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UNITED STATES

PATENT OFFICE.

B JOSIAH DOW, OF PHILADELPHIA, PENNSYLVANIA.

HIGH-SPEED ENGINE.

SPECIFICATION forming pait of Letters Patent No; 521,706, dated June 19,1894,
Application ﬁled December 14,1893, Serial No 493,620, (No model.) ‘

. To. all whom it may concern:

* Be it known that I, Josiam Dow, ba citizen

of the United States; 1es1d1nd at Phlladelphla,‘

“in the county of Phlladelphla and State of

Penngylvania; have invented new and use-
ful Improvements in High-Speed Engines, of

- which the following is a specification.

10

My invention relates to high speed vertical
compound steam engines and consistsin sev-

eral novel features in the construction, ar-

rangement and combinations of parts andde-

- vices as hereinafter described and more par-

15

20

ticularly pointed out in the clains.

It is one of the objects of my invention to
place the high pressure and low pressure en-
gine cyhnders in such compact and close re-
latlon to each other that simple steam pas-
sages located at opposite ends of the cylin-
ders, and only the.width of the ports, will di-
rectly conduct the whole of the steam from

- the exhaust of the high pressure eylinder to

the low pressure cvhnder, whereby the clear-
ance between the cylinders and through their

E valves may be made far less than has been

25

3o

heretofore practicable in engines of this class.

Another object of the 1nvent10n is to con-
trol the admission of steam to the low préss-
ure cylinder by means of the valve of the
high pressure eylinder-which preferably com-
bines both inlet to and outlet from the said

" high pressure eylinder, the opening of the ex-

haust from the high pressure eylinder becom-
" ing the steam opening for the low pressure

, cyhnder and determmm<r the lead of steam

35

40
- vide an improved and reliable governor-con-

thereto. -

Another object of my invention 1s to pro-
vide mechanism for working both sets of
valves, the high pressureand thelow pressure,
from one wrlst plate.

Another object of the invention is to pro-

trolled mechanism for actuating the ent off

" plates to determine, the point of cut off and

45
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equalize the motion of the valves at both ends

“of the high pressure cylinder.

Another object of the invention is to o ar-
range the main rocker arm and its connection
with the engine shaft as to eorrect the angn-
lar advance of- the rocker arm: eccentric and
rod with relation to each other:and cause the

~high pressure and low pressure valves to have

the same movements in both the up and down
strokes.

Another object of the invention is to pro-
vide throughout the engine a perfect bal-
ance—as by part against part where most con-
venient, or otherwise by counter-balancing at
suitable points,so that everything will be bal-
anced from the pistons, rods and ceranks to
the valve gear, and its actuating mechanism,
the governor-controlled cut off devices and
every detail of parts concerned in the dis-
tribution of steam and the working of the en-
gine.

In the annexed drawings lllustratm«r the
invention—Figure 1, shows, in dotted hnes,

‘an elevation of the frame and cylinders of a

vertical compound engine, while in full lines
dre shown the valve gear, cut off and wrist
plate connections and, also, my improved bal-
anced or counter-balanced mechanism for op-

+erating the valves of the high pressure and

low pressure eylinders from the engine shaft
and controlling the point of cut off 1 by the ac-
tion of a governor driven from said shaft.
Fig. 2, is a similar elevation at a right angle
to the view shown in the- preceding figure.
Fig. 8, is an enlarged vertical section, on the
line 3—3, Fig. 4, through the high pressure
and low pressure ecylinders, initial stéam
chamber; exhaust chamber, closed interven-
ing spaces, valves.and steam passages; with
the pistons and piston rods in ‘elevation.
Fig. 4, is a horizontal section on. the line
4—4 of Fig. 3. Fig. 5,18 a section on theline
5—b5 of Fig. 3, with the pistons removed. Fig.

