet to the steam-pressure within the steam-
chest, and connected with the parts which
operate the valve to take up lost motion
therein, substantially as described.

8. The combination with an engine-cylin-
der, a steam-chest, a piston in the cylinder,
and a hollow piston-rod extending into the
steam-chest, said piston-rod being provided
with steam-exit ports, and a tubular wall or
partition forming an inclosure within which
said piston-rod reciprocates, said wall or par-
tition being provided with steam-inlet ports
and with longitudinal spaces or passages at
the sides of the hollow piston-rod affording
constant open communication between said
ports and the open upper end of the hollow
piston-rod, and a valve controlling the ad-
mission of steam through said inlet-ports of
the tubular wall or partition, substantially
as described.

9. The combination with an engine-cylin-
der, a steam-chest, a piston in the cylinder,
and a hollow piston-rod extending into the
steam-chest, of a tube located within the
steam-chest and forming an inclosure within
which the piston-rod reciprocates, said tube
being provided with annularly - arranged
steam-inlet ports, a valve-ring surrounding

said tube and adapted to slide endwise
thereon, an annular piston connected with
said ring, an annular recess surrounding the
tube within which the said piston fits and
slides and which is in communication with a
space subject to lower pressure, and opera-
tive connections with the crank-shaft of the
engine for actuating said valve-ring, sub-
stantially as described.

10. The combination with an engine-cylin-
der, a steam-chest, a piston in the cylinder,
and a hollow piston-rod extending into the
steam-chest, of a. tube located within the
steam-chest and forming an inclosure within
which the piston-rod reciprocates, said tube
being provided with annularly - arranged
steam-inlet ports, a valve-ring surrounding
said tube and adapted to slide endwise
thereon, an annular piston connected with
said ring, an annular recess surrounding the
tube within which the said piston fits and
slides and which is in communication with
the eylinder, and operative connections with
the crank-shaft of the engine for actuating
said valve-ring, 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 POOLE,
HeNRY W. CARTER.
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