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UNITED STATES

PATENT OFFICE.

JOHN HARRINGTON, OF CALDWELL, KANSAS.

ROTARY ENGINE.

SPECIFICATION forming part of Letters Patent No. 332,253, dated December 15, 1885,
Application filed March 18, 1885, Serial No. 159.317. (No model.)

To all whom it may concermn: =~

Be it known that I, JOEN HARRINGTON, of
Caldwell, in the county of Sumner and State
of Kansas, have invented certain new and use-
ful Improvements in Rotary Engines; and I
do hereby declare the following to be a full,
clear, and exact description of the same, ref-
erence being had to the accompanying draw-
ings, forming a part of this specification, and
to the figures and letters marked thereon.

“Iotary engines,’’ so called, may be divided
Into two general classes—namely, first, those
In which the pistons, abutments, valves, and,
1n fact, all the moving parts, are given rotary
motion, and which may be termed true ‘‘rotary
engines;’’ and, secondly, thosein which the pis-
ton alone or the piston and some one or more,
but not all, of the valves or other moving parts
are rotated, and which may be termed, with
more propriety, ‘‘mixed enginés.’”” To the
latter class my engine particularly relates. I
have entered upon its construction after a
somewhai careful examination of the state of
the art, and with the belief that, profiting by

the failures of others, through a close exami-.

nation of the causes thereof, I could produce
a machine measurably free from the defects
developed in prior structures.

In order that others skilled in the art may
be able to fully understand the construction

and operation of my engine, I will first de-

scribe it with reference to the accompanying
drawings, and will then in the clauses of claim

ab the end of this specification endeavor to
point out what I deem to be its essentially.

novel features. |

Insaid drawings, Figurel represents a per-
speetiveview of myengine; Fig. 2, atransverse
vertical section of the same, taken onthelinez
¢ of Fig. 4. Tig. 3 is a longitudinal vertical
sectlon taken on the line z 2, Fig, 2. Fig. 4
is a horizontal section taken on the line 1 1 of
IFig 2. Fig. b is longitudinal vertical section
taken on the line y y of Fig. 2. Tig. 6 is a
view of the sliding abutment detached, Fig.

7 1s a detail view of a portion of a modified.
“form of abutment, in which the parts which

bear upon the eccentric piston are rendered
self-adjusting. Fig. 8 is a view of the gnv,f-
ernor-valve for controlling the admission of
Steam to the eccentric piston. Fig. 9is aview
of the rotary cut-off valve. Fig. 10 is a sec-

U
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tional view of a portion of the inner cylinder
or casing and the governor and cut-off valves.

Figs. 11 and 12 illustrate a mode of packing 55

the eccentric piston. Fig. 13 is a detached
view of one of the valves which controls the

inlet exhaust-ports of the engine. Fig. 14 is
a view of a portion of the casing of the engine,

designed to show the inereased inclination of 6o

one of the inner steam-ports through the same,

leading from the cut-off valve to the chamber
in which the piston works. Tig. 15 is a simi-
lar view, showing one of the outer steam-
ports. Figs. 16 and 17 are views illustrating
the opposite inclination of the ports through
which the steam alternately passes to the
chamber containing the piston when the en-
gine is worked direet and reverse. T'ig, 18 is
a view 1llustrating the means for centering the
shaft and inner case. Fig. 19 is a perspec-
five view of the means for shifting one of the
valves that control the exhaust; Itigs. 20 and
21, diagrams illustrative of the balancing of
the pistons, | o

