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~ o all whom it MY COMETR:

' gines, of which the following is & speecifica-.

e

UNITED STATES

PaTeEnT OFFICE.

WORCESTER HADDOCK, OF CINCINNATI, OHIO, ASSIGNOR OF THREE-FIFTHS
y TO HERMAN E. BLAIR, OF SAME PLACE

ROTARY ENGINE.

SPECIFICATION forming part of Latters Patent No. 625,050, dated M=y 30, 1899,
Application fled Funs 1, 1808. Berial No, 682,293, (Homodel)

Be it known that I,-WORGESTER,H@DOQK, |
" & citizen of the United States, and-a resident’

of theweity of Cincinnatl, inthe county of Ham-

{lton and State of Ohic, haveinvented certain

newand usefal Imprévements in Rotary En-

tion, : . _ ,
The seversl features of my invehtion and

the various advantages resulting from their
use conjointly or otherwise will be apparent .

- #rom the following deseription and claims. -

135

.. In the accompanying drawings, making a
_ part of this specification, Figure i, Sheet 1,is
an elevation of the front of the engine and’
‘showing the cém. for operating the valve,B

and also showing mechanism forreversingthe

- yalve and thns reversing the engine. * Fig.

20

9, Sheet 2, represents an elevation of the rear

of the engine and the mechanism for operat-

- ing the valve E. ' Fig. 3, Sheet 3,is an eleva-

tion of & vertical central cross-section taken

- in the plane.of the dotted line 3 8 of Fig. 4,
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that face of the section being seen which faces

$oward the froni. Fig. 4, Sheet 4, shows a yer-

tical central section taken in'the planeof the
dotted line 4 4 of Fig. 1, that face of the sec-

‘tion being.seen which faces toward the right
in Fig.1. Fig. 5 is a view on ascale less than

that upon which Figs. 1 to 4 are made. Fig.
5 is a view of ‘& portion of the inner side of
that part of the engine which lies to the left
of the plane of the dotted line 5 5 of Fig. 4.

Fig. 6 is a view of the means for rendering

the valve or stoppie which. elastically closes
the exit for steam from the steam-cushion
more or less yielding, as desired. This figure
is on an enlarged scale.’ Fig. 7 is:a view in
perspective of the upper énd of the eam-rod
and of the latch combined therewith for hook-
ing (locking) togetlier the rocking device and
the cam-rod. = Fig. 8is a sectional vieweof the
abutment-valve on a scale somewhat larger
than that of Figs.1to4. 'Fig. 9, Sheet 5, rep-
resents a side elevation of the valve K. Fig.

‘10 is a detailed view of one of the sets of wrist,

eollar, and stud for enabling the adjacefit arm

of the rocking device to be securely fasténed

o the cam-rod. o
1 will noiw proceed to specify my invention
in detail. .

"inafter apparent.

1 will first describe the interior parts of my -

engine. In connection with the inlet steam-
pipe for delivering steam to the engine there

is (in the cylinder or casing of the engine) the

inlet-port A, preferably preceded by a cham-

ber A2, whose bottom parts, cofverge down--

55

ward to the port A. Next the port'A is the

recetving, cut-off, and reversing valve B, ro-,

tatable in its closely-fitting chamber B®in the
cylinder or casing of the engins.. This vaive
B is fixed on its rotatable shaft B®. This
valve is not moved moro than a short portion
of the arc of a revelution, as will be scon here-
This valve has two ports
passing through it—viz., RC and LC; - The
cylinder or easing below has two stationary
ports RD and LD, and.the ports of the valve

Barearranged substantially as shown, so that.

when the upper end of the inlet-port L.C con-

- neets with- the inlet-port A the lower end of
‘the port LC will be in conneetion with the up-.
per end of the port LD; and>when. the upper-

end of the inlet-port RC connects with the in-
let-port A the lower end of this port RC willbe
in connection with the upper end of the port
RD. Below the ports LD and RD is'the abut-

_ment receiving valve E, adapted to oscillate

-with and by its shaft E% In the working por-

tion of this abutment-valve K the upper part

60
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has a eonvexly-carved face E%, which -bears

against the concavely-curved face D? of the

cylinderor casing. The bottom portion of this

valve has a long recess 18, bounded at each
end by a wing Efof the valve. Each of these
wingsis preferably formed, as shown, between
flangds X at ends of the valve 4nd consists of a

8

downward portion ES and a horizontal portion .

