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"UNITED STATES

PaTeENT OFFICE.

JOSIAH DOW,

OF PHILADELPHIA, PENNSYLVANTA.

STEAM-ENGINE.

SPECIFICATION foi*niing-p&rt of Letters Patent No. 594,336, dated November 23, 189%7.

Apﬁli_catinn ﬁléd January 11,1897, Serial No. 618,_829.

(No model.)

To all whom it Mal CONCern.:

" Be it known that I, JosiaAH Dow, a cltu:en_

of the United Statﬂs residing at Ph1ladel-

delphia and State of Pennsylvania, have in-

vented new and useful Improvements in
. _Steam-Engme% of which the following is a

specification.

This invention relates to steam - engines,
and has for its principal object an lmproved
valve-gear and cut-off connections adapted
to prowde means for a more. positive, close,

- and accurate cut-off in that which is known
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as the *“Corliss” method of steam-distribu-
tion and thus to attain a much higher veloc-
ity than has been possible throu n‘h the use of
a ‘‘“drop” cut-off or similar mechamsm
It is another purpose of my invention to
provide in such an improved manner for the
actuation of an oscillatory valve covering

controls the flow of steam into the cylinder,
excepting the cut-off, shall be positively main-
tained throun‘h the action of a wrist-plate
that recelves motion primarily from an ec-
centric on the main engine-shaft, while the
movement for the cut-off mechanism is taken
through a cut-off lever almost directly from
the croqs-head of the engine, so that the cut-
off may be &ecomphshed at bhe same position
of the piston relative to the stroke for both
directions of its movement, the time of effect-
ing the cut-off being regulated by a governor.
The resistance to the acmou of the governor
may be increased or decreased throuﬂ*h the
adjustment of a movable weight conneeted
with the cut-off mechanism, so that while the
throttle is quite openand the valve-gear run-
ning in its normal condition the engine may
be set to run at any required speed

Other objects and advantages of the inven-
tion will hereinafter appear with reference to
the novel construetion and arrangement of
parts as described and claimed.

I_ I

In the annexed drawings, illustrating my_

invention, Figure 1 is an elevatlon of a ver-

tical eompound engine, showing in frontview
- thevalve-gear and cut-of

connectlons FKig.
2 18 an elevatmn of the same at a right anﬂ'le
to the view shown in the plecedmﬂ' figure.

1nders as in the original Corlissengine.

and cut-off mechanism. Figs. 4, 5, 6, and 7
areenlarged detail views of par ts herema,ftel

referred to.
phia, (Germantown,) in the county of Phila- |

- As shown in Fig. 1, the 1efelenee-numeral
1 designates the high-pressure cylinder, and
2 the low-plessure oylmder of a compound

engine, in which the said cylinders are placed
in su(,h ¢lose and compact relation that sim-

ple and direct steam-passages will serve to
connect the valves of the two cylinders. Hach
valve at the high-pressure cylinder is prefer-
ably to control both the induction and eduec-
tion for that cylinder, and the exhaust from

the high - pressure cylinder determines the

lead of steam for the low-pressure cylinders,

although the gearing is as well adaptable to

the ordmary relatlon of thevalves to the cyl-

The
valves for both the high-pressure and low-

pressure cylinders are of a well-known ‘oscil-
both induction and eduection that all the |

events or positions of the said valve which

latory type, and their special construction
need not be shown or deseribed. Although
the drawings show a vertical compound en-
gine, it will be apparent that without essen-
tial chanﬂ'e in construction or action the
valve-gear and cut-off mechanism may be ap-

plied to either a single-cylinder or a two-cyl-

inder engine arr anﬂ‘ed elther vertically or

-horlzontally, as prefem ed.