55
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6, is a vertieal transverse section on the line

6—6 of Fig. 5, through the steam inlet and
initial steam chamber. Fig. 7, is a view of
one of the valves of the high pressure cylin-
der. Fig. §, is a view of one of the valves of
the low pressure cylinder. - Fig. 9, is an en-
larged perspective of the governor controlled
mechanism for equahzmv the action of the
high pressure valves and detelmmlnw the
pomt of cut off. - Figs. 10 and 11, are partly
sectional detail views of parts of gaid gov-
ernor controlled cut off mechanism. -
Referring, first, to Figs. 1, 2, 3, 4, 5 and 6,
the numeral 1, deswnates the hlgh pressure
eylinder and 2 the low pressure cylinder.
These cylinders, as shown, are placed verti-
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cally and in such relation to each other that
a simple steam passage 3, only the width of
the cylinder ports, servesto conduct the whole
of the steam from the exhaust of the high
pressure eylinder to the induetion of the low
pressure cylinder, the admission of steam to
the low pressure cylinder being controlled by
the exhaust valve of the high pressure eylin-
der. The engine may,however, be preferably
built with each valve at the high pressure
cylinder combining both inlet to and outlet
from that cylinder. It will beobserved that
the cylinders are placed close together and
may be constructed practically integral and
in ecompact close relation to each other with
the steam passages 3, at top and bottom,
formed in the casting and extended from the
valves of the high pressure eylinder to the
valves of the low pressure cylinder. The
valves of the two cylinders are thus connect-
ed by simple and direct passages withoutany
intermediate ehambers or intermediate re-
ceiver or pipe. :

Next to the high pressure.cylinder 1, is the
initial steam chamber 4; then a closed air
gpace 5, either filled with non-conducting
material or not; then the exhaust chamber 6
from the low pressure cylinder 2 and then,
between the exhaust chamber and the low
pressure cylinder, another air space 7 that
may, or may not, be filled with non-conduet-
ing material. AsshowninFigs.3,4and5the
cylinders 1 and 2 may be partly or wholly sur-
rounded by a jacket 8, filled with .magnesia,
asbestus or other non-conducting substance.

The initial steam chamber 4 is provided on
one-side with a steam inlet 9 to which a suit-
able-valved steam inlet pipe 10 will be con-
neected, as indicated in Figs. 1 and 2.

At the ends of the initial steam chamber 4,
adjacent to the top and bottom of the high
pressurecylinder 1, are transversely arranged

eylindrical valve seats 4* each of which com-.

municates on one hand through a port or
ports 11 with-one end of the high pressure
.cylinder and on the other hand with the pas-
sage 3 leading to the corresponding valve of
the low pressure cylinder. Each port 11 is
controlled by -a cylindrical oscillatory bal-
anced valve 12 constructed in the manner de-
scribed and claimed in Letters Patent No.
498,635, granted tome May 30, 1893, This
valve 12 is hollow and has steam admitted
into the interior only through annular series
.of peripheral openings or ports 13 at its two
ends, as shown in Figs. 4 and 7. Surround-
ing the ends of these valves 12 are steam
chambers 14 communicating with the initial
steam chamber 4 through passages 15, Fig. 6.
‘When the valves 12 are in place the steam
.chambers 14 have a steam tight separation
from the valve seats 4* by means of packing
rings 16, Fig. 4, resting closely around the
valvesandin theinnersides of said chambers.

Each hollow oscillatery valve 12 at the high
pressure cylinder is provided ononeside, be-
tween its peripheral end ports 13, with a nar-

521,706

row port, or ports 17, FFigs. 3 and 7-to permit
steam to pass through the interior of the
valve into the high pressure cylinder 1 when
the valve port 17 is brought into coincidence
with the eylinder port 11, hereinbefore men-
tioned. Intheoppositeside of each valvel2is
a packed balance port 18, Fig. 3,and between
isthe ports17and 18isan exteriorcutaway or
depressed portion or pocket 19 to form an ex-
haust port or passage so that when the valve
is'moved into proper position to present one
side of said pocket or port 19 to the eylinder
port 11 and the other side to the passage 3,
between the eylinders, a direct channel is
afforded through which the exhaust steam
from.the high pressure cylinder passestothe
valve of the low pressure cylinder.

The construetion and operation of the cy-
lindrical oscillatory valve 12 aresubstantially
the same as the valve described in my above
named priorpatent. It will be observed that
steam is not allowed to passaroundthevalve
and that no steam actually passes out of the
valve through the balance port. The cutside
of the valve being thus isolated from the
pressure of steam, the excess of pressure
at the balance port 18 over that at the port
17, through whieh steam passes to the eylin-
der, is only suffiéient to hold the valve closely
upon its seat atboth steam and exhaust pas-
sages-and thus render the valve as nearly
perfectly balanced as may be consistent with
a firm seat.