'ES, the latter turning outward from the vertic
eal lins of the valve. The outerendsof each of

these wings are curved to accommodate them:

go

gelves to the adjacent curved snrface of the -

-valve-chamber U, wherein this valve works..

There are in this valve spaces E? E’, respec- -

tively located on opposite sides of the valve

95

E and arranged above their respective adja- -

cent valve-wings E, so as to aid in the con-
veyance of exhaust-steam to the exhaust..
Outlets G of the exhaust 4re duly shown, re-
spectively loeated on oppositesides of theen-

gine and.of the abatment:valve E. This

| valve is provided with. two_recelving-ports

414
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RH and LH, running through it from bottom
to top. This valve may be solid except at its
ports or be lightened by three chambers E,
cast or ptherwise formed therein. o
The engine has a cylinder L. - Within the

Jatter is a rotary piston J, having a piston-

abutment J%. The piston is concentric with
the cylinder except at the abutment J?. Be-
tween the cylinder and the piston is the steam-
space K. The piston-abutment is provided
with suitable packing. A preferred descrip-

tion of such packing and its mode of combi-.

nation with the cylinder is as follows: The
abutment J? has a recess J® in which lies a
metallic packing J4, fitted to reciprocate in
said recess. Thispacking J*isheld up against
the inner peripheral face of the eylinder—
viz., the outer surface of the steam-space K—

" by-a spring or springs J¥% located in a recess
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J¢ below the recess J%, but extending up into
‘the latter recess and pressing against the in-
ner edge of the packing J% A suitable ad-

justable stop or stops prevent the spring from

pushing the packing out beyond the point re-
quired for its impingement on the surface of
the eylinder. The ports RH and LH of the
abutment-valve I are arranged subst:atially
as shown, so that when the upper end of the

-port-LII is in connection with the lower end of

port RD the foot E® of the left-hand wing E*
rests upon the periphery of the rotary piston J

- -and the left-hand passage E’ of valve E is in
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connection: with. the. steam-space K around

" the piston J and within the cylinder L. and in

front of the piston-abutment J% and, on the
other hand, when the upper end of the port
RH isin connection with the lower end of the
port RD the foot Ef of the right-hand wing
E* rests upon the periphery of the rotary pis-

ton J and the right-hand passage-space E7 of .
. the valve E is in connection with-the steam-

space X and in rear of the piston-abutment
J2,  Adevice for movingor tripping the valve
E is present within: the eylinder L and at-
‘tached to the piston. It consistsof the in-
clines J7J7, located, respectively, on each side
of the piston-abutment J* and beginning at
the surface of -the piston J and leading up to
the outer or free end of the abutment J2
The number of pairs of these inclines J* may
be increased or diminished, as.needed. - .

In order to -prevent the valve E, after be-
ing thrown overand when moving toward its

- resting-point,from seating-hard on the periph-

ery of the piston, and thus wearing the parts
‘faster than-they would otherwise be worn, I
provide cushioning devices, and the preferred
-deseription thereof, also of my invention, is
as follows: I provide the valve E on each side
with a wing of flange K’ forming on each
side in connection with the valve-box a cham-
ber E, varying in size as the valve E moves.
At the upper end of the chamber E! on the

- left.hand is located an escape-opening for the

compressed steam when the pressure of the
latter -becomes too great. This escape is
through an opening F in the inner face of the

“ter between it and the valve.

cylinder-head L2, communicating with an
oblique passage F? of the latter, in turn con-
necting with the exhaust G, substantially as
indicated.. This passage F*.spreferably pres-
ent as a groove in the inner side of the cyl-
inder-heads, that is, valve-cover, which is
nexs to the opening F. The opening F is
closed by a valve F2, When the steam-pres-
sure. in .chamber EY becomes too great, it

"presses back the valve I and finds exif

through the passage F? into the exhaust. The
degree of pressure with which the valve F?
bears upon its valve-geat is duly regulated by

-means of a screw F?, screwed into the boss on

the cylinder-head and bearing against the in-
ner end of the screw and compressing the lat-
A stem J®is
fixed to the valve F3, There is a collar F"on
the valve F? and stem F® which collar pre-
vents the valve under pressure cf spring I,
from advanecirg in to the cushion-chamber of
valve E. This stem operates as a guide to
keep the valve F® in place and to retain the
spring in place on the valve-collar.
F* engages & screw-thread in the boss afore-
mentioned, and against this secrew the outer
end of this spring F* rests. Advancing the
screw toward and against the spring F* in-
creases the pressure of this spring upon the
valve FS.and requires greater pressure of the
compressed steam to open the valve F? for
enabling the steam to exhaust through pas-
sage F* and on into the exhaust-opening G
and for enabling the valve E to come more
gently to its seat.