For controlling or maintaining all the posi-
tions or events of the 080111&101y valve or
valves, excepting the cut-off therempromded
a wrist- plate 8, that receives motion pri-
marily from an eceentne 4, fixed upon the
main shaft 5 of the engine. The eccentric-
rod 6 has its outer a,tt&chment upon a pin 7,
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carried by a cylindrical sliding block 8, that I

1s adapted to move within a, eyhndl ical gmde-_
sleeve 9, fastened firmly upon the frame or
housing of the engine. This Slldl[l?‘ block 8
emries alsoa pinorbearing 10, that is located
at right angles to the pin 7, whleh eonnecbs
with the eccentue-rod The pin 10 affords a
bearing or attachment for one end of a link
11, the other end of which connects through
a pm or bearing 12 with the outer end of an
arm 13, that is &tta,ched to and gives motion
to a rock shaft 14, mounted on the engine-
frame at right a,nn‘les to the main shaft. The
rock-shaftt 14 carries another arm 15, with the
outer end of which is connected the usual

Fig. 3is an enlarged view of the valve-ﬂ‘ear | hooked rod 16, that is ddapted to connect with
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2 594,336

a stud 17 on the wrist-plate 3 and through
which the said wrist-plate receives motion
from the eccentric on the main engine-shatt.

That portion of the valve-gear which 1s im-
mediately about each valve-stem 18 18 set
upona bonnet 19, attached to the cylinder at
each valve. Thereis keyed to the projecting
end of the valve-stem 18 the collar portion of
a crank-arm 20, immediately behind which is
another collar 21, that is mounted to oscillate
upon a bearing at the end of the bonnet.
This collar 21, through a crank 22 thereon,
receives movement from the wrist-plate 3 by
means of a rod 23, that connects these parts.
T'he collar 21 has also fastened or cast upon
1t an arm or spur 24, set in line with the outer
end of the valve-stem erank-arm 20, to which
it is connected by means of toggle-jointed
links 25 and 26, the center joint of which car-
ries a strong pin 27, having thereon an anti-
friction-roller 28, that preferably engages and
follows a curved groove orslot 291in a cut-off
plate 30, set iminediately behind the said
links. This cut-off plate 30 has 1ts bearing
upon the bonnet at the back of the collar 21,

andits movements are parallel with the move-
ments of the collar crank-arm 22, valve-arm

20, and their connecting-links. The outer
end of the valve-arm or crank 20 is curved
backward to bring it into direct line of move-
ment with the arm or spur 24 and in the di-
rect line of force through the links 25 and 26
without requiring offset-joints and also to
provide that the pin 27, with its roller 28,
may run in the groove or slot 29 of the cut-
off plate 50 with theleast possible offset. The
axis of movement of the cut-off plate 30, the
arms 22 and 24 of collar 21, and the crank or
valve arm 20 areidentical with that of the os-
cillatory valve and its stem. The are-shaped
oroove 29 in the cut-oif plate 30, through
which the roller 28 runs, is concentric with
the axis of the valve through the greater part
of the length of said groove or slot, and it will
be seen that as long as the roller 28is held in
this concentric portion of the groove the crank
22, which receives movement direct from the
wrist-plate 3 and the crank 22 on the stem of
the valve, must move exactly together, by
which means the valve is rocked or oscillated
to the opening of the exhaust, back again to
1ts closing, and onward to the opening of the
steam-port directly from the wrist- plate
movements. Furthermore,the groove orslot
29 1s so arranged that when the steam-port is
fully open the roller 25 has passed by easy
change into another portion of the groove 29,
constitutingan arcthat is concentric not with
the axis of the valve-stem 18, but with the
center of the pin, making the joint with the
link 26 upon the outer end of the erank or
valve arm 20, this arc in the groove 29 having
a radius of construction just equal to the
length of the link 26 from center to center of
1ts jJoint-pins. On reaching this changed arc
the roller 28 is carried through it, pressure
from the spur 24 helping a ready expansion,

1

and as the end of the valve-arm 20 1s now ex-
actly in: the center of the arc through which
the roller 28 moves, while the connecting-link
26 has the exact length of its radius, the valve
can no longer move, notwithstanding an on-
ward movement of the spur or arm 24 to its
finishin that direction. Theend ofthe crank
or valve arm 20 necessarily keeps its position
in relation to the center of the arc in which
the roller 28 is moving. Consequently if the
cut-off plate 80 is oscillated it will carry the
valve-arm 20 with it, only changing the rela-
tive position of theroller 28, within the arc of
which the end of said valve-arm 1s the center.