The opposite ends of the low pressure cyl-
inder 2 are provided with ports 20 that com-
municate with cylindrical valve seats 63 in
each of which is placed a solid -eylindrieal
two-way valve 21 having its exterior cutaway
longitudinally on one side to form a port or
passage 22, Figs. 3, 4and 8, similar to theold
Corliss exhaust valve. The eylindrical valve
seats 6* communicate with the connecting
passages 3 between the twoecylinders and alse
by exhaust ports 23 with the exhaust cham-
ber 6 that is provided at or about its center
with an exhaust outlet 24, Figs. 8 and 5, lead-
ing off to one side. The cut away portion,
port or passage 22 of each oscillatory low
pressure valve 21 works first to the adjacent
steam connecting passage 3 and then to the
exhaust.

In the operation of the engine the valve
action begins by the steam valve 12, say at
the upper end of the high pressure cylinder,
admitting steam above the piston 25 of that
cylinder. Then the “cut off” takes place
and the steam is allowed to expand as usual
to very near the end of the downward stroke
of the piston. In the meantime the piston
26 in the low pressure cylinder moves up-
ward exactly as the other piston 25 moves
downward, they beingbalanced in stroke one

against the other both in movement and:

weight, that is, the two cranks, pistons and
rods are always in exactly opposite positions
in stroke.  'When the low pressure piston in
moving upward, reaches the point for com-
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pression and just before compression is to
begin the valve 21 at the upper end of the
low pressure cylinder closes the exhaustport
or passages. It will be noted that as this
valve does not- for another portion of -the
stroke open to the connecting passage 8 be-
tween the cylinders that passage;in the re-
verse motion of the valve, has been closed
during the downward stroke the same length
of time before exhaust took place and con-

sequently the passage 3 contains steam at’

higher pressure than that of exhaust, and,

- therefore, as the - low pressure piston 26

13

20

25

moves upward against compression it reaches,”

or about reaches, the pressure in the con-
necting passage at'the time when the valve
21 opens to it.” Then the compression con-
tindes in the low pressure eylinder 2 until the
period for exhaust lead from the high press:
ure cylinder which isthus'added to the com-
pression at the end of the stroke in the low
pressure cylinder. This gives three stagesto
the compression ir the low pressure eylinder
and insures a perfect balance of the steam
between the two cylinders, at the beginning
of each stroke. These threestages are, first,

_ the closing of the exhaust port from the. low

30
v 35
40
45
50
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pressure cylinder; second, the opening of the
low pressure eylinder port to the connecting
passage 3 between the ceylinders, and, third,
the opening of the exhaust from the high
pressure ¢ylinder 1 which becomes really the
steani opening for the low pressure cylinder
2 and determines-the lead of steam for that
cylinder. ' g ‘

The length of the low pressure cylinder
port 20 and ent-away portion 22 of the valve
21, as shown in Fig. 4, are'each greater than
the corresponding ports at the high pressure
cylinder, as the low pressure cylinder itself
is of much greater diameter than the other
cylinder. Thus the connecting passage 3 be-

tween the twoeylinders tapers from the valve .

seat of one to that of the other and affords a
very free outlet for steamfrom the high press-
ureé cylinder to the low pressure cylinder.. .

The close and compaet arrangement. of the
eylinders 1 and 2, initial steam chamber.4;
exhaust chamber 6 and closed interspades 5
and 7 and the employment of the oscillatory

valves 12 and 21 in the connection and rela-
tion to each other as hereinbefore described,

with the simple and direct connecting pas-
sages 3 bétween the two cylinders and the
high pressure exhaust lead controlling the

. low préessure steam lead, may be noted as im-
~ portant features of the present invention.

60

. this general character.