It will be understood that a construction
similar to that of the parts ¥, F?, F3, F*, F%,
and F¢, already described, is present at the
other side of the eylinder and is there efli-
cient in providing, in combination with the
adjacent chamber EV of valve E, i cushion-
ing device to prevent the valve E from seat-
ing itself too hard when its right or & hand

-wing is being seated on the periphery of the

piston. |
Steam to act as a cushion in that chamber

E!, which must necessarily be the one to ease

the descent of the wing next to be seated, is
admitted to that chamber through a branch
port B4, leading from the adjacent receiving-
port LH or RH, as the case may be, to the ad-
jacent chamber EY.. It matters not, there-
fore, which wing of the valve is being seated
there is a cushioning device present which
prevents that wing from seating hard.

The description has now advanced suffi-
ciently far to describe in a connected manner
the mode in which these interior parts oper-
ate and coact. Such operation is as follows:
The valve B is first turned so as to causethe
engine to rotate in the desired direction.
Thus when the piston is to rotate in the di-

‘rection of the arrow Z the valve E takes the

position shown in Fig. 3. The valve B hav-
ing the position shown in this figure, steam

-coming in through the iulet-port A passes

through port LC, thence through port LD,
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and then through:port LI, and entering
steam-space K of cylinder L. courses to the
right and then down around the plston, and
the abutment J? pushes it forward in the di-
rection indicated by the arrow Z. It will be
understood that the steam acts between the
left-hand wing E° as an abutment, tempora-
rily stationary y, on the one hand and the

~ abutment J* on the piston. N

10 .

15

,perlphel y of the piston. .

When the piston'is approachmos the valve
E, the adjacent incline flanges J7, preceding

the piston-abutment, g1adually lifs the left-

hand wing E! of the ‘valve E, so that the
right- hand wing K¢ of the valve seatsupon the
Steam is now cut off
from the valve E and steam-space K, and the

right-hand space E7 is connected with steam-
space K, (behmd or to the left of the piston,)

" and the steam in the latter is exhausted there-
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from into the adjacent exhaust G. . The mo-
mentum of the piston carries its abutment J?
under the uplifted left-hand wing of the valve
E. The inecline J7 in front of the still rotat-
ing piston now lifts the right-hand wing of

the valve and returns the left hand {0 its first
position.

By this time the piston-abutment
is passing under the right-hand wing of the
valve and steam enters the steam-space K be-

tween the abutment of valve E and rlobt-,

hand piston-abutment and again presses. it
forward in the direction it is still moving,

The space K (in front of the piston- abutment)
is incommunication through the left-exhaust

" spacé E7 with the left exbaustG. Thusbya
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repetition of these movements the piston is
kept rotating as.long as \lpplled with steam.

No matter how qulckly the.valve E is moved
the air-cushions in chambers E¥* E® aforede-

seribed prevent its wings from seating hard

the periphery of the piston.
It will be observed that when valve E is

on a-hcrizontal center each wing thereof is at

an equal distance from the periphery or face

of the piston and there is an exhaust~opemng :

on each side of the valve. E, which leads al-
ternately from space K through exhaust-pas-
sages B to exhaust G, thusrelieving thespace
K of all undue-pressure.  While the valve E

is horizontal there is no pressire in’ ‘steam- -

space K on eitherside of the piston-abutment.
To cause the piston to move in a direetion
the opposite to that already mentioned, I re-
verse the position of the valve, so that it takes
steam through the port RC, thereby passing
steam through port RD and through the port

RH of the valve E. The piston will then ob-

viously be driven in a direction the opposite
to that in which it heretofore ran. The op-
erations will becondueted upon thesame prin-
ciple as herétofore specified, except that the

‘position of those parts which are reversible

" will be reversed.

bs

The aforedescribed mechanism will move
with great facility and ease.
ance of the parts is.such that the engine will
not only run with the mechanism ‘aforede-

‘The perfect bal-.

scribed, but can be reversed and opera,ted by .

means of the valve B only.