Obviously the principle for control of the
valve lies in keeping the middle joint of the
togele-links (2. ¢., the pin 27 therein) moving
first in an are, or nearly an arc, concentric
with the center of the valve-stem until the
valve is open, or as nearly so as may be de-
sired, after which 1t must pass through an-
other arc eccentric with this but concentrie
with the center of the pin upon the end of the
valve-stem crank-arm 20, the means for ac-
complishing this to be so controlled by the
oovernor, through the cut-off mechanism, re-
oardless of its particular form, whether that
of a plate with a groove in which a rollerruns
or connecting links and eranks—in the pres-
ent construction a plateand groove being pre-
ferred—that the cut-off and other movements
of the valve may be controlled as described.

There is positioned upon the cut-off plate
30 a buffer 31, guarded by leatherorother sub-
stance calculated to prevent shock, and so lo-
cated as to meet the valve-arm 20 just before
the position at which said valve-arm comes to
rest through its decreasing motion controlled
by the roller 2§ as it passes through a reverse
arc in the groove or slot 29, where the concen-
tric and eccentric¢ portions of said groove are
joined. This buffer 31 obviates all risk of
strain in the parts at the moment of cut-off,
which is brought about by a backward move-
ment or oscillation of the cut-off plate 30, ac-
tuated through connections that will be pres-
ently described. The cut-off plate 1s always
in position to allow the roller 28 to pass into
the eccentric portionof the slotor groove 29,
and thus receive the valve-crank 20 in its
place of rest time enough before the begin-
ning of a stroke of the engine to insure the
valve its free opening by means ol the wrist-
plate movement, except when under urgency
the cut-off has acted so early to prevent any
opening of the steam-port for that strolke.
Upon the end of the valve-crank 20 reaching
its position in the center of the eccentre are,
although the said crank or valve arm 1s now
at rest in relation to the cut-off plate, the
roller 28 moves onward through the slot or
groove 29, while the actuating spuror arm
24 is permitted to approach the valve-arm
through toggle action of the links 25 and 20,
and with a long cut-off may even start to re-
turn in its regular movement before the cut-

| off through movement of the plate 30, which
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effecting the cut-off through movement of the
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has more rapid 'atat«io'n, can fake place. Under | of the whole movement of the cut-off lever

an extreme necessity the wrist-plate move-
ment alone, acting through the links 25 and
26, may aetuate the v&lve to a closing of the
steam-port through the cut-off being held very
Therefore as the time of

plate 30 18 regulated bya, governor 32 1t may
take place at any part of the stroke so deter-
mined from its beginning to as near its end
as the wrist-plate movement can properly ef-
fect—that is to say, there is no interval be-
tween the latest action of the cut-off mechan-
1sm proper and the closing of the valve as ef-
fected by the wrist-plate movement alone at
the end of the stroke.

The movement for the cut-off mechanism is
taken as directly as possible from the cross-
head 33 of the engine, that it may be not only
simple and direct in application, but also,
which 1s of much importance, that the cut-
off may be accomplished at identical posi-
tions of the piston for both directions of its
movement with its own ‘‘angular advance.”
This 1s impossible through use of an eccen-
triec for this purpose, as it has its own degree
and time of angular advance.
cross-head 83 motion may be transmitted
through a system of levers 34 385 36 or an
equivalent lever or levers and as directly
as may be practical to a cut-off lever 37,

- having its bearing or fulerum 38 at or near

-one end.

In the outer portion of this oscil-

~ latory cut-off lever 37 is a longitudinal slot

35

40

39, In which is carried a sliding block 40, con-
trolled in position by the governor, as pres-
ently explained. The block 40 carries a pin
or center 41, upon which are pivoted links
42, leading off at each side to rocker-arms 43,
that are fulecrumed, as at 44, to the engine-
frame or ¢ylinder-housing. To the joint con-
nections of the links 42 and rocker-arms 43
are attached connecting-rods 45, leading to
pins 46 upon rocker-arms 47, which actuate
the cut-off plates 30, one for each valve of the
high-pressure cy]inder 1n a compound engine,
as shown, or as in a single-cylinder engine

~one for the valve at each end of such cylin-

50

55

der.  These valves each comprise both induec-
tion and eduction events for its end of the
cylinder. Cut-off is always completed at an
identical position of the rocker-arm 43 and
rocker-arm 47 no matter at what part of the

stroke 1t may take place, and these rocker-

arms are so arranged that if the sliding block

401s down intheslot 39 cut-off will come much
sooner 1n the stroke of the engine than if the
block be up, the range of movement follow-

