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To all whom it may concermn:

Beit known that I, ALserT W.MAINLAND, of
New York, in the county of Kings and bta,te of
New York, have invented certain new-and use-
ful Improvements in Multiple-Cylinder En-
gines; and I do hereby declare the following
to be a full, clear, and exact description of the

“invention, such as will enable others skilled 1n

the art to which 1t appertains to make and use
the same.
This invention Ielates to that class of mul-

tiple-cylinder engines in which the several cyl-
inder-ports are governed by a disk valve ro-

tating with the crank-shaft common to the

- pistons of the several cylinders.

The primary object of the invention 1s to
provide improved means for effecting the lead,
cut off, and exhaust of motive fluid to and
from the cylinders and reversing the direction
of rotation of the crank-shaft.

The 1nvention comprehends a multiple-cyl-
inder engine employing steam, alr, gas, or
other motive fluid, having a valve keyed on
or otherwise movable synchronously with the
crank-shaft and provided with lead and ex-
haust ports and a reversing device also having
lead and exhaust ports and a stationary disk
intermediate the valve and reversing device
having passages in constant register wlth the
lead and exhaust ports, 1espec,twe]y of the
valve and so coacting with -the reversing de-
vice that upon operating the latter the ports
of the valve supplying live steam become ex-
haust-passages and those through which the
exhaust was conducted supply live steam.

The invention further contemplates provid-
ing in an engine equipped as stated improved
means for effectively balancing the valve.

- The invention will be hereinafter fully set;
forth, and particularly pomted out 1n the
Cl&lﬂ’l%

In the accompanying drawings, Figure1 is
a view in perspective, showing the engine as
an entirety. Fig. 2 is a sectional view show-
ing the valve and complementary parts and
the passages leading from the valve to the
cylinders. Fig. 3 1s a plan view of the inner

face of the valve-—that 1is, the face adjacent
“the passages to the cylinders.

Fig.

suitable
vided wit

plan view of the outer face of the valve. Fig.
5 shows the stationary plate.
in perspective the reversing device and steam-
chest. Iig, 7 shows the lead and exhaust
when the crank-shatt is rotating in one direc-
tion, and Fig. 8 shows them when the crank-
shaft 1s rotating in the opposite direction.

Referring to the drawings, 1 designates an
engine having three radially-disposed cylin-
ders 2 3 4, mounted upon a casing 5 and hav-
ing the pitmen 6 of their pistons secured to
the crank 7 of a common crank 8, the latter
extending through and beyond the inner wall
9 of the casing 5 and designed to rotate 1in
bearings therein. The wall 9 is pro-
h ports 10, from which passages 12
conduct hive steam and exhaust to and from
the outer ends of the cylinders.

13 designates the valve designed to rotate
synchronously with the crank-shatt and shown
Leved upon the latter, its inner face, Fig. 3,.
in contact with wall 9 ot the casing. AS 111115-
trated in Kig. 3, the valve 1s for med on its in-
ner tace with two semilecircular grooves or
channels 14 15, separated by partitions 16, the
orooves or channels being designed to register
with ports 10 of the casing-wall. The outer
tace of the valve, Fig. 4, 1s tormed with inner
and outer concentric rings or grooves 17 18,
forming complete circles or uninterrupted
passage-ways. Ports 19 connect innerring 17
with the semicircular groove 14 on the inner
face, and ports 20 connect outer ring 18 with
semicircular oroove 15. Thus it will be seen
that the valve 1s provided with independent
sets of ports 19 and 20, registering through
the medium of the grooves 14 and 15, respec-
tively, with ports 10, leading to the cylinders,
and that these ports 19 and 20 connect with
incdependent rings or grooves on the outer face
of the valve. Consequently if live steam 1s
being introduced into the outer ring 18, for
instance, 1t will be conducted through ports
20 to semicircular groove 15, and as the valve
rotates the steam will pass through the suc-
cessive ports 10 to the cylinders, the exhaust
from the latter passing through ports 10 when
semicircular groove 15 isoutof register there-

4 1s a | with Into semicircular groove 14 and thence

Fig. 6 shows -

6o -

75

30

QO

95




st

10

20

25

.30

35

40

45

55

60

65

&

through ports 19 to inner ring 17. 1t 1s ap-
parent that if instead of the live steam being
introduced into outer ring 18 it is introduced
through inner ring 17 then the respective pas-
sages of live steam and exhaust are just re-
versed from that described—that is, the live
steam will be conducted through ports 19 and
semicircular groove 14 to the cylinders, and

the exhaust will be conducted through semi-

‘circular groove 15 and ports 20 to the outer

ring 18. Hence by whichever line of intro-
duetion and consequent direction of rotation
of the crank-shaft such rotation may be in-
stantly reversed by changing the line of 1n-
troduction.

