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CHARLES VOGEL, OF FORT LEE, NEW JERSEY.

STEAM-ENGINE.

SPECIFICATIO_N forming part of Letters P&tent No. 714,977, dated December 2, 1902.
~ Application filed February 10, 1902, b®erial No, 93,294, (No model.)

To all whom it may concern:
Beit known that I, CHARLES VOGEL, a citi-
zen ot the United States, residing at Fort Lee,

in the county of Bergen and State of New Jer-.
sey, haveinvented anImprovementin Steam-

Kngines, of which the following is a specifi-
cation.
My invention relates to improvements in

steam-engines and valves therefor, such as

have heretofore been employed by me, and
especially toan improvement upon the device
shownand describedin LettersPatent'egranted
tome April11,1893,N0.495,282. Inthedevice
shown in said patent there is a cut-off em-
employed, but no means for moving the valve
to reverse or change the direction of move-
ment of the engine. The devicesof the pres-
ent improvement are applicable to station-
ary engines with or without the capacity for
reversing the movement thereof, and also to
enginesemployed for automobiles and yachts
and similar devices requiring power and in

which there is the capacity for quickly re-

versing the engine.

My present improvement relates, essen-
tially, to means for changing the direction
of motion or reversing the. engine, to means
for lifting the cut-off or disk so as to faecili-
tate the starting of the engine, and to a bal-
anced antifriction-valvestructure. The main
shaft of the engine or prime mover may be
provided with a pulley and gear, a sprocket
or suitable connection therefrom to the de-
vice to be actuated by said engine or prime
mover, and this shaft is connected, prefer-
ably, by a gear to a gear upou an auxiliary
shaft parallel therewith and which gear car-
ries a clutch, the shaft also carrying a part
of the cluteh, sothat to this shaft isimparted
fromthe main shafta rovation which through
intermediate devices causes the rotation of
the circular disk valve of the engine. Ifin
starting the engineit happensthatthe ports in
the engine-head and the ports in the valve do

‘not aline and the engine cannot be started

by simply opening the steam-supply, I pro-
vide devices for lifting the cut-off or disk, so
that steamr may be admitted between the
juxtaposed surfaces of the cut-off ordisk and
valve to thereafter pass through the ports of
the valve that may be open to the ports of
the engine-c¢ylinders for the admission of

right angles to the same.

neath the same.

. able base or frame. _ _
are each provided with a piston d,and connect-

steam in starting theengine,and the meansfor
performing this operation may be actuated

by the engine-governor or by a hand-operated.
lever or similar device, and I provide devices

surrounding and connected to the valve-stem
and at the side of the stem-chest opposite to
the valve having an antifriction character

and a surface for steam-pressure of appre-

ciably less area than the surface of the valve
or cut-ofl, so that the balance of pressure
may be slightly in favor of keeping the valve

to 1ts seat, the structure employed being of

such character that the valve may be readily
turned regardless of the pressure thereon, all
of which devicesare hereinafter more particu-
larly set forth. "

In the drawings, Figure 1 is an elevation
representing my improvement. Fig., 2 is a
plan with the parts above the steam-chest

rim removed and with the cut-off and the
valve removed from the steam-chest.
1s a vertieal section through the valve, cut-
off, and adjacent parts at the upper end of
| the steam-cylinders and at right angles to the

Fig. 3

elevation, Fig. 1. Fig. 4 is a vertical section
of part of the devices shown in Fig. 3 and at

section through the main and adjacent par-
allel shafts, showing the cluteh mechanism
and the connecting-gears. Fig. 6 isa plan of
the cut-off with parts of the valve showing be-
Fig. 7 is an inverted plan
of the disk valve with part of the cut-off
shown back of the same. Fig. 8 is a partial
vertical section in the same relation of parts
as Fig. 3, but showing a modified structure.

Fig. 9 is a plan of thedisk valve of the modi-

fied structure, and Fig. 10 a plan of the cut-
off of the modified structure. Figs. 3,4, and
S are on the same scale and upon a larger
scale than the devices of the other figures for
clearness in showing the details.