.65

The ‘clearance between the cylinders and
through the valves, it will be observed, is
greatly redueed and made much less than has
heretofore been accomplished in engines of
This is a very valu-
able point in eompounding. - Both sets of
valves, namely, the high pressure and the
low pressure, are worked from one main wrist
plate 27, Fig.'1. The valve gear 28 and wrist
plate connections 29 for the oscillatory high

of the engine.

pressure. valves 12, and also the grooved or
slotted cut off plates 30 and their connéctions
31 with a quadrant or auxiliary wrist plate
32, movable upon the same axis with the
main wrist plate but entirely independent
fromit,are allsubstantiallythesameasshown,
described and claimed in Letters Patent No.
498,634, granted to me May 30; 1803, except
that a connection, in some places, takes hold
outside its bearing instead of inside, to bet-
ter-accommodate the ‘action of the parts to
the vertical condition. The main wrist plate
27 is connected by rods or connections 33 to
rigidly atfached arms 34 on the stems of the
low pressure valves. . '

- The high pressure valves 12 and low press-
ure valves 21 ‘are oscillated from the main
wrist platé 27 whieh receives its motion
through a rod 35 that connects with the free
end of an arm 36 on a rock-shaft 37, Figs. 1
and 2. This rock-shaft 37 is provided with -
another arm 38, Fig. 1, having a ball and
socket connection with one end of a rod 39
that connects atits other end with a countef-
balanced and weighted main rocker arm 40
to which motion is communicated through a
rod 41 from an eccentric 42 on the main shaft
The counter-balanced main
rocker arm 40 is fulerumed to the engine
frame at 43, intermnediate the ends of said
arm.  On the engine frame, as shown in Fig.
1,is a bracket 43* by which. the fulernm of
the rocker arm is supported. The rod 39 is
pivotally connected with the main rocker arm

70
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85
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95
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40 near one end of the said arm and. the -

other-end of the rocker arm is provided with
a counter-balance 44 preferably in the form
of an integral hollow ball or other suitably
‘shaped chamber or cavity to be filled with
lead or other weighty material, as needed.
The rod 41 from the main eccentric 42 to the
counter-balanced main rocker arm 40 has its
connection on the rocker arm at a point be-
tween and sufficiently below a direet line be-
tween the centers of the fulerum 43 and end

.{of the rod 39, on the line of an arc through

10§

I10

where the connection to eccentric rod would

ordinarily be, to correct the angular advance
of the eccentric and rod .in relation to each
other and. bring the movement of the valve
gearing into the same time for reaching each
degree of -its advance in either direction, or
going from the center in either way of move-
ment. This, therefore, makesthe movements
of the valves the same in both the up and
down strokes. -

The “cut off” at the high pressure valves
12 is effected through the quadrant or auxil-
iary wrist plate 32 that is movable upon the
same axis as the main wrist plate but en-
tirely independent thereof. This auxiliary
‘wrist plate 32 is actuated through a rod 45,
Figs. 1, 2 and 9, one end 0f which has a ball
and socket connection with a erank arm 46
on one end of a rock shaft 47 supported in
suitable bearings on the engine frame. To
the other end of the rock shaft 47 i§ secured

I20
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- rocker arm 40, as shown in Fig. 2.
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a crank arm orequalizer lever 48, Figs. 9 and
10, the outer side of which is provided with a
longitudinal groove 49 in which slides a pin or
block 50 carried by one end of an auxiliary, or
cut off, rocker arm 51 that is fulerumed at 52,
about midway its length, to the engine frame.
It will be seen that the groove 49 and pin-or
block 50 form a variable connection between
the equalizer 48 and one end of the auxiliary
rockerarm. Totheotherend of thisauxiliary
rocker arm or lever 51 ig pivotally attached
one end of a rod 53 the other end of which is
bifurcated toreceive a slide block 54 that is
pivotally supported therein, as shown in Fig.
9. This slide block 54 is loosely engaged in
a segmental sloited link 55 one end of which
is falerumed, through a pin 56, to the un-
weighted end of the counter-balanced main
To the
other end of the slotted link 55 is pivotally
attached a rod 57 that is connected to and

actuated from the cut off eccentrie 58 on the |-

engine shaft.