In order to easily reverse the valve B and.
make steam-port connections and enable it

to operate, I provide mechanism, also of my
invention, and apply the same to the e\{terlor
of the engine, preferably asshown in Sheet 1,
namely: M indicatesarocking deviceor lever
fixedtoashaft M2 Thelatter passesthrough
and is fixed tovalve B and at M®is journaled,
preferably, in the extensions on the cylmder-
heads, as shown in Fig. 4. To this shaft is
fixed the lever and valve B, by which the
valve is moved. .

‘The deviece M has arms RM and LM, each
provided with a handle RMHand LMH. The
rocking device may be operated by these han-
dles. Each arm has a wrist M¢, (shown by
solid lines in Fig. 10;) which termma,tes in an

annular flange M5, and beyond the la.tter isa.

gecond projection or stud MS, -

70
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A cam-rod N, with adjustable yoke N?, sur- -

rounding an eccentric N3, is fixed on the sha,ft.
P—rviz., the shaft of the rotary piston:-—-con:
centric with the latter and turned thereby.
Rotation of the piston-through the medium
of the eccentric N* thas 1mparts to the cam-
rod a reciprocatory movement in the direc-
tion of the length of the latter.  The cam-rod

9'.1"

95

is provided at its upper end with a handle N'¢ -

for moving it laterally from one end of the.
roeking device M to the other erd. It is fur-

ther provided on each side with a recess N*

(shown by dotted lines in Fig. 1 and solid

lines in Fig. 7) to-receive one of the wrists

M* of the rockmg deviece M.. The cam-rod is
provided with a suitable device for locking it
to either wrist of the lever or rocking dev1ce

A desirable device of this kind is shown and

is as follows: A latch-piece N7 is pivoted at’

N8 to the eam-rod N and has a handle N°.
The lower part of the lateh-piece N7 is pressed
toward the eam-rod handle forvpurposes now
to be mentioned by a spring, as N9, The
lower portion of the latch has two openings
N2 N each of a size capable of receiving
one of the studs M° of the wrists. Th y lower
portion of the latch has also another openmv
N, adapted to receivea stud N, fixed in the
cam-rod. Thé object of this last—mentxoned
construction is toenable thestud N to steady
the latch and obviate a twisting strain upon
the latter and to take part of the strain off of
the pivot or hinge N8,

As heretofore mentloned the 10ck1ng de-
vice can be worked by mea.ns of either or both
of its handles; but-it can also be operated to
reverse the valve B by means of the cam-rod

.N. TFor example, thetre isa downward exten-
sjon M’ of the rocking deviee provided at its

lower end with the slot M8, there being the
sweeps M® M?® on each side of ke slot M.

These sweeps are in curves described from

the proper centers, so as to allow the roller
on pin N to travel on the sweeps, while the

cam-rod and the rocking device are hooked
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together and in motion. This slot M® ie for
the reeeption of the pin X% of the cam-rod N.

By unlocking the cam-rod N from the wrist
to which it may be locked and moving the
ecam-rod back and forth, as desired, the valve
B is reversed. .

To enable the valva E to Ue reversed also
when the valve I3 is reversed, I provide the
device M with the studs M, and I affix to the
shaft E? of the valve E a rock-arm E®, whose
upper free end lies between these studs M,
Oscillation of the rocking device M or of the
rock-shaft N in reversing valve B also re-
verses valve E. The cam-rod N also per-
forms an additional function—viz., it oper-
ates as moved by the eccentric N* to make
the valve B cut off steam at a given and de-

- sired pericd in the revolution of the piston.
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‘As at present arranged the eccentrie, as

shown, operates to cause the valve I to re-
ceive steam and transmit it by valve E to the
steam-space K and later to cut off steam when
the piston has made about two-thirds of its

revolution from where it received steam.

Cams of different shapes or throw can be re-
spectively substituted for the eccentric N3
and so as to cause valve B to cut off steam at
any desired point of the revolation of the
piston. The engine can thus be caused to
work with more expansion of steam than that
first mentioned.