The three steam-cylinders a b ¢ are prefer-
ably made integral and mounted upon a suait-
These steam-cylinders

ing-rods f extend from the pistonsd to cranks
e’, formed upon the main shaft e at one hun-
dred and twenty degrees apart. The main

shaft e is in suitable bearings upon the said
frame, and there is also in the said frame a
 bearing for the shaft . I provide a head ¢,

Fig. & is a cross-
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common to all the cylinders, with which is
formed a rim ¢' as a boundary to the steam-
chest, and a valve-seat 5 in substantially the
same plane as the top of the head ¢ and in
which head and through the valve-seat are
ports 2 3 4 to the respective cylinders, the
ports 2 and-3 being through inclined portions
of the head and the port 3 directly to the eyl-
inder beneath the same.

I employ a disk valve A of circular form
and of even thickness, and the same 1S pro-
vided with a valve-stem h'. The valve A is
formed with the necessary ports for the pas-
sage of steam and for the exhaust, and these
ports are located in such relation to the ports
2 8 4 that steam will be admitted to the cyl-
inders in succession and the exhaust will be
opened at the end of the stroke of each pis-
ton, and I provide around the disk valve and

in theinterior surface of the part of the head |

- forming the steam-chest annular and vertical
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steamways 1, theannular way being adjacent
to the seat 5 and the vertical ways communi-
cating therefrom to the steam-chestabove the
valve, the said head ¢ being formed with an
aperture, to which is connected the steam-

pipe and with a passage therefrom to the

steam-chest aperture.

I employ a valve-moving spindle 7 within
the case 6, which is advantaﬂ'eously cast with
the steam-eylinders and forms a passage for
the exhaust, the said case being provided with
a stuffing box and bearing, through which the
said valve-moving spindle 2 passes. ~ At the
npper end of this spindle 2 there are pins ¢,
spaced apart and entering holes in the under
surface of the disk valve /i to connect the
valve and spindle. The shaft & in bearings
in the frame is parallel with the main shaft
e, and I employ bevel-gears 7 and 8, one on
the lower end of the valve-moving spindle 2
and the other on one end of the shaft /&, and
upon this shaft ~zissecured acluteh £’. There
is a large gear 9 loose on the shaft %4 and a
smaller gear 10 fixed on the main shaft ¢, and
these gears are preferably in the proportion
of two to one.

The hub 11 of the gear 9 is axially notched
or recessed to receive parts of the cluteh %',
the notches being substantially of the same
width as the parts of the hub between the
same, so that the said hub 11 is practically
divided into two parts, thus providing for an
appreciableamountof movementoftheclutch
with reference to the gear, and on the end of
the shaft k£ is a hand-wheel [ for turning the

shaft, the cluteh, the bevel-gears 7 8, and the-

v_alve -moving spmdle 1, and theleby the valve
h, with which the spindle is engaged and here-
inafter more particularly described.

The exterior of the rim ¢’ is secrew-threaded,
and I provide an annular cover 12, screwing
thereon, and an auxiliary cover 13, connected
to the cover 12, and a set-screw 14 in the cen-
ter of said covers, the position of which lim-
its tho endwise movements of parts hereinaf-
ter described, so as toprevent excessivesteam

714,977

or other pressure moving the parts to such
extent as to cause injury. -The valve-stem
h' projects up within these covers,and around
said stem is a ball-race 15, having a curved
seat for a row of antifriection-balls.
3.) The end of the stem is threaded, and
secrewing thereon is an adjustable ball-mce
17, lleld by a lock-nut 18 and bearing upon
the row of balls.
with a central aperture for the lower portion

(See Fig.

A diaphragm m 18 provided’ |

70

£

of the ball-race 15, and the same is held in |

connection with said ball-race by a nut 16.
The outer portion of said diaphragm m comes

380

against the under surface of the cover 12 and

in diameter agrees substantially with the rim

g, so that the edge of the diaphragm comes
between the cover 12 and the upper surface.

of said rim, and said diaphragm is clamped
by the swewmﬂ down of the cover 12 upon
the rim ¢', at whleh place there is preferably

an intervening packing to form a steam-tight .

joint. I provide a cap 19 within said covers

extending over the ball-races and row of balls

and screwing down upon the ball-race 15 with

an 11‘1tervemnﬂ' packing and forming a steam-
tight cap or closure "

35
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"The disk valve & (see 'espemally Fig. 7) is