As in other engines of the Corliss tvpe the
point of “.cut off ”is determined by a gov-
ernor. The mechanism through which this
is effected will now be described. A pendu-
lum lever 59, Figs. 1,2 and 9, is suspended at
60 from a bracket 61 on the engine'frame im-
mediately behind the center of movement of
that end of the rocker arm 51 to whiceh is at-
tached the rod 53 connecting with the slide
block 54 in the slotted link 55 that is actu-
ated from the cut off eccentric. The lower
end of the pendulum 59 is provided with a
longitudinal slot 62, Figs. 2 and 9, in which
plays up and down a subsidiary slide block
63 mounted .on the extended end of a pin
64, passed through the link slide block 54,
and by which the two slide blocks are con-
nected. This allows full play up and down
for the slotted link 55, while the position in
it of the slide block 54 fordetermining cut off
is held secure. TFor the purpose of shifting
the link slide block 54 to and from the link
fulerum 56 to vary the point of cuf off the
pendulum 59 is moved into proper position
by an escillatory plate 65, Figs. 9 and 11, piv-
otally supported from a bracket 66, Fig.1, on
the engine frame. In the face of the oscilla-
tory plate 65 is a helieal cam groove or slot
67 that engages with a pin or roller 68 on the
pendulum. To the rear side of this oscilla-
tory plate 65 is secured a pinion 69 engaged
with a- receiproeating rack bar 70 through
which the helical cam plate 65and pendulum
59 are actuated from any suitable governor.
The shorter end of the oscillatory cam plate
65 may be counter-balanced at 71 as shown
in Figs. 9 and 11. By suspending and ar-

_ranging the pendulum 59 in the manner

55

shown and deseribed it is afforded a range of
movement at all times directly in line with
the rod 53 conneeting the auxiliary rocker
arm 51 with the link slide bloek 54 through
the position of which in the slotted link 55 is
determined the point of cutoff for the valves

- b21,708

of the high pressure cylinder. The plate 65
with its helieal cam groove or slot 67 is oseil-
lated in one direetion or the other by the
rack 70, actuated from the governor, and the
pendulum 59 is thus moved one way or the
other, controlled by the pin 68 in the cam
groove 67, and carries with it the link block
54 to a longer or shorter position for cut off.
As the pin 68 fitting in the helical cam groove
67 is in direet line with the pivotal bearing
of the pinion 69 and plate 65 the resistance
is against that bearing and doesnot haveany
appreciable tendency to react upon the gov-
ernor.

I may employ a governor driven directly
from the main shaft of the engine through
gearing 72 and upright shaft 73, Fig. 2, but
as the particular form of the governor is not
essential and forms no part of my present in-
vention its illustration here is not deemed
necessary. ‘

It will be observed that the balanecing,
throughout the engine, is part against part
where practicable and otherwise counter-bal-
anced. This balance of the several partsin-
cludes everything from the pistons, rodsand
cranks to the valve gear and wrist plate con-
nections, the rocker arms, the equalizing and
governing mechanism for the “cut off ” and,
also, the smallest minutize of the distribu-
tion of steam.

What I claim as my invention is—

1. In a compound engine, the combination
of a high pressure eylinder and a low press-
ure cylinder placed side by side in compact
close relation to each other and provided at
both ends with direct steam connecting pas-
sages formed in the cylinder casting and lead-
ing from the exhaust of the high pressure cyl-
inder to the induction of the low pressure cyl-
inder, an initial steam chamber and an ex-
haust chamber interinediate said cylinders,
and eylindrical oseillatory valves at bothends
of both the high pressure and the low press-
ure cylinders and located between the said
eylinders, each valve adapted to control both
the induction and eduction of its eylinder and
the valves at the ends of the high pressure
cylinder being also adapted to control the
lead of steam to the low pressure cylinder,
substantially as deseribed.

2. In a compound engine, the combination
of a high pressure cylinder and a low press-
ure cylinder placed side by side in compact
close relation to each other and provided with
direct steam connecting passages leading
from the exhaust of the high pressure ¢ylin-
der to the induetion of the low pressure cyl-
inder, an initial steam chamber and an ex-
haust chamber intermediate said cylinders
and each provided at both ends with eylin-

‘drical valve seats, and cylindrical oscillatory

valves located in said valve seats atthe high
pressure cylinder and low pressure cylinder,
respectively, and each adapted to control
both the induction and eduction of its cylin-
der, the valves at the high pressure eylinder
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being arranged to govern the admission of
steam to the low pressure cylinder from the

. exhaust lead of the high pressure cylinder,

o]
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substantially as desecribed.