Similar letters in the several figures indicate
like parts. o ~
- Therearetwo casingstomy engine—aninner
casing, A, and an outer casing, B. Both these
casings are stationary, and between them, and

| almost entirely surrounding the inner casing,

is a space, C, into which the steam employed
to run the engine is admitted through an inlet-

port, D, as shown in IFig. 3, being thence con-

70
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ducted through certain passages in the wallsof 8 5

the inner casing, controlled by suitable valves,
to the chambers It B I/, in which the rotary
pistonsare located,and being exhausted thence
in a manner to be further on explained.
pistons are preferably three in number, and
comprise alarge middle one, F, and two sinall-
er ones, I I¥, arranged on opposite sides of it,
as shown clearly in Figs. 3, 4,5, Xach of them
is of eccentric form, as shown in Fig. 2, and
1ts sides are fitted as accurately as possible to
the sides of its circular chamber, while its pe-
riphery is adapted at one pointtoslide in con-
tact with the inner circumference of its said
chamber, as shown at G in said last-mentioned
figure. By preference, I form the large middle

 piston, ¥, with a long hub, H, that extends

from end to end of the inner casing, A, and
upon this extended hub I monnt and rigidly

I secure the two smaller pistons ' I, The hub

The
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term ‘“‘mechanical balance?’-

]

i
1

|

of the l?hlliddle.]ngtOIl is in turn mounted upon |

and keyed or otherwise fastened to the main
driving-shaft I of the engine. The two end

pistons, F' ¥', are set oppositely to the middle
piston, I, and though all three of the pistons

are of the same dlametel the width of the mid-
dle one equals the united width of both the
other ones. By this construetion and arr ange-
ment the pistons and shaft are put in what I
—that 18 to say,

a state of equilibrium, whether at rest or in
motion.

The broad idea of applying several rotaly-

eccentric pistons to a common shaft is not new
with me; but never before, to my knowledge,
has there been obsery ed that relation of size,

- weight, and location of pistons found in my
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engine, which alone renders the accurate me-

chanical balancing of the parts possible. OthI .'

ers, for instance, have piaced two eceentric Pis-
tons of equal wei ght and diameter OppC}Slte] y ab

different points ona common shaft; butinsuch

an arrangement the centrifugal force resulting
from 10tat10n causes the two pistons to tend
to fly off tangentially in opposite directions,

and to cause a gyration of the shaft on a cen-
ter midway between such two pistons, the re-
sult being a deflection of the shaft and in-

creased friction at and undue wearing of its
bearings. This may be illustrated by the dia-
gram Flg 20, wherein 5 represents the shaft,

6 6 the two eccentric pistons of equal Welght

and 7 7 the bearings of the shait, and 8 the
center between the pistons upon whmh there is
a disposition of the shaft to gyrate when in ro-
tation. The arrows marked4 14 represent the

direetion in which the pistons wounld tend to

travel under the influence of centrifugal force.
This deflection of the shaft in my construction
is entirely obviated for the tendehey of the
middle portion to carry the shaft in'one (11-
rection is resisted by the tendency of the two
smaller pistons cxerting together equal force
on opposite sides of. it to carry the shaft in

the opposite direction, the result being the

establishment of a perfect equilibrium and
the even and regular running of the shaft in
its .bearings, no more friction being imposed
upon the bearings than is duae to the weight
of the parts. The diagram Fig. 21 illustrates
this, 9 being the shalit, 10 10 its bearings, 11

the la,rﬂe niiddle plston and 12 12 the small-

55

er plston The arrows marked 13 13 13 show
the direction in which the centrifugal force of
the several pistons would tend to carry said
pistons. It will be observed that all the ar-
rows travel in parallel lines.

Inorder that the temperature of the pistons
may be. kept as nearly as possible uniform
throughout, and that there may be an equal

“expansion of the parts, I preferably form an
anuular chamber, J, in each of them and con-
-nect them by channels K to lo
nels L in the hub H, that co:
the steam-space between the Inner and outer.
~ ¢asings.