- 1ng such part of the whole stroke as may be

60

desired, from no admission of steam at all to

- a coincidence with the closing of the valve

. the wrist-plate.

effected by the main gearing actuated from
1t will be seen that the con-
necting mechanism from the attachment at

41 on the sliding block 40 in the cut-off le-

ver 37 through to the gearing upon the valve-

essary to ef ect the cut-oit
steam-port, the remainder being lost motion

Hrom the'

which 18 coincident with that of the plston
of the engine shall reach the valve as is nec-
or closing of the

as regards the movement of the cut-off plate
30, this lost motion being taken from one
Iimit or the other of the movement of the

rocker-arm 45 and rocker-arm 47, according

to the position of the block 40 in its slot 39,
the links 42 and connecting-rods 45 having
certain parts of the movement of their ends
through arcs in which they swing, while con-
veying little or no movement to the cut-off
plate. This concentration of the movement
of the cut-off plate 30 to just the limit neces-
sary to accomplish the cut-oft is greatly helped
by reason of the couneciion between the
rocker-arm 47 and the plate 30 taking place
through reversed and intersecting mcs and
with a blidiﬂﬂ‘ movement through parts here-
inafter desenbed which also secures, aided
by the connectmfr rod action, an easy and
ﬂ‘r&dually-mcreasmﬂ* motion for the cut-off
plate from its position of rest to a rapid com-
pletion of the cut-off and then a gradual dimi-
nution of motion to its second point of rest.

" The effect of this action is to make the cut-

off very quick at its finish, avoiding ‘¢ wire-
drawing,” and of exact degree at whatever
part of the stroke it may occur, the whole
cut-off mechanism beingat the same time easy
running and operating with great smooth-
ness, freedom from wear, and without shock
either in starting the movement of the plate
30 or in bringing it to rest.

The rocker-arm 47 has upon 1ts outer end,
beneath the plate 30, a bearing 48, Kigs. 4 and
5, which holds a loose pin 49, havmﬂ formed
uponitsendontsidethesaid bea,rmn' and near-
est the plate a groove or guideway'm, that
fits smoothly and slidingly upon a bar or rod
51, that is firmly attached to the back of the
cut-oft plate 30, the object being to provide a

smooth and free sliding connection between

the cut-off plate 30 and the rocker-arm 47

that will permit the end of said rocker-arm to

act 1n its reversed arc upon proper movement
of the cut-off plate. The proper degree of
movement of the cut-off plate 30 is concen-
trated from the longer arc of movement of
the cut-off lever 37 through the rocker-arm
43 at its lower limit of movement in conse-
quence of the movement of rod 45 as it ap-
proaches (or even passes) the rocker-arm ful-
crum 44 and at the upper limit of movement
in said rocker-arm 43 in consequence of the
arrangement of parts by which its relation to
the cut-off lever 37 is changed through up-
ward or outward movement of the Slldlllﬂ‘
block 40, also through the rocker-arm 47, by
which the cut-o plate 30 is 1mmedla,tely a.c-
tuated in consequence of the arc of movement
in said rocker-arm being opposed to that of
the bar 51, secured to the said cut-off plate,

which, thr ouﬂ*h the sliding motion of guide 50

stem 1S so alranﬂ*ed tha,t only just such part | upon the bar 51, pmwdes a gradual d1m111u-
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tion or acceleration of the movement of the ]

cut-off plate that may at extremes even bring
1t to rest while the rocker-arm 47 still moves.
The attachment of the rocker-arm 47 to the
connecting-rod 45 1s shown at 46 as separate
from the pin 49 and its bearing 48; but it is
obvious that, 1f desired, these parts may be
arranged coincident. |
In a vertical compound engine, as shown,

the rocker-arm 47 at the upper steam-valve

1s supported from a bracket-arm 47, Fig. 2,
adjacent to the stem 13 of that valve. At the
lower steam-valve the rocker-arm 47 is more
conveniently fulerumed to a projection of a
collar 47° on the end of the bonnet, through
which projects the stem 18* of the adjacent
lower exhaust-valve,asclearly shown in Kig.5.