3. In a compound engine, the combination
of a high pressure cylinder and a low press-
ure cylinder placed side by side in compact
close relation to each other, an initial steam
-cl.lamber and an exhaust chamber interme-
diate said cylinders and alternating with in-
tervening closed spaces, both endsof the cyl-
inder-casting being provided between the cyl-
inders with cylindrieal valve seats located at
the high pressure and low pressure cylinders
and with direct steam ‘connecting passages
leading from the exhaust of the high pressure
cylinder to the induction of the low pressure
cylinder, and eylindrical oscillatory valves lo-
cated in'said valve seats at both ends of and
betweenthe cylinders, each valve being adapt-
ed to control both the induction and eduction
of its cylinder and the valves at the high
pressure cylinder controlling also the lead of
steam to the low pressure cylinder, substan-
tially as described. »

4. In a compound engine, the combination
with a high pressure cylinder and a low press-
ure cylinder placed in compaect close relation
to each other and having direct steam con-
necting passages tapering from the ports of
the high pressure cylinder to the ports of the
low pressure cylinder, whereby the clearance
between the cylindersand through the valves
is reduced and a free outlet afforded for the
‘passage of steam from the high pressure cyl-
inder to the low pressure eylinder, of valves
located between said cylinders and each
adapted to control-both the induction and
eduction of its eylinder, the valves at the high
pressure cylinder being also adapted to con-
trol the lead of steam at the low pressure cyl-
inder, substantially as deseribed. " '

5. In a compound engine, the combination
of the high pressure eylinder and the low
pressure cylinder placed side by side in com-
pact close relation to each other and provided
at bothends with direct steam connecting pas-
sages and with cylindrical valve seats located
at both ends of and between the cylinders, ey-
lindrical osecillatory valves for both ends of
each cylinder, located in said valve seats be-
tween the cylinders and each adapted to con-
trol both the induection and ‘eduction of its
cylinder, a single main wrist plate interme-
diate the cylinders, and valve gear and wrist
plate connections through which all the said
valves controlling the ports of both the high
pressure and low pressure cylinders are actu-

-ated, substantially as described. - :
60

6. In a compound engine, the combination
with the high pressure cylinder and the low
pressure cylinder placed in compact close re-
lation to each other and having direct steam
connecting passages, of aninitial steam cham-
ber and an exhaust chamber located between

-said cylinders and having cylindrical valve

- soats at their ends, oscillatory valves located

in said valve seats at the ports of both the
high and low pressure eylinders and between
the same, each of said valves adapted to con-
trol both the induction and eduction of its
cylinder, the valves at the high pressure cyl-
inder eontrolling both the exhaust from that
cylinder and the lead of steam at the low
pressure eylinder, a single main wrist plate
intermediate the ¢ylinders and through which
the said valves controlling the ports of both
the high and low pressure cylinders are actu-
ated, and suitable valve gear and wrist plate
connections, substantially as deseribed.

7. In a compound engine, the combination"

with the high pressure cylinder, the low press-

ure cylinder, their cylindrieal oscillatory.

valves, a single main wrist plate and the
valve gear and wrist plate connections, of a
counter-balanced main rocker -arm actuated
from an eccentric on the engine shaft, a rock
shaft provided with arms, a rod connecting
one arm of said rock shaft with the main
rocker arm on one side of its fulcrum and at
a point opposite its counter-balanced end,and
a rod connecting the other arm of said rock-
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shaft with the main wrist plate, substantially -

as deseribed.
8. In a compound engine, the combination
with the oscillatory valves, the main wrist

95 -

plate, and the valve gear and wrist plate con-

nections, of a counter-balanced main rocker
arm fulerumed intermediate its ends, a rock
shaft provided with arms, a rod connecting
one arm of said rock shaft with the main
rocker arm at a point opposite its counter-
balanced end, aneccentric rod extended from
an eccentric on the engine shaft and con-
nected . with said counter -balanced main