The exterior mechanism for moving the
abutment-valve E is substantially as follows:
On the driven or driving shaft P of the pis-
ton is fixedacam Q. Above the cam are two
rollers R and R. Each roller is pivoted to a
slide-piece S, sliding in its own guide T, fixed
tothe eylinder-head of the engine. Each of
the slides has a toothed rack S?% engaging

"toothed arms S%after the manner of seenons

of a pinion, and these arms are fixed on the
shaft E?of the valve E. The operating point
or nose Q? of the cam Q preferably coincides
in shape and position with the position of
the piston nose or abutment J? within the cyl-
inder. Thus the nose of the cam and the
piston-abutment lie in substantially same
plane, this plane being transverse to the
planes in which the. plston ismoving. Asthe
piston revolves in direction of the arrow the
cam Q lifts the right-hand roller R of Fig. 2,
which latter moves the free or idle side of
right-hand arin S® upward and turns the shaft
E? thus lifting that side or wing of the valve
E ‘hich (in Fig. 3) is on the left-hand and
depressing the 1 right-hand wing thereof and
also depressing the roller R, which is on the
left hand in Fig. 2. The valve remains thus
while the piston-abutment is passing under
the left wing and center of the valve E, and
then the nose Q? of the cam raises the left-
hand roller R of Fig. 2 and the right-hand
wing of thevalve E of Fig. 3 and correspond-
mfﬂ) depresses the left- hand wing of valveE
of Fig. 3 and the right-hand rollex of Fig. 2,
thus al]nwmfr the plston -abutment to pass
altogether from under the vilve E and seat-

ing the left-hand wing on the piston, so a to
form steam-abutment back of the piston-at:at-
ment.

70

The action of the valve and of the func--

tions it performs being the same as thoge
already described in the aforespecified opera-
tion of the interior flanges or inclines J7 J7,
adjacent to the piston-abutment, further de-
scription thereof here is deemed unnecessary.

The objectand function of the outside cam
Q are to relieve wear on inclines J7 and pre-
vent through wear of these inclines J* the
abutment J* from coming at any time in con-
tact with valve E and also preventing any
irregular wear on valve E except that which
is caused by the piston while in contact with
the latter as the piston revolves.

When the valves are reversed, the action
of the cam Qisin principle the same, although
its movementis reversed, and causesthe valve
E to act in causing the steam to propel the
piston in the opposite direction.

The valve E is so formed that while it is
upon its horizontal center it balances without
tendency to turn down toward either side;
but as soon as it has been seated on one side
or the other the pressure of steam contributes
to retain it in that position until it is foreibly
moved, either by human agency or the valve-
reversing mechanism of the gngine.

The reasons for the facts just stated are as
follows: When the valve is placed . horizon-
tally, any pressure of steam in the cylinder
is communicated to the entire bottom face of
the valve. When the valve is thrown to the
left and occupies the position shown in Fig.
3, the steam cannot press against the bottom
of the portion or foot E® of the left wing of
the valve, because it is in contact with the
face-of the piston; butitcan presson themid
portion of the bottom—viz.,that portion which
lies between the left and right wings—and as
the larger part of this middle portion E?is
now to the right of a vertical plane or center
passing through the axial center of the valve,
a8 indicated by the dotted line Y Y, the ex-
tra pressure of steam contributes to keep the
right-hand wing of the valve uplifted. Fur-
thermore, the uphft:ed bottom or face ES of
the right-hand wing is subject to the pressure
of steam, while the steam cannot reach the
bottomn of the left-hand wing now resting on
the face or periphery of -the piston. There-
fore the steam contributes pressure against
the bottom of the right-hand wing, also to
keep the same uphfted Thus. that amount
of area (in inches) of surface of the valve
which is on the right-hand side of the verti-
cal axial plane of the valve in excess of that
which is on the left-hand side of said vertical
plane multiplied by the pressure of the steam
per square inch will be the force which the
steam in the cylinder exerts to keep the valve
in the position named and by the aid of that
wing which is seated on the face of the pis-
ton cause a steam-abutment to be presc¢ntin
space K. Whenthe position of the valve has
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been revefsed, the pressura of the steam ad-
mitted to the space K will in like manner and

with like force operate to keep the left-hand -

wing of the valve uplifted.

. In Fig. 8 T have shown a diagramin con-
nection with valve E which quite clearly
illustrates the aforedescribed changes in the
comparative -amount of surface exposed to

Steam-pressure on opposite sides of the valve .

when the latter is raised or lowered on one
gide or the other of its central position as
compared with the ameuntof surface exposed
on each side when the valve is on its center.
In thi$ Fig. 8 the position of the valve when

lowered on the right and seated on the sur-.

face of the
lines.
dicate the differences in area aforementioned.
This illustration of the differences in area

piston is duly indicated by dotted

when the valve is seated on its right wing ob- |

tains in like manner (but on the opposite side
of the valve) when the valve is seated on its
left wing. . : A

As before remarked in relation to the cut-
ting off .of steam from the steam-spacé K by
and valve E
or by the outer eccentric N® and valve ‘B, the
steam is cut off after the piston has accom-
plished two-thirds of  its revolution thereof.
During one-half of this one-third—viz., one-
sixth—of a revolution of the piston the steam

hasopportunity to act by expansion, and then-

during the remaining one-sixth of the revola-
tion exhausting the steam is from one or both
sides of the valve E, and the momentum of the
revolving portions of the piston carries the
piston-abutment past the valve Eand chan ges
the latter, so that it forms an abutment and
admits steam. behind the piston - abutment
and again impels the piston forward.

