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To all whom it may concermn:

Be it known that I, CLINTON A. TOWER, a
citizen of the United State% residing o at Cleve-

land, in the county of Cuy aho o, and State of
Oth have invented certain new and useful

Improvements in Double-Acting Engines; and
I do hereby declare that the followmﬂ 1S a

fuall, clear, and exact description of the inven-

tmn which will enable others skilled in the
art to which 1t appertainsto make and use the
same,

My invention relates to improvements in
steam-engines of the class known as “double-
acling engines,” having pistons at right angles
to each other :zmd a ela,nk shaft in the plstons
whereby dead-centers are overcome and a
high-speed engine of uniform and easy move-
ment Is obtained.

T'o this end the invention consists, broadly,
in an engine having four circular pistons
working in circular elmmber , two of which
chambels are stationary and two movable,
all as shown and described, and particularly
pointed out in the claims.

In the accompanying drawings, Figure 1 is
a side elevation of an engine which embodles
my invention, the view showmg particularly
the valve-operating mechanism. Fig. 2 is a
plan view thereof. Fig. 3 is a central sec-
tional elevation on line z z, Fig. 2. Fig.4isa
horizontal sectional view on line Y Y, I‘w 1.
Fig. 5 is a central sectional elevation on lme
z z, Fig. 1. Tig. 6 is a view of the central
portlon of the casing with, say, the top valve-
cap shown in Fig. 1 removed and disclosing
the shape of the chamber in the casing and
the relation of the top piston and its case to
sald chamber. Ifig. 7 1s a perspective view
of one of the four valves. Fig. 8 is a side
elevation of the innerpiston-cylinder with the
pistons at the sides detached, and showing
the bearing for the crank-shaft in the connec-
tion between the inner pistons.

The original drawings show an engine of
one-half-horse-power capacity at a speed of
three thousand revolutions per minute, and
the engine is designed especially for running
dynamos in the generation of electricity,
although it is equally well adapted for other

work where speed and regularity of move-.

ment are needed.
In the drawings, 2

represents the c&sing,

| anda o the base upon which the casing rests.

It will be understood, however, that while a
certaln position of the engine is shown here
the position 1s not material, as the engine will
work equally well in different positions—that

is, it might be set on either of what appear
‘here as'its ends or turned upside down.
| obvious, also, that the respective ends and

16 1s

sides of the entire structure are duplicates of
one another, the two opposite pistons and the
portions of the casing in which they work be-
ing identically the same. Ience the pistons

at the ends are interchangeable with one an-
other, as also are those at the side. Thesame

1strueof the valves, all four of which are alike.
Thetwosidesofthecasinglikewisearethesame

in construction, and are each provided with

steam-passages running at right angles to one
anotherto communicate with the chambers at
the headsof the respective pistons throughthe
valves. Ilence eitherside may be used as the
supply side for steam, and eitber as the ex-
haust; but when one is used for the supply
the other necessarily becomes the exhaust
side. ThusforthisdescriptionT have marked
the front as the supply side, with supply-pipe
S and distributing channels or passages 4.
(Seen long 1tudma,11y at the center of the cas-
ing in I‘lﬂ 4 and vertically in Fig.5.) Onthe
reverse: side is the exhaust pipe or opening kK,
having exhaust-passages 5 (shown in Figs. 4
and 5) leading thereto from the respective
steam- chamberb before the pistons through
the several valves to the exhaust.
Therespective steam-passages 4 and J angle
at the drive-shatt, and an enlarged annular
opening is made in the casing at this Ppoint,
and a 4:3011*espondmn annular groove 7 18
formed in each bearing-nut S Lo enable the
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steam to pass around the nut and have free

flow through the passages. The casing is
threaded on either side of the steam- -passages,
as is also the nut S, whichis threaded on both
sides of the groove 7 to engage the casing and
form a firm support for the shaft, as well as
toconfing thesteam. ‘I'hecasing thus formed
15 adapted to the use of four pistons, two of