100
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rocker arm at a point between and below the -

rocker arm fulerum and the attachment of
the rod connecting with the rock shaft arm,

and another rod connecting the other arm of
said rock shaft -with the main wrist plate,
substantially as deseribed. : o

IIC

9. T a compound engine, the combination

with -the oscillatory valves, the main wrist
plate and the valve gear and wrist plate con-

‘nections, of a counter-balanced main rocker

arm actuated from an eccentric on the engine
shaft and connected with the said main wrist
plate, a slotted link ecarried by said main
rocker arm and actuated from the cut off ec:
centrie, a. block adapted to slide in said link,
a cut off mechanism connected with and actu-
ated from said block, a slotted pendulum, a
block adapted toslidein the slot of the pendu-
lum and .connected with the slide block of
the slotted link, an oscillatory plate having
a cam groove or slot engaged with a pin on

‘the pendulum, and rack and pinion gearing
for actuating said cam plate and pendulum
from a governor to vary the position of the

link siide block and determine the point of
cut off, substantially as described. S
10. The combination with an  oscillatory

valve, & main wrist plate, the valve gear and

wrist plate connections, a counter-balanced
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main rocker arm connected with the said
main wrist plate and actuated from an eccen-
tric on an engine shaft, a slotted link ful-
crumed tosaid main rocker arm and actuated
from a cut off eccentric, and a block adapted
to slide in said link, of a balanced centrally
fulerumed auxiliary rocker arm having one
end connected with said block, a pivotally
supported equalizer lever having a varying
connection with the other end of said auxil-
iary rocker arm, and cut off mechanism con-
nected with said equalizer lever, substan-
tially as deseribed.

11. The combination with an oscillatory
valve, the main wrist plate, a valve gear and
wrist plate connections, of a counter-balanced
main rocker armactuated from a main eccen-
trie rod, a two armed rock shaft intermediate
the main wrist plate and main rocker arm
and connected with both by rods, aslotted link
carried by the main rocker arm and actuated
from the cut off eccentric rod, a slide block
supported in said link, governor mechanism
connected with the said slide block to control
its position in the slotted link and determine
the point of cut off, a balanced auxiliary
rocker arm having one end connected with
the link slide block, an equalizer lever having
a varying conneection with the other end of
the auxiliary rocker arm, and a quadrant or
auxiliary wrist plate connected with said
equalizer and with the cut off plate that con-
trols the action of the valve gear, substan-

tially as described.

12, The eombination with an oscillatory
valve, a main wrist plate, the valve gear and
wrist plate connections, the cut off plate and
itsauxiliary wrist plate, of a counter-balanced
main roeker arm actuated from a main eccen-
tric and connected with the main wrist plate
of the valve gear, a link carried by said main
rocker arm and actuated from the cut off
eccentric, an auxiliary balanced rocker arm
intermediate said link and the auxiliary wrist
plate, a link slide block connected with one
end of the auxiliary rocker arm, equalizer
mechanism intermediate of and connected
with the auxiliary rocker arm and auxiliary
wrist plate, and governor mechanism con-
neected with the link slide block to determine
the point of cut off, substantially as de-
seribed.

18. The combination with an oscillatory
valve, its valve gear, main wrist plate and
wrist plate connections, of a counter-balanced
main rocker arm fulecrumed intermediate its
ends and connected with the main wrist plate
and main eccentrie rod, alink carried by said
main rocker arm and actnated from the cut
off eccentric rod, a block adapted to slide in
or.on said link and controlled by a governor,
a-centrally fulerumed and balanced auxiliary
rocker arm having one end connected with
said block, an equalizer lever having a vary-
ing connection with the other end of said aux-
iliary rocker arm, and means for connecting
the equalizer lever with a cut off quadrant or
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auxiliary wrist plate through which the cut

off is controlled, substantially as described.
14. The combination with an oscillatory

valve, its valve gear and wrist plate eonnec-

70

tions, a main rocker arm connected with a

main wrist plate and actuated from the main
eccentric rod, a link carried by the main
rocker arm and actuated from the cut off
eccentric rod, and a link slide block, of a
centrally fulerumed and balanced auxiliary
rocker arm connected with the link slide
block and with a cut off mechanisin,a slotted
pendulum lever, a slide block located in the
slot of the pendulum and eonnected with the
link slide block, an oseillatory plate having a
helical eam groove or slot engaged with a pin
or roller on the pendulum, and rack and pin-
ion gearing actuated from a governor to os-
cillate the cam plateand pendulum for shift-
ing the link slide block and controlling the
point of eut off, substantially as described.