'pmwded with three radial adjacent ports in

oroups at opposite sides, and between these

ports and also in the central portion of the said

disk valve there is a chamber 22, formed in
the under surface for the exhaust - steam
from the steam-cylinders, communicating si-

multaneously with said cylinders and the ex-

haust-chamber in the case 6 with the rotation
of the said disk valve. The ports 20 of these
groups are the steam-ports in the rotation of

the valve /i in the direction of the arrow,

and the ports 21 of these groups are the

steam-ports during the reverse movement in
‘the other direction, while the intermediate
ports are only employed as possible steam-

ports in starting the engine. A cut-off disk
n of circular form and also of even thickness
lies upon the disk valve h, aud this is pro-
vided with slots at opposite points for the
pins 23, rising from the valve /£, and also
with radial ports 24 and 25 in groups of two
each at opposite sides of the center of said
cut-off. The disk valve & and the cut-off n
are thus connected and move together by vir-
tue of the rotation of the valve-moving spin-
dle ¢ as actuated by the gears 7 and 3, shaft
k, eluteh k', and gears 9 and 10 from the main
c;ha,ft e, the said eut-oﬁ being carried arouand
with the valve by the pins 23 and the rela-
tion of the valve and cut-off being main-
tained by the position of the pins 23 in the
ends of the slots in the cut-off disk.
- I provide parallel shafts o » in the head ¢
at opposite sides of the steam-chest. (See
especially FKigs. 1, 2, 3, and 4.) 7The inner

ends of these shafts are provided with or

formed as pinions 26, open to the steam-chest.
Consequently stuff
where said shafts emerge from the head g.
Upon the shaft o 18 a rocker-arm s, tothe free

95,
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end of which is secured a connecting-rod 7. | as hereinbefore described, effecting a rigid

On the shaft » is a short rocker-arm s, and

this rocker-arm s’ is connected to the rocker-
arm s by a link ', and the pivotal center of
the link # with the rocker-arm s is of the
same distance from the center of the shaft o
as the length of the short rocker-arm s’ from
the center of the shaft  to the center of its
pivotal connection with the link #. Conse-
quently when the connecting-rod ¢ and the
rocker-arm s are actuated a simualtaneous
movement of exactly the same extent is im-
parted to the shaft » as is imparted to the
shaft o, but in the opposite direction.
connecting-rod f may, in a non-reversible en-
gine, extend to connection with the governor,
and in a reversible engine the same extends
to the lever of antomatic control or toa lever

~actuated by the motorman of an automobile

or other device. |

I provide a circular rack 27, su rrounding
the disk valve £, the same being slightly
deeper than said disk valve and extending
slightly above the same into the offset lower

corner of the cut-off disk n, and the toothed

surface of said circular rack meshes with the
pinions 26 on the inner ends of the parallel
shafts o r. |

In the operation of the device the main
shatt e actuates the gears 9 10, revolves the
shatt /, the cluteh ', the bevel-gears 7 8, the
valve-moving spindle ¢,and by the pins %' of

sald spindle rotates the disk valve 2 and the

- cut-off disk n together and at the same speed,
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and the reversal of the direction of move- |

ment Is effected by the hand-wheel [ turning

the shaft &, swinging the cluteh %' to a posi-
tion opposite to that previously occupied DY |

the cluteh, and in so doing the spindle 4’ is
turned, and the valve is moved independent
of the cut-off disk, bringing the pins 23 to the
opposite end of the slots in the cut-off disk,
changing the relation of the ports in the disk
to the ports in the valve and the relation of
the ports in the valve to the ports 2 3 4 in
the valve-seat, so that different ports aline
from those that had previously alined in the
direction of movement of the engine, and so
eiffecting a reversal of the direction of rota-
tion. 'The steam passes from the entrance
in the head through the annular and vertica

ways 1 up around the disk valve and cut-off
disk to thespace between the cut-off disk and
the diaphragm. The area of pressure of the
steam upon the diaphragm within the open
center of the cover 12 is less than the area
exposed to pressure of the eut-off disk. Con-
sequently while there is an unward pressure:
against the diaphragm there is a greater
downward pressure tending to keep the disk
and valve in their respective places and the
valve against its seat 5, these opposite pres-
sures tending to separate the parts, as it
were, are compensated, so far as the upward
pressure 18 concerned, by the connection be-
tween the diaphragm and the valve-spindle,:
there being at this point a group of devices,

This |

relation of the respective parts in which the
row of antifriction-balls and the ball-races

permit the valve and its stem to turn readily

and freely regardless of the pressure being

| exerted.