‘which work, say, horizontally and two verti-

cally. The horizontal pistons 9 work in close-
fitting chambers 10, formed in the main cas-
ing, and the plstons 11 work in a cylinder 12,

set into the main casing at right angles to
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chambers 10, The main casing has an {Jnll
shaped chiamber, as plainly scen in Fig. 7y In
which the eylinder 12 is adapted to recipro-
cate laterally, and has short arms 13 at ecither
side of 1ts eenter, upon whichthe 1)1-~t011s‘) are
fixed Dy long Dolts 14, as plainly seen in Ifig.
3 If it were not for the fact of placing the
pistons in the casing, the pistons 9 might be
cast integral with the evlinder 12. As it is,
the pistons 9 are bolted to the eylinder after
cach has been placed separately in its cham-
ber. It will thus be observed that the eylin-
der 12 and its attached pistons 9 have a uwht
and left hand movement together within their
respective chambers, and this movement in
cither direction is limited by the throw of
the erank 15 on the drive-shaft, the relative
length of which is shown in I 2. 5. Both
ends of the cylinder 12. are confined by the
cap and base, respectively, and its sides are
here shown as flattened slightly, as seen at 16,
I1g.0,to work against the flat faces 17 on the
sides of the casing and keep the eylinder in
perfect alignment. Centrally through the
sides of the eylinder 12 are slots 18, which
afford room for the lateral movement of the
cylinder on- said shaft, and the crank 15
works inside the cylinder between theseslots.
Within the cylinder 12 are the pistons 11,
connected by a neck 187, which, in this in-
stance 1s cast solid with the pistons, but may
be made separate, if preferred. This neck
has a transverse open slot 19 at its center,
which forms part of a bearing for the erank
15, and the bearing is Completed by a block
20, fitting in said slot and prov vided with a
conical hole 21, If1g. 3, which is entered by ¢
scérew bolt or pluﬂ' 22, having a tapering end
to enter said hole and tighten the block in
proportion as sald plug is turned home. The
plug 22 passes through the upper or exposed
piston, and the shaft and block are not placed
1n posttion until after the eylinder 12 has
been placed in the casing. Now, having the
several pistons armnned as shown and de-
scribed, the steam ehe‘sts or chambers are
closed by caps 25 at the end of the casing
and cap 24 at the top. In the present con-
struction the base 3 closes the lower portion
of eylinder 12 and forms a chamber for the
lower valve. Ior the other valves the caps
-3 and 24 are provided with valve-chambers.
Each of the valves 25 has a stem 26 project-
ing from one end through the cap, which con-
fines thevalve in its place,and on these stems
are fixed short arms 27, provided with set-
nuts for convenience of adjustment. Each
arm has a rod 2%, connected with a common
ring 29, which works on an eccentric 30 on
the main shaft,and through which the move-
ments of the valves are effected. By this
mechanism, after the requisite adjustment of
the several valves has been made so that each
will open and reverse at the proper time, the
flow of the steam is automatically controlled,
asinotherengines. Toestablishthenecessary

444 259

cach valve has a transverse cul or groove Sl
near its ends and two parallel slots or grooves
52, separated by a narrow partition 33, and
cach terminating at its outer end in the
transverse cut.  The outer od ges of each slot,
are cut down toward one uld, as at 34, Ifig. 7,
so as to facilitate the flow of the stemn. 'T‘Im
respective caps which close the steam-cylin-
ders have openings 39, which communiecate
between the regular steam-ducts 4 and 5 in
the main casing and the valve-chambers, or,
to be more explicit, with the slots and grooves
51 and 32 1n thevalve 25. Then to complete
the steam-cireulation each head or cap 23 24
has anarrow longitudinal slot 36, which opens
a passage between the space in the steam-
chest before each piston and the valve and
valve-chamber, and the steam enters and ex-
hausts through this slot, according as one or
the other of the grooves 32 registers there-
with—that is,if the valve be rotated to a cer-
tain position steam will be admitted th rough
ports or duets 4 55 31 32 36 to the steam chest
or chamber, and when said valve is slightly
turned to exhaust the steam will flow out
through 360, 32, 31, 35, and 5 to the exhaust-
pipe K, and these channels are the same for
the several valves. 'T'he ducts, channels, or
chambers forthe live steam are further indi-
cated by s, and the ducts, channels, or cham-
bers for the dead or exhaust steam bye. As
before stated, however, these respective chan-
nels may be reversed, if desired, as the en-
gine will work equally well either way.
Thus constructed the operation of the ma-
chine 1s as follows: Steam being admitted at
the right of the engine and exhausted at the
left-—say as shown in IYig. 3—the operating
parts will be in the positions as seen in the
respective figures 1, 2, 3,4, and 5. Thus posi-
tioned the two pistons 9 and the cylinder 12,
by which they are connected, move to the
left under pressure of steam on the right-
hand piston. This movement will continue