A and B designate balancing-grooves in the
inner face of the valve 13 and leading, respec-
tively, through ports C and D to the inner
and outer rings or grooves 17 18 on the outer
face of the valve. These balancing-grooves
are relatively separated similarly to semicir-
cular grooves 14 15, and their ports C and D
are so arranged relatively to ports 19 and 20
that one balancing-groove will contain live
steam when the adjacent semicircular groove
is containing exhaust, and vice versa. When
oroove 14, for instance, contains live steam,
the balancing-groove A on the opposite side
of the face of the valve is also supplied with
live steam, the exhaust being conducted to
oroove 15 and balancing -groove B. Thus
whether live steam is being supplied to inner
ring 17 and exhaust is being conducted to

outer ring 18, or vice versa, the grooves A and

B are always containing one live steam and
the other exhaust, whereby an even balance

of the valve is maintained and the possibility

of canting or binding obviated.

21 designates a plate keyed within the cas-
ing and fitting against the valve. It 1s pro-
vided with inner and outer concentric aper-
tures 22 23, constantly in register, respec-
tively, with inner and outer rings 17 18 of the
valve. . |
24 designates the combined reversing de-

vice and steam-chest. It is shown in Kig. 6

as a disk designed to be accommodated with-
in the casing 5 against the outer face of the
plate 21 and capable of being turned axially
through the medium of a handle 25,extending
through a slot 26 in the casing.
transversely of the disk is a steam-chamber
27 in communication with a hollow stem 28,
extending from the outer face of the disk and
designed to be connected with the source of
steam, air, gas, or other motive fluid. Lead-
ing from the steam-chamber 27 to the inner
face of the diskareinner and outer ports 29 30.

31 and 32 designate, respectively, inner and
outer exhaust - ports ~extending entirely

througeh the disk.

As stated, the valve 13 rotates with the
crank-shaft and the plate 21 is stationary, 1ts
apertures being constantly in alinement with
the rings in the outer face of the valve. The

Extending

776,336

| reversing device 24 is designed to be posi-

tional, so that either its steam-ports 30 will
register with outer apertures 28 of the plate
21 and 1ts exhaust-ports 31 with 1nner aper-
tures 22 of the plate, or the disk is positioned
so that its steam-ports 29 will register with
the inner apertures 22 of the plate 21, 1ts ex-
haust-ports 32 registering with outer aper-
tures 23 of the plate. The former position
is indicated in Fig. 7 and the latter in Kig. 8.
Referring to Fig. 7 and the section shown In
Fig. 2, steam passes from chamber 27 through
ports 30 and apertures 23 of the plate into
outer ring 18 of the valve and thence through
ports 20 to semicircular groove 15, from which
it is supplied to the eylinders successively
through ports 10 and channels 12 as the valve
rotates with the crank-shaft. At this time
live steam is passing from ring 18 through
port D to balancing-groove B. Upon semi-
circular groove 15 passing out of register suc-
cessively with each of the ports 10 the piston
within the cylinder with which said port 10
communicates will be on its return stroke and
the exhaust will pass out through port 10 to
semicircular groove 14, through ports 19 to

inner ring 17, and thence out through aper-

tures 22 of the plate and exhaust-ports 31 of
the reversing device 24. A portion of the
exhaust, however, will pass from ring 17
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through portC to balancing-groove A. When -
the reversing device is thus positioned, 1ts

steam-ports 29 and exhaust-ports 32 are closed
by contact with the face of plate 21.

To reverse the direction of rotation of the
crank-shaft, the reversing device is turned

axially into the position shown in Kig. 8.

Now its steam-ports 30 and exhaust-ports 31,
through which the live steam and exhaust

were respectively conducted in the former

position, are closed by contact with the face
of plate 21 and steam-ports 29 are brought
into register with apertures 22 of the plate,
while exhaust-ports 32 register with aper-
tures 23 of the plate. The consequent supply
of live steam to the inner ring 17 of the valve
and thence to the cylinders and the passage
of the exhaust from the latter to outer ring
18 will be readily understood, as well as the
supply of live steam and exhaust to the bal-
ancing-grooves A B. The cylinders, which
in Fig. 7T may have been taking steam, are in
Fig. 8 exhausting, and vice versa. The re-
versing may be done while the engine is un-
der full speed, since it is impossible to change
the ports through which the steam 1s con-
ducted from chamber 27 without simultane-
ously opening up a corresponding passage for
exhaust.