In the relation of the cut-off disk and the
disk valve, as shown in Figs. 6 and 7, the di-

rection of rotation is indicated by the arrow,
~and it will appear that steam

the coinciding ports of the cut-off and valve
progressively to the ports 2, 3, and 4 with the
simultaneous rotation of the cut-off and valve
and-exhausts from the ports 2, 8, and 4 into

the chamber 22 as the same comes over the

said ports in the rotation of the valve and
cut-off. | |
It will be further noticed that the ports 20

in the valve and 24 in the cut-off disk coin-

cide and are of small area in proportion to
the ports 2 3 4 in the valve-seat, thus not only

regulating the amountof steam admitted, but

requiring an appreciable travel of the said
alining ports between the ports 2, 3, and 4

Irom the supply of one eylinder to the supply:

of the next, consequently shutting off the
steam from the one and giving the same an
opportunity to expand in doing its work prior

to supplying steam to the adjacent cylinder,

and so on progressively.
In effecting the reversal of the engine and

by referring to Figs. 6and 7 it will be noticed

that the upperright-hand and lower left-hand
ports 24 24 of the cut-off disk coincide with
ports 20 20 of the disk valve, so that steam
passes through these ports to enter the ports
2, 3, and 41in the valve-seat, and that when
the reversal is effected and the relation of

the cut-off disk and disk valve altered these
ports no longer aline, but instead the upper

right-hand and lower left-hand ports 25 25 of
the cut-off disk » then aline with the ports
21 21 1n the groups of the disk valve 5, thus
admitting steam to a piston in a different po-

passes through

70

75

30

QO

95

10O

105

II10

sition and progressively so with the rotation

of the ports in effecting the reversal. -

In stopping the engine it may happen that

the coineiding ports of the disk and valve come

Intermediate to the ports 2, 3, and 4. Conse--
quently in starting again steam cannot pass
toeitherofthecylindersab c,and tostart with-
out shifting the valve by hand and without
changing the position of the motorman or en-
gineersoasto reachthe hand-wheell and con-

tinue therefrom the rotation of the valve and
cut-off disk the parallel shafts and devices con-
nected therewith are provided, the movement
of whichraises the circularrack 27 and there-
from the cut-off disk n, separating the con-

g

120

125

tacting faces of the cut-off disk and the disk -

valve, so that steam passing through the
ports of the cut-off disk passes between the
same and the valve and through any ports of
the valve and alining ports 2 3 4 to a cylin-
der, s0 as to thereby start the movement of
one or-more of thepistons d. Assoon as the

s start is effected the cut-off disk through the

130
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intervention of the devices that raised the
same is then lowered to its seat and contacts
with the disk valve %, and the movements pro-
ceed as herembefore desecribed.
ment is effected without changing the rela-
tion of the valve and cuat-ofl.

The modified structure shown in IFigs. 3 9

10 has special reference to a stationary en-

cine without reversing means, and parts so
far as thev herein are similar to parts here-
inbefore described bear the same letters of
roference. In this modified form the disk
valve u is provided with ports 28 and 29 at
opposite sides of the center and which in area
bubstantully agree with the area of the ports

3, and 4. v represents the cut-off disk,
resting upon and supported by the circular
rack 27, surrounding the disk valve v and 1n

“a state of rest maintained at a slight eleva-

tion above the upper surface of the disk

valve . The cut-off v surrounds the valve-
spindle «'; but the open center thereof is of
larger diameter than the valve- spindle, so
that there is an appreciable annular space
between the valve-spindie and the center of
thesaid cut-off disk. Consequently the steam
in the steam-chest passes between the valve-

~spindle and the center of the cut-oif v and
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between the adjacent surfaces of the cut-of
disk 2 and the upper surface of the disk
valve v into the ports 23 and 29 in the opera-

tion of the engine. |
The parts, as shown in the drawings, are
in a state of rest.