1tuﬁmal chan-
nunlcate with

T LR A AL A Mty L N L e, - A P L
.

|
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eccentric pistons work is

both the outer and inner casings and bears

against the face of the piston, as shown in
I‘1g 2. Opposite each of these abuments and

bearing upon a corresponding portion of the

~periphery of the piston is a sliding false abut-

ment, N, which is connected to the sliding
abutment by means of frames O, and throutrh

rods P, as shown in Figs. 1 and 2 From thls' |
| constructlon it will be seen that as the eccen- -

tric piston rotates, the abutment will be
moved p051t1ve1y in bobh directions—outward

‘by the direct action of the piston,and inward

indirectly,though with equal positiveness, by

means of the arms, rods, and false abutment

N. The inner end of the abutment is prefer-
ably provided with suitable packing—such,
for instance, as shown at Q in Fig. 2—for the
purpose of preserving at all times 21 ’rlght

son, and where found desirable the false abut-

_ment N is rendered adjustable, so as to com-

pensate for wear.
- Opening’
the sliding abutment are two steam-induction
ports, IR R and two eduction or exhaust ports,

L |
Frr

each piston- chamber above

provided with a,_-.r-'
sliding abubmeuu M, which passes through

70

8o

5

,]omb between it and the periphery of the pis-

Q0

R' R, one induction and one exhaust port be- g5

ing armnﬂ'ed in each side wall of the casing,
0ppo<zlbely Two pairs of similarly-arranged

induction and exhaust ports, S §’, open into

said plston chamber below the abutmenb

In engines of this class as heretofore eon
structed sliding abutments have been ar-

ranged to slide in fixed guides to and from

the piston, or else have been arranged within

100

the piston so as to rotate with it and slide in

and out toward the inner circamference of the

piston-chamber; but in both such arrange-

105

ments the projected portion of the abutment

upon which the pressure of the steam is ex-
erted has been unsupported,and the result has
been that the steam, acting with leverage upon
such extended p01t10n hab caused more or

| Tess binding of the 'Lbubment in 1ts bearings.

In my enginel have avoided this dlﬂlculty by
letting the lateral edges of each abutment into
gmdmﬂ' -granves in the walls of. the casing, as

shown at U U in Fig. 4. More than this, T

have extended the lateral edges vV YV of the

| abutment even beyond that portion upon

whlch the steam-pressure is applied, as seen
in Fig.

6, and in this way I support the abut+
ment bhrourrhout its entire length, rendering

ITO

11-5."

I12C

it impossible for the steam to act with lever-

age upon it, 8o a8 to cause it to bind in its

bearings.
To provide aga.mst leakage of steam at the

corners of the pistons—a somewhat difficult

place to pack—I may in some instances face

the end of the abutment with a spring-seated

block or fac
@nd provide
.f butment wib

, @8 shown in Fig, 7,

Each of the chambers in Whlch the. 1otary I ﬁuctloq tight joints are malntmned

-plece, W |
%e extended portions V'V of the
other similar spring - seated
face-picces, X, 'overlapping the face-piece W
as: also shown in said Fig. 7. By this con-

125

130
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Jtisessential, of course, that not only should |

the joints between the ecceutri¢ pistons 'aﬂhﬁl
their sliding abutments be kept tight, but alsi

that close joints be preserved between said

5 pistons and the inner peripheries of the cham-

bers at the point of contact. Ihave therefore
formed a transverserecess, X/, inthe periphery
of each eccenfric piston, and have filled the
same with a suitable packing material, Y, as
shown in Fig. 2. I have furthermore letinto
the opposite faces of each piston, near its pe-
riphery, a split ring, Z, having offsets or
tongues 7', which project into the ends of the
packing, as shown clearly in Figs. 11 and 12,
and hold it firmly in position.

Mounted upon the extended hub H, and
keyed rigidly to the same, 80 as to rotate
therewith, are a series of cut-off valves, A,
which operate within the inner casing, A, of

the engine to cut off and admit the steam sup-

plied to the piston - chambers through the
steam-induction ports R and 8. As there are
four induction-ports opening into each piston-
chamber—that is to say, two, one on each side
above the sliding abutment, and two simileﬁﬁﬁﬁr
located below the abutment—it follows that
for each piston-chamber there are two rotary
cut-off valves, one on each side thereof, This
18 clearly shown in Figs. 3, 4, b. )

One of the cut-off valves A’ is represented
detached in Fig. 9, and in dotted lines in Fig.