15. The combination with the cylinders,
balanced pistons, cranks, rods, valves and
valve gear of a compound engine, of a coun-
ter-balanced main rocker arm connected with
the main wrist plate of the engine valve gear
and actuated from the main eccentric rod, a
link earried by said main rockerarm and act-
nated from the cut off ececentrie, a link slide
bloek, a balaneed .and centrally fulerumed
auxiliary rocker arm having one end con-
nected with thelink slideblock and its other
end with an equalizing mechanism through
which the cut off devices are actuated,a pen-
dulum provided with a slide block that is
engaged with the link slide block, a. counter-
balanced oscillatory cam plate engaged with
the pendulum,and gearing for actuating said

~cam plate and pendulum from a governor to

vary the position of the link slide block.and
control the point of cut off, substantially as
described.

16, The combination with.avalve, its valve
gear, a cub off plate that controls the action
of the valve gear,arockerarm actuated from
a main eccentric and connected with the valve
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gear, a link carried by.said main rocker arm

and actuated from a cut-off eccentric,a block
adapted to slide in or on said link, and con-
nections from said block to the cut off plate,
of a slotted pendulum, a block adapted to
slide in the slot of the pendulum and con-
nected with the link slide block, an oscilla-
tory plate having a-cam groove or slot en-
gaged with a pin on the pendulum, andrack
and pinion gearing for actuating said plate
and pendulum from a governor, to vary the
position of the link slide block and determine
the point of cut off, substantially as deseribed.

17. The combination with a valve, its valve
gear and cut off -connections, a main rocker
arm connected with the valve gear and car-
rying a link that is actuated from .a cut off
eccentric and provided with a link slide block
for controlling the cut off .connections, of a
pendulum for shifting the position of the link
slide block to control the point of cut off, and
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an oscillatory-cam plate engaged with the
pendulum and actuated from a governor, sub-
stantially as deseribed. :

18. The combination with a valve and its
valve gear and cit off devices comprising a

link slide block for controlling the point of’
cut off, of a slotted penduluw, a slide located:

in the slot of the pendulum and connected
with the link slide block, an oscillatory plate
having a helical cam groove or slot engaged

with a pin or roller projecting from the pen- |

dulum, and means for actuating said cam
plate and pendulam from a governor to shift
thé link slide block and vary the point of cut
off, substantially as described.

19. In a compound engine, the combination
with & high pressure cylinder and a low press-
ure.cylinder placed elose together and having

- direct steam connecting passages leading

20

23

from the exhaust of the high pressure cylin-
der to the induction of the low pressure cyl-

inder, of induction and edunection valves lo-

cated between said cylinders, the valves at
the high pressure cylinder controlling the
lead of steam to the low pressure cylinder

-from the exhaust lead of the high pressure

cylinder and the valves at the low pressure
cylinder controlling the exhaust therefrom,

pistonslocated in said eylindersand balanced
in stroke one against the other, both in move-
ment and weight, valve gear and wrist plate
connections, and a governor controlled cut-
off, whereby the lead and compression of
steam are determined and a balancing of
steam pressure is obtained through and be-
tween the cylinders and connecting passages

-¥
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at beginning and end of eachstroke, substan--

tially as described. . .
20, The combination with thecylinders, bal-
anced pistons, cranks, rods, valves, valve gear
and-cut-off devices of a compound engine, of
a slide through which the point of cut-off is
controlled, a pendulum connected with and
adapted to shift said slide, a cam connected
with and actuating the pendulum, and means
for oscillating said cam from a governor to
control the movements of the pendnlum and
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slide and vary the point of cut-off, substan-

tially as described. ]

In testimony whereof I have hereunto set
my hand in presence of two subseribing wit-
nesses. o ' ' :

o JOSIAH DOW.
‘Witnesses:
I. ALTZ GATES,
CHARLES H. WEISS. -
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