The piston by its inclines J7 and withiout:

any of the exterior mechanism for operating
the valve E will operate this valve E in the
same manner as does the exterior mechanism
when present. In such case no expansion of
the steam in space K will be employed to op-
erate the piston, it being understood that the
ports which convey steam to valve E will in
such case remain open. This latter opera-
tion can be accomplished as follows:- The

cam-rod N is disconnected from the lever or-

rocking device, so that it (the cam-rod) shall
not work the lever or rocking device.
valve B is then set to take steam all of the
time. The valve E will 'be operated as be-
fore mentioned and without the valve B act-
ing as a cut-off. Thus the cylinder-space K
will take steam for five-sixths of the revolu-
tion of the piston, at which time the valve E
will be moved and cuts off the steam, and ex-
haustion of thelive steam in the steam-space
X will take place. : oo

By approximating the seating-surfaces K¢
of the valve E the amount of momentum nee-
essary to carry the piston past the valve E
will be correspondingly diminished and the

live steam act on the piston-abutment for a

So, also, dotted lines are present toin- .

The

longer time, and in case expansion of steam

is employed the distance. which the piston
travels by expansion may be increased by the
valve cutting the steam’ at the regular time.
It will be understood that I expect to apply

- two or more of such valves, as B and E, with

their necessary accompaniments, to an en-
gine, as I find desirable. ’

It will be understood that a packing 18 pres-
ent between the inner sides of the eylinder-
heads and the eylinder. - A suitable packing
V is shown in solid lines in Fig. 4and in dot-

~ted lines in Fig. 3. The packing is pressed
against the inner face of the cylinder-heads

by spiral springs V2  (Shown in dotted lines
ir¥Fig. 4.) A drain-pipe W, closed by & suit-
able cock’ W2, can be operated 8o as to dis-
charge froni the eylinder the-water resulting
from condensed steam.

What I claim as newand of my invention,
and desire to secure by Letiers Patent, is—

1. In a rotary engine, having a rotary pis-
ton, and_ piston-abutment, and a valve E
adapted to osecillats, and having ports LH and
RH, and wings E4 B, on its lower side, near
the outer edges of the valve, a space K being
present below the middle of the valve and be.
tween the wings, each wing having a portion
whose bottom is a seat for closely impinging
at the proper oceasion ¢n' the rotary piston,
and the side of the wing’ being-adapted to be
received and fit closely against the adjacent
wall of the valve-chamber, the said ports LIT
and RH having their outlets between the
abutments E°, E° of the wings B¢, E*and ports
LD and RD, for respectively inletting steam
to the ports LI and RH of the valve, accord-
ing as the valve is turned, substantially as
and for the purposes specified.
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2. In a rotary engine, having a rotary pis- -

ton, and piston-abutment, and a valve E
adapted to oscillate,
RH, and wings E% E*, on its lower side, near
the outer edges of the valve, a space K being
present below the middle of the valve and be-
tween the wings, each wing ‘having a portion
whose bottom is a seat for closely impinging
at the proper occasion, on the face ef the ro.
tary piston, and the side of the wing béing
adapted to be received and fit closely againsi
the adjacent wall of the valve-chamber, and
ports LD and RD, for respectively inlettin T
steam to the ports L.LH and RH of the valve,
according as the valve is turned, a space E°

-above face-line of each wing R+ being con-

unected to the exhaust, and arranged as de-
scribed, so that when a given wing of the valve
is seated on the piston, the space E7 on that

and having ports LH and -

I1Q
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side of the valve connects the steam-space K

with the exhgust, and when the valve is bal-
anced, both spaces E7 connect with the steam-
space and with the exhaust, substantially as
and for the purposes specified. .