2. As will be seen from these figures, it is

- provided with two curved ports, B’ ', the

33
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60

former being the outer and longer one and the
latter the inner and shorter one. The port
', when the valve is rotated, travels over the
outer steam-induction port, R, that opens into
the piston - chamber above the sliding abut-
ment, as shown in Fig. 2, while the inner port,
C', travels over the inner induction-pors, S,
below the abutment. Around the edges of
each of the ports B’ ', on both sides of the
valve, is arranged a suitable metallic pack-
ing, D’. ) )

Besides the rotary cuf-oit valves just de-
scribed, each of the piston-chambers is further
provided with a reciprocating slide-valve, B
(See Figs. 2and 13.) This valve hasan “}9&-‘913*1
exhaust - port, I, and a lower exhaust - port,
G’y and upperand lower steam-induction ports,
H' I, as shown in Fig. 13. When it occupies
the positionshown in Fig. 2, it closes the upper
exhaust-ports, R’, of the piston-chamber and
opens the lower exhaust- ports, S, thereof,
while it opens the upper steam - induction
ports, I3, and closes thelower steam-induaction
ports, S.- The reverse operation of this takes
place when the valve is shifted to its limit in
the opposite direction.

Provision is made for shifting all the reeip-
rocating slide-valves of the engine simultane-
ously Into the desired position by manipulat-
ing a handle, G* secured to a crank-shaft, H?
that operates laterally-sliding inclined shift-
ing-bars I, constructed to co-operate with and
act positively upon the lower portion of the
slide-valves, as shown in Fig. 2. The steam-

* i

:

| : : .
space between the inner and outer casings is

ridged at thi exhaust - ports of the piston-
chambers by means of packing-rings J’, inter-
posed between said casings and forming a
continnation of the exhaust-ports, as seen in
Fig. 2.
From the foregoing deseription of the valves

70

it will be evident that when the reciprocating i

slide-vaive 18 adjusted to the position shown
in Jig. 2, for instance, steam will pass from
the steam-space between the two casings into
the passages in the inner casing,controlled by

the rotary cut-off valves, and will be alter.-

nately admitted to and cut off from the piston-
chambers by the operation of said cut-off
valves in @ manner that will be readily un-
derstood—that is to say, the piston-chambers
will take stcam while the clongated ports B’
In the valves are passing their respective
ports in the casing, and steam will be cut off
therefrom during the remainder of the revo-
lution of said valves. By this construction

.of valves a full port of steam under nearly

Ijoiler-_pregsure is admitted directly into ‘the

pistou-chambers on each side thereof, thus
fully utilizing the initial pressure and reduc-

ing the amount of clearance to the minimum.
1f, now, the reciprocating slide-valves be shift-
ed to their fullest extent in the opposite di-
rection,so asto close theinduction-ports above

the sliding abutments and open those below’
the abutments, and at the same time open the -

exhaust-ports above and close the exhaust-
ports below, the inner ports, C', of the rotary
cut-off valves will become operative and will
deliver or cuat off steam to or from the piston-
chambers below the sliding abutments there-
of, thereby causing a reversal of the engine.

Of course, it will be understood that the
steam, when admitted to.the piston-chambers,
will operate first by direct pressure, and after-
ward, when cut off, expansively upon the

projecting parts of the eccentric pistons, and

cause the latter and the shaft to which they
are attached to rapidly revolve in one direc-
tion or the other, according as the steam is
admitted, above or below the sliding abut-
meuts.