When 1t is desired to stop the rotation of.

the crank-shaft, the reversing device 24 1is
given a partial turn to a point intermediate
those shown in Figs. 7 and 8, when all of 1its
steam and exhaust ports will be closed by con-
tact with the face of plate 21.
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From the foregoing it will be seen that any
mechanical contrivance may be adopted for
indicating the position of the valve to deter-
mine to which of the cylinders steam will be
supplied upon opening up communication

‘therefor through the inner or outer ring and
the consequent direction of rotation of the

shaft. For this purpose a keyway upon some
exposed portion of the shaft may indicate the
position of the crank and corresponding po-
sition of one of the semicircular grooves 14
or 15. Hence with the reversing device at
the midway or cut-off point the lever may be
shifted to rotate the shaft in the same or op-
posite direction to that of the lever move-
ment. | |

L have Indicated at 83 a hood extending
from the casing 5 and forming a chamber
from which the exhaust may be conducted
through a pipe tapped therein at any suitable
point. |

It will be understood that any preferred

device may be employed for bearing upon the

outer face of the reversing device 24 to hold
the parts in position.
shown for balancing the valve, however, has

- been found in practice to lessen the necessity
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for such device. It will further be under-
stood that while I have shown and described
my 1nvention as applied to an engine having
single-acting multiple cylinders radially dis-
posed, yet it is equally adapted to one in
which the cylinders are arranged in parallel-
1sm having single or double action. Like-
wise instead of the valve rotating on and at
the same speed as the crank-shaft the two
may by suitable gearing be driven at differ-
entlal speeds, as in a four-cycle gas-engine
action, when the crank is desired to make two
revolutions to one of the valve. |

I claim as my invention—

1. In a multiple-cylinder engine, having a
crank-shaft common to the pitmen of the pis-
tons of the several cylinders, and provided
with ports communicating with the cylinders,
a valve designed to operate synchronously
with the crank-shaft and successively estab-
lish communication for live steam and exhaust
with the several cylinders, and having inde-
pendent admission-grooves on its inner face,
and independentlines of communication from
1ts outer face to each of said admission-
grooves, a stationary plate adjacent the outer
face of said valve having apertures constantly
1n alinement with the respective independent
lines of communication through said valve,
and a reversing device having separate sets of
steam-~-ports and complementary exhaust-pas-
sages, one of said sets being designed, in one
operative position of said reversing device to
supply live steam through apertures of said
plate to one of said lines of communication of
the valve and one admission-groove, the ex-
haust being conducted from the other groove
and line of communication, and the other of

valve designed to operate synchronously with

The means 1 have

o

sald sets being designed, in the other position
of said reversing device, to supply live steam
through other apertures of said plate to the
line of communication and groove which were
previously conducting the exhaust, and con-
ducting the exhaust from the groove and line
of communication to which live steam was
previously supplied.

2. In a multiple-cylinder engine having a
crank-shaft common to the pitmen of the pis-
tons of theseveral cylindersand provided with
ports communicating with the cylinders, a

the crank-shaftand successively establish com-
munication for live steam and exhaust with
the several cylinders, said valve having two
independent semicircular grooves on its inner
face registering with said cylinder-ports, and
inner and outer rings or circular erooves on
1ts outer face and ports leading from one of
said rings to one of said semicircular grooves,
and from the other of said rings to the other
of said semicircular grooves, a stationary plate
acdjacent the outer face of said valve and hav-
ing inner and outer apertures respectively in
alinement with the said inner and outer rings
of the valve, means for supplyvinge live steam
to sald outer ring and conducting the exhaust
from said inner ring, and means for reversing
salct former means whereby live steam will be
supplied to said inner ring and the exhaust
conducted from said outer ring.

3. In a multiple-cylinder engine having a
crank-shaft common to the pitmen of the pis-

tons of the several cylindersand provided with-

ports communicating with the cylinders, a
valve designed to operate synchronously with
the crank-shaft and successivel vy establish com-
munilcation for live steam and exhaust with
the several cylinders, said valve having two
Independent semicircular grooves on its inner
face registering with said cylinder-ports, and
inner and outer rings or circular grooves on
its outer face and ports leading from one of
sald rings to one of said semicircular grooves,

and from the other of said rings to the other

of sald semicircular grooves, a stationary plate
adjacent the outer face of said valve and hav-
ing inner and outer apertures respectively in
alinement with the said inner and outer rings
of the valve, and a reversing device having
separate sets of steam-ports and complemen-
tary exhaust-passages, one of said sets being
designed 1n one operative position of said re-
versing device to supply live steam through

e
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the outer apertures of said plate to the outer

ring of the valve, the exhaust being conducted
from the inner ring, and the other of said sets
being designed in the other operative position
of sald reversing device to supply live steam
to the inner ring of the valve, the exhaust be-
1ng conducted from the outer ring. o