3. In a rotary engine, having a rotary pis-
ton, and piston-abutment, and a vaive E
adapted to oscillate, and having poris T Hand
RH, and wings E¢, E4, on its lower side, near

130
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the onter edges of the valve, a space K being
present below the middle of the valve and be-
tween the wings, each wing having a portion
whose bottom is a seat for closely impinging
at the proper occasion, on the rotary piston,
and the edge or seating-face of the wing be-
ing adapted to be received and fit closely
against the adjacent wallof the valve-cham-
ber, and ports LD and RD, for respectively
inletting steam tp the ports LH and RH of the
valve, according as the valve is turned, and
spaces or compartments ‘E°, formed by the
parts E? of the valve, and the cushioning-
chamberof varying size as the valveis moved,
and a passage F closed by a spring-valve F*
and connected through a succeéding passage
F? with the exhaust, substantially as and for
the purposes specified.

4, In a rotary engine, having a rotary pis-
ton, and piston-abutment, and a valve E
adapted to oscillate, and having ports LH and
RH, and wings E*, E4, on its lower side, near
the outer edges of the valve, a space K being
present below the middleof the valve and be-
tween the wings, each wing having a portion
whose bottom is a seat for closely impinging

-at the proper oceasion, on therotary piston,
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and the side of the wing being adapted to be
received and fit closely against the adjacent
wall of the valve-chamber, and ports LD and

RD, for respectively inletting steam to the-

ports LH and RH of the valve, according as
the valve is turned, a space E”above each
wing E* being connected to the exhaust, and
arranged as described, so that when a given
wing of the valve is seated on the piston, the
space E7 on that side of the valve connects
the steam-space K with the exhaust,and when
the valve is balanced, both spaces E? connect
with the,steam-space and with the exhaust,
and spaces or compartments E® formed by the
parts .E? of the valve and the valve-cushion-
ing chamber, of varying size as the valve is
moved, and a passage F, closed by a spring-
valve I3, and connected through a succeed-
ing passage with the exhaust, substantially
as and for the purposes specified.

5. Inarotary engine,having arotary piston,
and piston-abutment, and a valve E adapted
to oscillate, and having ports LH and RH,
and wings E¢, E*, on its lower side, near the
outer edges of the valve, a space K being

present below the middle of the'valve and be--

tween the wings, each wing having a portion
whose bottom is a seat for closely impinging
at the proper occasion, on the rotary piston,
and the side of the wing being adapted to be
received and fit closely against thé adjacent
wall of the valve-chamber, and ports LD and
RD, for respectively inletting steam to the
ports LH and RH of the valve, according as
the valve is turned, a space E7 above each
wing E* being connected to the exhaust, and
arranged as described, so that when a given
wing of the valve is seated on the piston, the
space E7 on that side of the valve connects

the steam-space K with the exhaust, and when

the valve is balanced, both spaces E’ connect
with the steam-space and with the exhaust,
and spaces or compartments E! formed by
the parts E*of the valve, and the valve-cham-
ber, and of varying size as the valve is moved,

| and a passage F closed by a spring-valve P,

and connected to a passage formedin the face
of the adjacent cylinder and walled in by the
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solid end of the valve, and continned across

the engine and into the exhaust-orifice at the
opposite side of the engine from where the
said air-cushion apartment is located, sub-
stantially as and for the purposes specified.

6. In a rotary engine, an oscillating abut-
ment-valve E having wings for impingement
on the rotary piston, and a -space between
said wings and below the middle of said valve,
and the piston-abutment having the inclines
J7 respectively on the front and rear side for
operating the valve, and inlet-ports, and ex-
haust-ports of the valve located on the outer
sides of the wings, substantially as and for
the purposes specified.

7. In a rotary engine, an oscillating abut-
ment-valve E having wings for impingement
on the rotary piston,.and a space between said
wings and below the middle of said valve, and
the exterior cam rotated with the piston, and

the slidable arms adapted to be both operated.
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successively, or alternately, by the cam at

each revolution of the latter, and provided
with projections engaging oscillating arms
connected to the stem or shaft of the valve,
substantially asand for the purposesspecified.

8. In a rotary engine having an oscillatory
valve for conveying steam to the principal
valve, and for changing the direction of the
steam, and for cutting off steam, and having
the two ports, an oscillating or rocking de-
vice having the arms RM and LM, having
handles, substantially as and for the puf-
poses specified.

9. In a rotary engine having an oscillatory
valve, for cutting off steam, and for changing
the direction of the latter, an oscillating rock-
ing device having arms RM and LM, each
provided with a projection M*, and a minor
projection M® therefrom, and a cam-rod pro-
vided with the recesses N* and the latch-
lever piveted to the cam-rod, and having the
openings for engaging respectively the pro-
jections M of the rocking device, as present-
ed, and while the projection M*is in its ad-
jacent recess N*, the latch-lever being caused
to lock thus, by elastic means, substantially
as and for the purposes specified.