Thearrangement of valves thus far deseribed
will be found to suffice for ordinary engines:
but, by preference, I also employ in addition
aset of “‘ecoverning-valves,”” so called from the
fact that they are designed to co-operate with
the rotary cut-off valves in a manuer to effeet
the almost instantaneous cutting off of the
steam atb any desired point, according to the
load or desired speed of the engine. These
governing-valves are represented in section in
Kigs. 3, 4, 5, and arelettered K’. A side view
of oneofthemisalsoshown in Fig. 8. Theyarve
all mounted so as to turn freely upon the hub
H in close proximity to the rotary cut-off
valves, and each one hasconnected to it a rod,
I/, which passes out through both Casings
and is conuected to a bar or shaft, M’, com-
mon toail.  The bar M’ inturn passesthrough

30

35

95

100

105

110

115

125

slots 1n the upper portions of vertical bars N’
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N’, mounted upon a rock-shaft, O’, to which a
hand lock-lever, I, is also secured. By the
operation of this hand-lever the position of
all the governing-valves can be shitted as de- l

5 sired and locked in their adjusted positions.
Kach of the governing-valves has two ports,
Q" U’, located at different points and at difier-
ent distances from the center, asshown in Fig.
8, the outer port, ', being arranged so as to

. 1o co-operate with the outer port, B, of the cor-
- responding rotary cut-off valve, and theinner

port, U’, with the inner port, ¢, of said cuf-

“if valve. | | -

The manner in which the governing-valves

- 15 co-operate with the rotary cut-off valves will

be readily understood if the attention is di-
rected to Ifig. 9, wherein a side view of one of
the cut-off valves is shown in full lines, the
steam-inlet ports of the adjacent piston-cham-
20 ber by the cross-lined spaces lettered R S, and
the ports of the governing-valve by the spaces
inclosed by dotted lines and lettered @ and
U’, respectively. Assuming the rotary cut-off
~valve and the shaft and piston with which it

.5 co-operates to be rotating in the direction in-

- dicated by the arrow in said Fig. 9, and that
by reason of the position of the reciproecating
slide-valvetheinletof steam totheinner steam-
induction passage oppositethe portS is cut off,

» 1f the governing-valve is shifted till its outer
port, Q, (see Ifig. 8,) comes opposite the steam-
induction port Rof the inner casing, steam will
be admitted into the piston-chamber through
said port ', (which, when once adjusted, re-

35 mainsstationary,) and through the outer port,

R, of the cut-off valve while the entire length
of the said cut-off-valve portis passing by fthe
said two other ports, the result beéing the giv-
ing of a full port of steam, the same as though

40 the governing-valve were dispensed with and

~ the rotary cut-off valve alone e;’iiljléyecl‘; but.

where 1t 1s desired to give only a half-port of
steam, for instance, the governing-valve is
shifted till 1ts port () stands ata distance from

45 the corresponding port, R, of the casing, equal

to half the length of the port or slot B in the
cut-off valve, as shown by the dotted lines @
in said Fig. 9, this movement shortening up
the portof the cut-valve and causing thesteam
50 to be cut off just twice as quickly as when the
position of the governing-valve was at that
first described. From this it will be secen that;
by adjusting the positionsof all the governing-
valvesof theengineall the rotary cut-off valves

55 may be caused to cut off steam at any given

point, according to the load or speed of engine
required. -

-On the reversal of the engine, and @ conge-
quent closure of the port R and opening of the

60 inner ports, S, the inner port, T’, of the gov-

erning-valves will 1n like manner co-operate

- with the inner ports, U, of the rotary cut-off
valves, as will be readily understood. i
Inasmuch as the outer p(n'tsaﬁf ﬁ';m ‘g'll'bi‘m'yl

65 cut-off valves travel faster than theinner ports’
thereof, by reason of the difference in distance
from the center of motion, the said outer ports |

T1,thas bearings

i
t

253, o

are made proportionally longer, in order that
they may admit the same amount of steam in
the same time as the inner ports. .

- The packings D’ (see Fig. 10) on opposite
sides of the rotary cut-off valves, while pre-
serving tight joints between the said valves
and the casing on the one hand and between

said valvesand the governing-valves on the:

other hand, leave slight intervals or spaces
A° B which would tend to create unequal

pressure on the valves, were it not for the fact

70
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that I provide each valve with a number of -

lateral perforations, (7, throngh which steam
1s admitted to both sides of the valve. Thus
Steam-valanced, the valves ran smoothly, sub-
Ject only to the friction of the packings. The

governing - valves are kept properly seated

against the cut-off valves by means of springs
D?, interposed between them and the casing,
as clearly shown in Figs. 8 and 10.