carrying the pistons 11 along with cylinder

12 till the crank 15 reaches the dead-center
with respect to the upper piston, when the
upper valve 25 will begin to open and admit
pressure against the upper piston. Mean-
time the left-hand steam-chamber has ex-
hausted and said chamber and its valve pre-
pared to admit steam in turn as the crank 15
1s carried down past the dead-center with re-
spect to said piston and chamber. When this
occurs, the right-hand valve has rotated suffi-
ciently to open the exhaust, and in all cases
the opposed chambers have their supply and
exhaust channels open at the same time—
that is, when one valve takes steam the other
exhaustssteam. Theecrank 15 having passed
the dead-center at the left, the cylinder 12,
with its attached pistons, will return toward
the right with the crank 15 on the downstroke
and under pressure of the expanding steam
1n the upper cylinder and steam now appear-
ing in the left-hand ecylinder. Movement

circulation of the steam through the valves, i down on the left aud around below past the
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dead-center follows
ters the lower chamber and carries the crank
15 past the dead-center on the right and op-
posite the respective pistons 9. Thus steam
enterseach of the piston-chambers in succes-
sion at each quarter-revolution of the shaft,
and the exhaust is opened in like manner.
The full head of steam is on each piston in
turn as the crank of the drive-shaft reaches
the dead-center of the next preceding piston.
This gives a sweeping movement to the steam
as 1t follows the crank round and round and
keeps the crank under a substantially con-
stant and regular pressurs, which is the ob-
ject of the invention. One of the rods 28 is
rigid with the ring 29 to prevent it from turn-
ing on the eccentric, while the other rods are
pivoted thereon, and the eccentric itself is
fixed on the shaft by a set-serew, so that the
necessary movementof the valves is imparted
by the eccentric turning in the ring.

The idle-chamber, in which the cylinder 12

- moves back and forth, furnishes room and
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opportunity to oil the interior of the engine.

Suitable packing for the bearing-screws 8
around the drive-shaft is shown at 37 in Figs.
4 and 5 |

In operation the side ports in the casing
are constantly filled with live steam; but this
steam 18 never lost tiil used.

The valves 25 might be made slightly taper-
g, if desired; but this is not deemed neces-
sary, as what little steam gets back of them
only helps to keep them down to place. At
most thelr movement is slight, and the direc-
tion of the steam 1s governed by the position
of the partition 83 with respect to slot 36.

Jompactness in construction, a continuous
movement under constant and even pressure,
and possibility of very high speed are among
the advantages of this 111\"61113101]

It will be seen that no packing is required
between the innercylinder 12 and the casing,
as no steam can enter the chamber on which
said cylinder works unless it creeps through
the packing of the pistons or atother points;
but of this there 1s no danger when suitable
packing 1s made. Thus said cylinder is as
free to work in its bearing as if its chamber
were open to the outer air.

The slot 36 in the cap 24 on the top of the
engine is in line with the axis of the drive-
b]]élft so that it will be open to the corre-
Sponding piston at all times when the valve
that controls said slot 1s in pocsition to admit
or exhaust steam, and the same is true of the
slot at the base.

A peculiar and novel feature of this inven-
tion is the enlarged interior chamber and the
cylinder therein carrying two pistons and
forming the chambers therefor. These piston-
chambers are inclosed around the side by the
cylinder and are open at the end to the steam,
so that thepiston is exposed to the steam only
at its front and nowhere else. The same is

, wWhen steam in turn en- | posed to the steam on their front and work

closely in chambers at their sides.