: The cut-off disk v is main-
tained at the proper height, according to the

load on the engine, and by the action of the

governor upon the devices turning the shafts
o r and pinions thereon, and so raising and
lowering the circular rack 27 in proportion to
the speed, and so controlling the aperture for
the passage of steam. This disk v is raised
and lowered by means of the circular rack 27,
shafts o 7, rocker-arms s ', link ¢/, and con-

“necting-rod , the same as hereinbefore de-

seribed with reference to the cut-off disk n.
The disk valve u, as indicated in Fig. 9 by
dotted lines, is provided with a chamber 22

in the under side for exhausting the steam,
‘similar to that shown with 1efexence to the

disk valve h.

I claim as my invention—

1. The combination in an engine with a
main cylinder a disk valve havm ports and

"means for imparting a rotary movement

thereto and a steam-chest surrounding the
valve, of a disk occupying a position above
the disk valve, means for admitting steam

‘past the disk and through the ports of the
“disk valve, and means for raising the said

disk above the valve to separate their juxta-

posed faces and permit the entrance of steam
between said faces to pass through any-of the-

ports of the valve, Substantlally as and for
the purposes set forth. -

2. The combination in an engine with a
main cylinder a disk valve havmﬂ' ports and

This move--

L |

714,977

thereto and a steam-chest surrounding the
valve, of a disk occupying a position a,bove
the disk valve, means for admitting steam
past the disk and through the ports of the

disk valve, and a rack devme surrounding

the valve and upon which said disk bems,
pinions at opposite points of the said rack de-
vice and means for turning the said pinions
in opposite directions to mmul‘uaneouslv ele-
vate the rack device at said opposite pomts
to separate the juxtaposed faces of the disk
and valve to permit the entrance of steam
between the same, substantially as and for
the purposes set forth

3. The combination in an engine Wlth &
main c¢ylinder a disk valve hawm' ports and
means for imparting a rotary movement
thereto and a steam-chest surrounding the
valve, of a disk occupying a position above
the disk valve, means for admitting steam
past the disk and through the ports of the
disk valve, a circular rack surrounding the
disk valve,within the steam-chest and slightly
deeper than the valve and upon which the

said disk rests, parallel shafts and bearings

therefor at 0ppos1te sides of said circular
rack, pinions upon said shafts, within the
steam-chest meshing with the rack at Oppo-
site points, and devices connecting the said
shafts, and means for actuating the same 1in
0pp081te directions and to equal extent for

| simultaneously raising the circular rack and

the disk to separate the juxtaposed surfaces
of the disk and valve, substantially as and
for the purposes set forth.
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4. The combination -in an engine with a

main eylinder a disk valve having ports and
means forimparting a rotary movement there-
to and a steam-chest surrounding the valve,
of a disk occupying a position above the disk
valve, means for admitting steam past the
disk and through the ports of the disk valve,
a circalar rack surrounding the disk valve
within the steam-chest and slightly deeper
than the valve and npon which the said disk
rests, parallel shafts and bearings therefor at
opposite sides of said circular mck pinions
upon said shafts within the steam- chesb mesh-
ing with the rack at opposite points, a rocker-
arm connected to one of said parallel shatts
and a connecting - rod therefrom, a short
rocker-arm on the other parallel shaft a link
pivoted to the short rocker-arm at one end
and at the other end to the aforesaid rocker-
arm and the length between pivot centers of
vhe shaft and link over the short rocker-arm
agreeing with the distance between the cen-
ter of the other shaft and the pivotal connec-
tion of the said link with the aforesaid rocker-

arm so as to impart opposite movements of
equal extent to the said parallel shafts and
the pinions carried thereby, substantially as

and for the purposes set forth.

5. In an engine, the combination with a
main cylinder a disk valve having therein at
opposite points groups of ports for steam and

means for imparting a rofary movement | a steam-chest snrrounding the valve, of a cut-
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off disk above the same and having therein
and at opposite points groups of pmts for
steam, means connecting the disk valve and
the cut- T disk and determmmo the relations
thereof, devices for rotating the disk valve
and by the aforesaid means simultaneously
rotating the cut-off disk, substantially as set
forth. |

6. In an engine, the combmatlon with a
main cylinder a disk valve having therein at
opposite points groups of ports for steam and
a steam-chest surrounding the valve, of a cut-
oif. disk above the same ‘Lnd havmn‘ therein
and at opposite points groups of pmts for
steam, means conneetmﬂ' the disk valve and
the mlt off disk and detel mining the relations
thereof, devices for rotating the disk valve
and by the aforesaid means simultaneously
rotating the cut- tf disk, and means for rais-
ing the cut-off disk above the disk valve and
separating the juxtaposed surfaces thereof
without dlsturbmn' the rotary relation of the
dlsk and valve, substanmal]y as set forth.