- In most rotary engines, owing either to the

unequal expansion of the parts of the mech-
anism or to wear, difficulty often arises from
the shaft getting out of center, and with this

80

90

in view I have in the construction of my pres- -

ent engine- essayed a distribution of steam
calculated not only to steam-balance all the
running parts, but also to provide for a uni-
formity of expansion. My plan for accom-
s!team-jackebing of the inner casing in which
the several operative parts of the mechanism
work, the channeling and chambering of the
Inner casing, the hub, and pistons, so as to ad-

mit steam therein, the provisions for steam-

95

piishing this, as has been seen, includes the

I00

balancing the several valves, the supporting -

of the Inner casing so as to permit of free ex-
pansioi: in all directions, the packing of the
sliding abutments, slide-valves, and rods in 3
manner to: admit of expansion, &e. In fine,

my aim has been to secure a free and equal

expansion’of the inner casing and all its con-
talned parts from center to circumference, so

‘that there shall be no binding or cramping at

any point, and 8o that the expansion or- con-

‘traction of the inner casing would not affect

at all the inner casing. While all these pPro-
visions are believed to in a large measure, if
not entirely and effectually, meet the difficul-
ties of unequal expansion, I havestill thought
it advisable to provide further against such
difficulties, but more particularly against wear
of parts, by the employment of means for ad-
justing and centering the shaft, or rather the
long hub of the pistons in its bearings in the
inner casing. In carrying out this point of
my I1nvention I form annular tapering re-
cesses 16° 197 in the outer portions of the inner

case, as shown, for instance, in Fig. 4, and in

such recesses Iarrange a series of correspond-
Ing wec re-snaped ring-segments, B, rendered
adjusiable| bny lovable bolts G*.  The shaft,
which af e{'rmr'r > 18 rigidly connected to the hub

arc capable of a

the casing, the j!biut between them and the
outer ca,si‘r:\g( be-'j[ng maintained at all times

4
|

P H* in the onter casing, that.
slight lateral adjustment in
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steam-tight by means of packing-rings T i
circling the shaft and steam-pressed outward,
as shown.

~When the engine is first properly centered
and balanced, a circle may be struck upon the
outer surface of the outer casing by means of
any sultable instrument applied to the shaft
and rotated with it. This circle will there-
after serve as a gage by which to determine
whether the shatt is perfectly aligned. If af
any time, upon a suitable instrument being ap-
plied to the shaft, it is found that a circle is
made eccentric to that of the standard circle,
the wedge-shaped sections E? are adjusted till
a perfectly true alignment is effected. In this
way an even running of the engine may at all
times be assured.

Having thus described my invention, what

I claim as new is— R

1. In a rotary engine, a single driving-shaft

- and a series of eccentric pistons of the same

25
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diameter,but of unequal weight,secured tozgid
shaft in a manner to cause the balancing of the
heavier piston or 1
the lighter pistons, in combination with cham-
bers in which the pistons work, and sliding
abutments co-operating with said pistons and
supported by the walls of the piston-cham-
bers, substantially as described.

2. In a rotary engine, the combination of a
middle rotary eccentric piston having an elon-
gated hub and two other eccentric pistons se-
cured rigidly to said elongated hub on oppo-

as described..

d. Iu a rotary engine, the combination of a
middle rotary eccentric piston having an
elongated hub and two other eccentric pistons
rigidly secured to said elongated hub on op-
posite sides of the said middle piston, and
having an aggregate weight equal only to
the weight of the middle pisiui, substantially
as described.

4. In a rotary engine, the combination of |

an inner casing containing the piston -chgm-
bers, the rotary pistons, and the valves for Cof -
trolling the admission of steam to said piston-
chambers, with an outer casing, between which
and the inner casing the stcam for running

the engine is first admitted before passing |

into the inner casing, substantially as de-
scribed.