It should be understood that, though the
word “steam ” is here used as the means by
which the engine is driven, any other means,
as gas, compressed air, or other similar agency
which exerts piesqule by e*{panswn may be
employed. |

Having thus described my invention, what 1
clanm as new, and desire to secure by Letters

Patent, 1s—

1. In a double-acting engine, the casing
having opposite circular piston-chambers, a
cylinder set in sald casing at right angles to
sald chambers and carrying a pair of pistons
working 1n said piston-chambers, and a pair
of pistons working in said cylinder at right
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angles to the aforesaid pistons, all four of said

pistons - having equal suarfaces exposed to
pressure, substantially as set forth.

2. In a double-acting engine, the casing

having a hollow interior chamber and circular

piston-chambers opposite to one unother and
of less diameter than said interior chamber,
in combination with a plain eylinder set at
right angles to the axis of the said piston-
chambers and carrying pistons working in
sald chambers,and a pair of connected pistons
in the said eylinder, all of said pistonshaving
an equal area subject to pres&ue substan-
tmlly as set forth.

. In a double-acting engine, a casing pro-
Vlded with an interior chamber and cylin-
drical piston-chambers of less diameter than
said interior chamber at right angles to the
axis of the drive-shaft, in combination with a
cylindersetin the casing intermediate of said

piston-chambers and with its axis at right

angles thereto, a pair o connected pistons in
said cylinder, and a pair of pistons on the

sides thereof and working in said cylindrical

chambers, substantially as set forth.

4. In a double-acting engine, the outer ey-
lindrical casing havin
ter with flat sides at right angles to the axis
of the main shaft, and a cylinder in said cas-
ing having 1its sides flattened to match the
flat sides of the casing, in combination with
pistons upon the outside of said cylinder and
inside thereof, substantully as described.

5. In a double- acting engine, a cylinder con-
taining two united plstons free to reciprocate
therein and having two other pistons on its
sides connected to said cylinder by arms, in
combination with a casing having an interior
chamber in which said cylinder works, and
two piston-chambers on its sides for the pis-
tons on the outside of the said cylinder, all
sald pistons having equal pressu re area, Sub-
stantially as set forth.

6. In a double-acting engine, a main casing
provided with a hollow interior, a c¢ylinder in
sald casing carrying two pistons on its inside
and two pistons supported on arms at its out-
side and removed from the side of the eylin-

true of the side pistons, which are only ex- | der by said arms, each set of pistons being

g a chamberin the cen-
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at right angles to the other set and all of
equal area, in combination with
~valve for mu;h piston, inlet and outlet duets |-
~common.to the
S1sm ooperating said valves, having a comnmon
enl‘m of movement ,Substantially as set forth.
| . In a double- detluﬂ* engine, a casine hav-
-mw steam ducts L(El‘t{}lll]ﬂ, at the bearing of
| 1116 drive-shaft,
shaft and a bemmn

several valves, and mechan-

1N combination with

~shaft to the other, substantially as set forth.

3. In a double-acting engine, a casing hav-
ing aninteriorchamber and two piston-cham-
~bers outside the limits of said chamber and
o opening into: the same, in combination with

a eylinder hd,vimr arms at its sides, carrying

- pistons working in said piston-chambers, the
“opening through said eylinder being at 11”‘111:

20 angles to said pl%t()ll -chambers, and a pair of

& separate

sald
for the shaft around-
which the steam passes from one side of the

444,959

connected pistons working in said cylinder,
substantially as set forth.

0. Ina double-acting engine, a maii casing

hiwms_; an interior chamber and opposite pis-
ton-chambers distinct and separate from said
chamber, but opening therein, in combination

with a eylinder in the interior chamber, car-

rying two pistons at 1ts sides working in said
piston-chambers and two pistons 1nside at
right angles to the other pistons, and a sepa-
rate valve on the main casing opposite the
faceof each piston tocontrol the flow of steam,
-‘subsmmifﬂly as set forth.

| whereof 1 hereunlo bet my o
11.:111{1 thl,s "Oih d..-ty of July, 1889, |

In testimony

CLIN" 'ON A. TOWER,

“‘s‘\ ltne%es
CIRENE 1L COR Y,
CH.T. FISHER.
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