. In an engine, the combination with a i

main c¢ylinder a disk valve having therein at

Opposite points groups of ports for steam aund |

a steam -chest %umoundmﬂ* the valve, of a
cut-off disk above the same and having thel e-
in and at opposite points groups of pmts for
steam, means connecting the disk valve and

- the cnt off disk and detm*mmmn' the rela-
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tions thereof, devices for 1013&1311’1*0' the disk |

valve and by the aforesaid means 31multane-
ously rotating the cut-off disk, and means
connected to the devices or means for simul-
taneously rotating the disk valve and cut-off
disk and by whmh a reversal of the relation

of the same is effected, substantlally as set’

forth.

3. In an engine, the combination with a
main eylinder a disk valve having therein at
opposite points groups of ports for steam and
a steam-chest surrounding the valve, of a cut-
oif disk above the same and havmw therein
and at opposite points groups of pmts for
steam, means connecting the disk valve and
the eut oif disk and determmmw the rela-
tions thereof, devices for 1obatmﬂ the disk

valve and by the aforesaid means simultane- |

ously rotating the cut-off disk, a circular rack

surrounding the disk valve within the steam- |

chest and deeper than the said valve so as to
set up into the offset edge of the cut-off disk,

parallel shafts passing mto the steam-chest

at opposite sides of the circular rack, pinions
connected with said shafts within the steam-
chest and meshing with the circular rack,

and means counectmﬂ' sald shafts and eon- |
nected to one of r=:-'.a,1d shafts whereby said

shafts are Slmultaneously rotated in 0pp0$1te
direction to an equal amount and the circu-
lar rack is raised to elevate the cut-off disk

above the disk valve and separate the juxta- | stem, means for connecting the same to the.
posed surfaces thereof, substantially as and | d1aphm#m, a row of anmfrletlon balls sur-
rounding the valve-stem and adjustable de-
vices secured to the valve-stem and bearing

for the purposes set forth.

9. In an engine, the combination with a

5

main cylinder a circular disk valve having
ports for steam, and a chamber in the under
side for the exhaust and a steam-chest sur-
rounding the valve, of a valve-moving spin-
dle, pins on the upper ends thereof entering
holes in the valve and connecting the par t%,
a maln shaft and a shaft parallel thereto,
gears connecting the shafts, a connection

from the parallel shaft to the valve-moving

spindle whereby the parts may be actuated
by the main shaft and the econnecting-gears,
and a clutech fast upon the parallel shaft en-
gaging the hub of the gear loose thereon,
Whereby the rotation of the circular disk
valve is effected and its reversal may be ef-
fected by shifting the cluteh by hand, sub-
stantially as set f01 th.
10. In an engine, the combination with a

main cylinder a cireular disk valve having
ports for steam and a chamber in the under

side for the exhaust and a steam-chest sur-

rounding the valve, of a valve-moving spin-

dle, pins on the upper ends thereof enteunw

holes in the valve and connecting the parts
a cut-off disk above the circular disk valve
also having ports for steam and slots at op-
posite points in the said cut-off disk, and pins
in the circular valve passing up into said

slots, a main shaft and a shaft parallel there-

to, gears connecting the shafts, a connection
from the parallel sh%fb to the valve-moving
spindle whereby the parts may be actuated
by the main shaft and the connecting-gears,
and a cluteh fast upon the parallel shaft en-
gaging the hub of the gear loose thereon,

whereby the rotation of the circular disk

valve is effected and its reversal may be ef-
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feeted and the relation of the cut-off disk

thereto altered by shifting the clutch by hand,
substantially as set torth

11. In an engine, the combination with a
main cylinder a eir eulm disk valve, 1ts valve-

105

stem, means tor rotating the same, a steam-

AL

cheqt surrounding the V&IVG, a disk or cut-o
above the valve a,nd a surrounding rim of the

case forming a steam-chest, of a cover device

secured to said rim, a dlaphmﬂ'm interposed
between the rim and the cover device, and
means substantially as shown and described
and connected respectively to the diaphragm
and the valve-stem and constituting an anti-
friction and valve-balanced structure, sub-
stantially as'set forth.