The sliding block 40 in the slot 39 of cut-
off lever 37 1s connected by means of a link
or rod 52 to another sliding block 53, engaged
in a slot 54 near the fulerumed end of the cut-
off lever. ™This block 53 has a similar longi-
tudinal movement with the connected block
40, the two thus being made coincident in
action. In the sliding bloek 53 is a groove
53, preferably made in the form of an arc
for ease of connection with one end of a two-
armed lever 55, that is fulerumed at 56 on the
engine-frame. The other end of this two-
armed lever 55 connects, through a link 57,
with one end of a two-armed lever 48, ful-
crumed at 59 and arranged substantially at a
right angle to the first-named lever 55, that
immediately connects with the slide-block 53
of the cut-off lever.
connects, through the rod 60, with the gov-
ernor mechanism 32, asshown. Throughthis
Ot a simiiar connection with a governor mech-
anism the sliding blocks 40 and 53 are drawn
downward for an earlier cut-off and pushed
upward foralater cut-off, while the arc-groove
55" 1n the sliding block 53 permits free move-
ment of the cut-off lever 37 without disturb-
ance to this regulation of position for the said
sliding blocks. The position of the sliding
block 40 1 the slot 39 determines the point
in the stroke of the engine at which the cut-
off shall take place for both ends of the cyl-
inder, the two links 42 acting equally. The
connections to the governor may be varied to
be more or less direct, according to circum-
stances, even to a direct connection with siid-
ing block 40; but in any case they should be
balanced, so that the work upon the governor
shall be as light as possible and equal in de-
oree, whether the block 40 be moved upward
or downward. As the movement of the con-
nections on one side of the lever is effecting
a cut-off for their end of the steam-cylinder
those of the other side are by reverse move-
ment restoring the cut-oif plate 30 to its origi-
nal position for the beginning of another
stroke. One of these actions presses upward
or outward upon the block 40, while the other
draws downward or inward upon it. Thus
with such correction for balance as may be
necessary they neutralize each the action of

One end of the lever 53

the other as regards movement of the block
40 and leave it free to easy regulation by the
QOVernor.

To provide for increasing or decreasing the
speed of the engine through an increase or
decrease in the resistance to the action of the
covernor as exerted through the cut-off mech-
anism, there may be placed intermediate the
covernor and the cut-off a movable weight 61,
suspended, for instance, from the lever 58 in
such a manner as to be capable of adjustment
toward and from the lever-fulcrum. DBy ad-
justment of this weight 61 upon its support-
ing-lever the speed at which the engine is to
run will be increased through increasing the
resistance against action of the governor by
a movement outward of the weight upon the
lever, and conversely the speed will be de-
creased by decreasing that resistance through
an adjustment of the weight inward. 't'he
same effect and action may be obtained
through use of a spring or other similar means
of increasing and decreasing the tension upon
the lever, In this manner, though the throt-
tle is full open and the valve-gear running in
its normal condition, the engine may be set to
run very slowly while warming up and wait-
ing for its work, and be then started into full
action and speed simply by moving the weight
61 to its proper position upon the lever.

In a compound engine the wrist-plate 3 will
be connected by rods 62 to rigidly-attached
arms 63 on the stems of the low-pressure
valves.

Throughout the engine,whether constructed
with one or more cylinders, either vertical or
horizontal, there is a perfect balancing, as by
part against part where practicable or by
counterbalance, if necessary.

What I claim 1s—

1. In an engine, the combination with an
oscillatory valve controlling both induction
and eduction, and a valve-gear comprising a
wrist-plate and connections actuated from an
eccentric on the main engine-shaft, of gov-
ernor-controlled cut-off mechanism actuated
from the movement of the cross-head and
piston-rod of the engine, whereby a variable
cut-oif 1s effected at the same position of the
piston relative to the stroke for both direc-
tions of its movement and at any point of the
stroke, substantially as described.

2. In an engine, the combination with a
valve, and a valve-gear comprising a wrist-
plate and valve connections actuated from an
eccentricon themain engine-shaft, of a cut-oft
lever having direct connection with and ac-
tuated from the movement of the piston-rod
and engine cross-head, a governor-controlled
slide-block carried bysaid cut-off lever, a cut-
off plate 1n toggle-link connection with the
valve-gear and its wrist-plate, and connect-
ing mechanism from the governor-controlled
slide-block to the said cut-off plate, substan-
tially as deseribed.