4. Thecombination with the casing of a mul-
tiple-cylinder engine having ports communi-
cating with the several eylinders, and a crank-

130
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- shaft, of a valve within the casing and rota-
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table synchronously with said shatt designed

to successively establish communication for
live steam and exhaust with the several cylin-

ders, said valve having twoindependent semi-
circular grooves on its inner face registering
with said cylinder-ports, and inner and outer
rings or circular grooves on its outer face,

and ports leading from one of said rings to
one of said semicircular grooves, and from
the other of said rings to the other of said
semicircular grooves, a plate keyed within
said casing against the outer face of said valve

and hwmo inner and outer apertures respec-
mvely in alinement with said inner and outer
rings of the valve, a reversing device also ac-
commodated within sald casing against the
outer face of said plate, and capable of being
turned axially, said reversing device having
inner and outer exhaust-passages extending
therethrough, a steam-chamber designed to
be connected with a source of motwe-ﬂuld
supply, and inner and outer steam-ports lead-
ing from said chamber, said reversing device
bemw designed to be turned axially to bring
the outer qteam -ports into register with the
outer aperture of said plate and the inner ex-
haust-passages into register with the inner
apertures ot said plate, or to be turned to

bring the inner steam-ports into register with

the inner apertures of said plate and the outer

~ exhaust-passages into register with the outer

35
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apertures of said plate, or to be turned to a
point intermediate the two stated to cut oft
communication to and from the reversing de-

vice, substantially as and for the purpose set

forth. |

5. In a multiple-cylinder engine having a
cranl-shaft common to the pitmen of the pis-
tons of the several cylinders and provided
with ports communicating with the cylinders,
a valve designed to operate synchronous Ly
with the crank-shaft and successively estab-
lish communication for live steam and exhaust
with the several cylinders, said valve having

two independent semicircular grooves on 1ts

inner face registering with said cylinder-ports,
and inner and outer rings or circular grooves
on its outer face and ports leading from one
of said rings to one of said semicircular
oTO0VeS, and from the other of said rings to the
other of said semicircular oT'00Ves, smd valve
also having independent bala,ncmﬂ -gTOOVES 0N
its inner face and ports connecting one of sald
balancing-grooves with the inner ring on the
outer face of the valve, and the other bal-
ancing-groove with the outer ring, means for
supph ing live steam to said outer ring and |

776,336

- conducting the exhaust from said inner ring,

and means for reversing said former means

to supply live steam to sald inner ring and
conduct the exhaust from sald outer ring,

whereby each of said balancing-grooves will
be supplied with live steam or exhaust.

6. In an engine, the combination with the
casing having aseries of radial cylinders there-
on, such casing having a hood, and provided
w;lth a slot, and having ports commumcatm@
with the several eylinders, and a cmnk—shaft,
of a valve within the casing keyed to said

erank-shaft and movable therewith, said valve

having on its inner face grooves for establish-
ing lead and exhaust communication with said
cvhndel s, balancing-grooves also being pro-
vided on the inner face of said mlve, sald
valve having two rings on its outer face, one
in communication with one of said lead and
exhaust grooves and one of said balancing-
oTrooves, 'md the other ring in communication
W1tl:1 the other of said Iead and exhaust, and

balancing grooves, respectively, a plate l{eyed |
' in the casing and hfwmo apertures constantlgr

in register with said rings, a disk comprising
a steam-chest and reversing device also within
said casing and having a lever projecting
through said slot in the casing, sald disk hav-
ing a transverse steam-chamber and ports
lea,dmo from the latter to the inner face of
the dlsk exhaust-ports being provided in said
disk commumcatmﬂ with said hood, and a
hollow stem extend_mg from said steam-cham-
ber through said hood, asand for the purposes
stated. |

7. In amultiple-cylinder engine having ports
communicating with the sever al eylmder‘s q
valve having on its inner face two independ-
ent admission- -orooves designed to register
with said ports, and two independent balane-
ing-grooves, one admission-groove and one
balancing-groove being on sach side of the
inner face of said mlve, sald valve having in-
dependent lines of communication e:xtendma'
therethrough, one of said lines leading to one
of said ad mission- grooves and its opposite
complementary b%lancmﬂ oroove, and the
other line leading to the other of said admis-
S10N-gT00VES and its Opposite complementary
halancing-groove.

In testimony whereof I have signed this
specification in the presence of two subscrib-
ing witnesses.

ALBERT W. MAINLAND.

Witnesses: |
ABirau K. GREENE,
May Hagrris MAINLAND.
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