12. In an engine, the combination with a
main cylinder a elreular disk valve, its valve-
stem, means for rotating the same, a steam-
chest surrounding the valve, a disk or cut-
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off above the valve and a surrounding rim

of the case forming a steam-chest, of a cover
device secured to said rim, a diaphragm in-
terposed between the rim and the cover de-
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vice, a ball-race freely surrounding the valve-
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thereon, and means for insuring a steam-tight

inclosure over the valve-stem, substantially

as set forth.

13. In an engine, the eombm&tlon with a
main cylinder a mrcula,r disk valve, its valve-
stem, means for rotating the same, a steam-
chest surrounding the valve, a disk or cut-
off above the valve and a surrounding rim

" of the case forming a steam-chest, of a cover
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device secured to said rim, a diaphragm in-
terposed between the rim and the cover de-
vice, a ball-race freely surrounding the valve-
stem, a nut connected to the ball-race and for
clamping the inner portion of the diaphragm
in a fixed relation thereto, a row of antifric-

tion-balls surrounding the valve-stem, an ad-

justable nut forming a second ball-race sur-
rounding the valve-stem and bearing on the
row of ballb a clamping-nut therefor and a
cap covering the said parts to form a steam-
tight valve-stem closure, substantlally as set
f01th

14. In an engine, the combination with a

main cylinder a circular disk valve having

porfs for steam, a valve and stem rising
therefrom, means for rotating the valve and
stem, a steam-chest surrounding the valve,
a disk or cut-off superimposed upon the
circular valve, a circular rim of the case re-
celving sald parts and forming the bhound-
ary of the steam-chest, a cover device screw-
ing thereon the internal diameter of which is
of a predetermined size, a diaphragm lying

- next to the under surface of the cover above
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the valve and cut-off and clamped between
the cover and the rim of the steam-chest, a
device surrounding the valve-stem and se-
cured to the central portion of thediaphragm,
the parts being so proportioned that the ex-
posed portion of the diaphragm within the
cover 18 of less area than the exposed portion
of the cut-off or disk, whereby the balance of
pressure 1s in favor of maintaining the valve
upon its seat, substantially as set forth.

15. In an engine, the combination with

I

714,977

three steam-cylinders, a valve-seat and three
ports in said seat opening into said cylinders,
of a circular disk valve having a chamber in
the under side thereof for the exhaust and
having through the same at opposite points
oroups of three ports each for steam to pass
through the valve, & steam-chest surround-
ing the valve, and an overlying cut-off disk
having through the same at opposite points
groups of two ports each for steam to pass
through the same, the said portsof the groups
of the cut-off bemﬂ* separated at a greater dis-
tance apart than the entire space occupied by
the groups of three ports of the disk valve,
and means for rotating the said circular valve
and cut-o substantlally as set forth.

16. In an engine, the combination with
three steam-eyliuders, a valve-seat and three
ports in said seat opening into said cylinders,
of a circular disk valve having a chamber in
the under side thereof for the exhaust and
having through the same at opposite points
groups ot three ports each for steam to pass
through the valve, a steam-chest surround-
ing the valve, and an overlying cut-off disk
having thlouﬂ'h the same at oppomte points
oroups of two ports each for steam to pass
througn the same, the said ports of the groups
of the cut-off being separated at a greater
distance apart than the entire space occupied
by the groups of three ports of the disk valve,
means for rotating the said cireular valve and
cut-o
in the cut-off whereby the disk valve may be
shifted in relation to the cut-oif, the length of
the slots being equal to the distance between
centersof adjacent ports in the circular valve-
disk, substantially as and for the purposes set
forth
~ Signed by me this 5th day of February, 1902.

- CHARLES VOGEL.

Witnesses:. :
GErO. T. PINCKNEY,
S. T. HAVILAND.
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,, and pins passing up intoslots formed
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