3. In an engine, the combination with a

| valve, and a valve-gear comprising a wrist-
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engine-shaft, of a cut-off lever actuated from
the movement of the cross-head and piston-

rod of the engine, a governor-controlled slide-
~block carried by said lever, a slotted cut-off

plate,a collar having two arms to one of which

" 1is attached a connecting-rod from the wrist-

10

20

plate, toggle-links connecting the other arm
of said collar to a rigid arm on the valve-

‘Stem, a roller at the connecting-joint of said

toggle-links and engaged in the slot of the
cut-off plate, and lever connections from the
governor-controlled slide-block to the cut-off
plate, substantially as described.

valve, the valve-gear, and wrist-plate connec-

tions, of a cut-off lever actuated from the |

movement of the piston-rod and engine cross-
head, a governer-controlled slide-block car-
ried by said cut-off lever, a cut-off plate hav-
ing aslotted portion in togele-link connection
with the valve-gear and wrist-plate, a rocker-

arm having a pivotal link connection with the
-governor-controlled slide-block, a rocker-arm
slidingly connected with the cut-off plate, and |

connecting -rods between the said rocker-

- arms, substantially as deseribed.

30

5. In an engine, the combination with g

valve, the valve-gear, and its wrist-plate, of |

a cut-off lever actuated from the movement

of the piston-rod and engine cross-head, co--

- incidently-acting slide-blocks carried by said

cut-oif lever, a cut-off plate actuated from
one of said slide-blocksandin variable connec-
tion with the valve-gearand wrist-plate,a gov-

ernor having lever connections to the other

one of said slide-blocks, and a movable weight
supported by said lever connections and ad-

- Justable thereon to vary the resistance to the

40

ko

action of the governor through the cut-off
mechanism and thereby control the engine
speed, substantially as described. .

6. In an engine, the combination with a

valve, the valve-gear, and its wrist-plate, of

a rock-shaft provided with two arms one of
which has an actuating connection to the said
wrist-plate, a guide-sleeve rigid on the engine-
frame, a slide-block arranged in said sleeve
and provided with two pins or pivot-bearings
at right angles to each other, a link connect-
ing one of said pins toan arm of the said rock-

- shaft, and an' eccentric-rod connecting the

55

6o

other of said pins to an eccentric on the en-
gine-shaft, substantially as deseribed.

7. In an engine, the combination with an

oscillatory valve having its stem provided
with arigid erank-arm, of an oscillatory collar
mounted concentric with the axisof said valve
and provided with two arms one of which
1s in line with the outer end of the valve-
arm, toggle-links connecting said collar-arm
and valve-arm, a connecting-rod between the

other collar-arm and a wrist-plate that is ac--

tuated from the engine-shaft, a cut-off plate

having a slot thatis concentric for the greater
‘part of its length with the axis of the valve
and for the remainder of its length concentric |

| ' with the pin that makes connection between
the outer end of the valve-arm and one of
sald toggle-links, a roller engaged in said slot
and mounted on the joint that connects the
two - toggle-links, and governor- controlled.
mechanism connected with the said slotted

cut-o

- plate and actuated from the engine

‘cross-head, substantially as described.

- 8. In an engine, the combination with an

| oscillatory valve having its stem provided

with a rigidly-attached crank-arm, of an os-

75

cillatory collar mounted concentric with the

axis of said valveand provided with two arms,

| toggle-links connecting one of said eollar-
4. In an engine, the combination with a |

arms with the valve-arm, a connecting-rod
between the other collar-arm and a wrist-
plate, a cut-off plate having an are-slot that is
partly concentric with the valve-axis and
partly eccentric thereto, a roller engaged in
sald slot and mounted on a pin at the joint
connection of the two toggle-links, a cut-off
lever actuated from the movement of the pis-

ton-rod and engine cross-head, a governor-

controlled slide-block carried by said lever,
and connections from said slide-block to the
cut-off plate, substantially as described.