% 10. Inarotaryenginehaving an oscillatory

-valve, for cutting off steam, and for changing

the direction of the latter, an oscillating rock-
ing device having arms RM and LM, each
provided with a. projection M, and & minor
projection M? therefrom, and a cam-rod pro-
vided with the recesses N*, and the latch-le-
ver pivoted to the cam-rod, and having the
openings for engaging respectively the pro-
jections Mé of the rocking device, as present~
od, and while the projection M*is in ity ad-
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- jacent recess N4 the latch-lever being caused__
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to lock thus, by elaahc means, there being a
disk or gnnular flange M® between the pro-

jections M* and ‘M, which flange is adapted’
to keep the eam-rod from llftmg directly for-
ward and off from connéaction with projection |
M4, while the labch-levgr also prevents the
_projection M* from moving sidewise out of
. the recess, substantially as and for the. pur-'

poses qpeclﬁed

‘11, Ina rotary enginehaving an. osclllatory 1
.valve, forcutting off steam,and for changing {-
the direction of the latter, an oscillating rock-.

ing device having arms -RM and LM, each

prov1ded with a prO]ectlon M¢, and a minor
.projection M® therefroin, and & cam-rod pro-.
vided with the recesses N‘ and the latch-le-
ver pivoted to the cam- rod and having the .

openings for engaging resnectlvely the pro-

Jacent recess N¥ the latch-lever being caused

_to lock thus, by Mmaans, and the rock: |
ing device provided: withextension M®, hav- |
ing studs M, and the valve-rocking s arm, piv-.

oted on shaft and adapted to.engage th

purposes specitied. . :
12. Inarotaryengine na.vmv an oscxllabory

valve, for cutting off steam, and for changing-
the direction of the latter, an oscillating rock-
ing device having arms RM and LM, each
prmnded with a projection M?, and & mmori

projection M8 therefrom, and a ¢am-rod pro-
vided with the recesses N*, and the latch-le-

ver plvoted to the, eam-rod and having the"
openings for engaging °respect1vely the pro--
1ect10ns MS of the rocking device, as present-{ .-

ed -and while the projection M* s in its ad- 40

: Jacent recess' N¥ the latch-lever being eansed -

to lock thus, by ¢ ‘elastic means, and the rock-
ing device provided with extension M¢, hav- -
ing studs M, and with a noteh_in'its Tower

‘endand sweeps, thecam-rod having pinadapt- 45

ed’to engagoin said notch, as the cam-rod 0s-

cillates, and the rocking arm of valve E,
adapted to engage the studs MY, aceording to

‘theé positién: of the rocking. devme, substan-

tially as aud for the _purposes specified..

13. Inarofaryengine, havingan oscllla.tory
valve for conveying steam to the -principal .
‘valve, and for changing. the direction of the
steam, and for cutting off steam, and having -
the two ports, an oscillating ‘or-rocking de- 5§

50

| vice having the arms RM and LM; provided-
-with handles, for operating the: ﬁrst-named
: valve, ‘eccentric N and the push-rod engag-
jections M° of' the rocking device; as: present- |
ed, and while the projection M*is'in its ad-:

ing therocking device, and the exterior mech-
anism for operating the. abutment-valve E,

.viz: rollers R, R, slide-pieces.S carrying ‘the
rollers, guldes T, T, and toothed racks on the.

60

-glide-pieces, toothed arms fixed on shaft E2? of
‘the abutment-valve E, and the eam Q, Q3, sub-
8 tantumytas and for: the purposes speclﬂed 65
stads "M¥; accordmg ‘to the position of .the}
rocking devwe, substantlally as and for fhe~

4. Ina’ rotary engine, the rotary piston, -
ubutment-valve, ‘exterior mechanism for op-

.} erating this valve, ‘viz: ecam Q, Q% slide-
..'plecBSS provided- mth dev1ce for receiving
the. 1m}}}ngement of the nose of ‘the-cam, 70 -

guides T, and toothed racks on the slide-
pieces, toothed arms engaging said racks, and
fixed on shaft E? of the abutment-valve, sak-
stantlally as and for the purposes specified.

- “WORCESTER HADDOCK

Attest :
Wu. E. JonEs,
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