9. Inanengine, the combination of a wrist-
plate actuated from an eccentric on the en-
gine-shaft, an oscillatory valve, a valve-gear
through which the valve is oscillated to the
opening of the exhaust then back again to its
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closing and onward to the opening of the

steam-port directly from action of the wrist-

plate, a cut-off plate having slot and toggle-

link connection with the valve-gear and wrist-
plate, and governor-controlled mechanism
connected with said cut-off plate and actu-
ated from the movement of the engine cross-
head, substantially as described. .

10. In an engine, the combination of an
oscillatory valve, a wrist-plate, valve-gear
through which the valve is oscillated to the
opening and closing of the exhaust and on-
ward to opening of the steam-port directly by

| action of the wrist-plate, a cut-off plate hav- _
ing slot and toggle-link connection with the

valve-gear and wrist-plate, and governor-
controlled mechanism for effecting cut-off
through said plate at any point in the stroke
and without interval between the latest ac-
tion of the cut-off plate and the closing of the

valve by wrist-plate movement, substantially

as described. L | |

11. In an engine, the combination of an
oscillatory valve, a wrist-plate, valve-gear ac-
tunated from said wrist-plate for controlling
induction and eduction through said valve, a
cut-oif plate having variable slot and toggle-

link connection with the valve-gear and wrist-

plate, a cut-off lever actuated from the move-

‘mentof the piston-rod and engine cross-head,

a governor-controlled slide-block carried by
said lever, and rocker mechanism having a
pivotally-linked connection with said slide-

block and a sliding connection with the cut-

off plate, substantially as described.

12. In an engine, the combination with a
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valve, a wrist-plate, a valve-gear,and cut-off
plate, of a slotted cut-oif lever, coincidently-
acting slide-blocks carried in the slots ot sald
lever, rocker mechanism connecting one of
said slide-blocks with the cut-off plate, the
other one of said slide-blocks being provided
with an are-groove, and a lever having one
end slidingly engaged in said arc-groove and
its other end connected with agovernormech-
anism, substantially as desecribed.

13. In an engine, the combination with a
valve, a valve-gear, and a variable cut-off, of
an oscillatory cut-off lever, coincidently-act-
ing slide-blocks carried by said lever and con-
nected with each other by a link or rod, con-
nections from one of said slide-blocks to the
cut-off proper for concentration of motion
upon only the necessary movementof the cut-
off, and governor mechanism connected with
the other slide-block, substantially as de-
scribed.

14. In an engine, the combination with a
valve and valve-gear, of governor-controlled
cut-off mechanism actuated from the move-
ment of the cross-head and piston-rod of the
engine, the said cut-off mechanism CoOmpris-
ing means for effecting concentration of mo-
tion upon only the necessary movement of
the cut-off, substantially as described.

15. In an engine, the combination with a
valve, and valve-gear actuated from the en-
oine-shaft, of a governor-controlled cut-oft
mechanism actuated direct from the move-
ment of the cross-head and piston-rod of the
engine, with provision for concentration of
motion upon only the necessary movement of
the cut-off, substantially as described.

- 16. In an engine, the combination with a

valve, and valve-gear, of an oscillatory cut-
off lever, a governor-controlled slide-block
carried by said lever, and a variable cut-oll
controlled from said slide-block with provi-
sion for concentration of motion upon only
the necessary movement of the cut-off, sub-
stantially as described.

17. In an engine, the combination with a
valve,and valve-gear through which the valve
is actuated to the opening and closing of the
exhaust and onward to opening of the steam-
port, of a variable cut-off, a governor for con-
trolling the cut-off, and meansfor varying the
resistance to the action of the governor
through the cut-off mechanism tothereby con-
trol the engine speed, substantially as de-
scribed. --

18. In an engine, the combination with a
valve, and valve-gear, of a variable cut-off
operating partly in an arc concentric with
the valve-stem and partly in an arc eccentric
thereto, an oscillatory cut-off lever; a slide-
block ecarried by said lever and having link
and rocker-arm connection with the cut-oft
proper, the said connection being arranged
for concentration of motion upon only the
necessary movement of the cut-off, a gover-
nor for controlling the slide-block movement,
and means for varying the resistance to the
covernor action through the cut-off mechan-
ism, substantially as described.

In testimony whereof I have hereunto set
my hand in presence of two subscribing wit-
nesses. |

JOSIATL DOVW.

Witnesses: |

CHAS. J. DCHAEFER,
ANNIE K. CONNELL.
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