5. Inarotary engine, the combination, with
a stationary piston-chamber, of an eccentric
piston operating therein and a sliding abut-

ment guided in the walls of the piston-cham- |

ber and moved positively in and out by direct

contact with the surface of the piston, sub- |

stantially as deseribed. |

6. In a rotary engine, the combination, with
a- stationary piston-chamber, of an eccentric
piston operating therein, a sliding abutment,
and a sliding false abutment guided in the
walls of the piston-chamber, connected to-
gether and bearing upon opcsite portions of

el e

the surface of the piston, substantially as de-
scribed.

Wi

in- |

pistons by two or more of |

7. In arotary engine, the combination, with
‘a stationary piston-chamber, of an eccentric

ment supported at its lateral edges in the .
walls of the chamber and actuated by direct

contact of 1ts end with the periphery of the

eccentric piston, substantially as described.

a statlonary casing having a series of piston-
chambers and a series of eccentric pistons ar-
ranged in said chambers and mounted upon
a common shaft, of a series of sliding abut-
ments, one for each piston-chamber, said abut-
ments being supported in the walls of the sta-
tionary casing and bearing upon the periph-
eries- of their respective pistons and receiv-
ing positive motion therefrom, substantially
as described. | |

9. In arotary engine, the combination, sub-
stantially as described, of the stationary outer
casing and the stationary inner casing, having
thesteam-space between them, with themiddle
piston, its elongated hub, and the two smaller
pistons secured to said hub, all said pistons
and sald hub having internal passages for
steam In communication with the steam-space
between the inner and outer pistons, for the
purpose specified.

10. In a rotary engine, the combination of
a stationaryinner casing formed with piston-
chambers, rotary eccentric pistons arranged
in said piston-chambers, and valves for con-

_ | trolling the inlet of steam to said piston-
site sides of said middle portion, substantially |

chambers, also contained within said inner
casing, with an outer casing, between which
and the inner casing is a live-steam space sur-
rounding the inner casing at both sides and
ends, whereby the inner casing and all its con-
talned parts are kept at all times at a sub-
stantially uniform temperature, and arve per-
mitted to uniformly expand without liability
of binding. ' -

11. The combination, with the inner and
outer casings, having the steam-space between
them, of the piston-chambers within the inner
casing, the rotary eccentric piston, the sliding

abutments, and the reciprocating valves for

simultancously opening the steam-induction
ports and closing the exhaust-port on one side
of theabutments, and closing the steam-indue-
tion ports and opening the exhanst-port on
the opposite side of the abutments, substan-
tially as described.

12. The combination, with the inuer and
outer casings, having the steam-space between
them, of the circular packing-ringsinterposed

tially as described.

13. The combination, with the inner casing
and its piston-chamber and rotary pistons, of
the series of reciprocating slide-valves and the
handle, crank - shaft, and shifting - bars for
simultaneously operating said valves, substan-
tially as described.

14. The combination of the rotaryecceentric

pistons, sliding abutments, and the inner cas-
ing having piston-chambers in which the ro-

piston operating therein and the sliding abut- 70

8. Inarotary engine, the combination, with 75
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tary pistons work, .and provided with two op- | the ports of th'e rotary cut-off valves, substan- 40

posite steam-inlet ports on each side of
abutments, substantially as describéd.
15. The combination, with the eccentric
piston, having the transverse slot in its pe-
riphery for the reception of packing, of the
split rings let into the sides of the piston, and
having the offsets or lugs for holding the pack-
Ing in position, substantially as described.
16. The combination, with the casing hav-

‘the

10

ing the piston-chambers, of the rotary eccen-

- trie pistons, the sliding abutments, and the
rotary cutb - off valves having the inner and
outer elongated ports co-operating with the
steam passages or portsin the casing, substan-
tially in the manner desecribed. R

17. The combination, with the casing having
the piston-chambers, of the rotary eccentrie

IS

pistons, the sliding abutments, and the roiary

20 cutb-off valves:arranged in pairs, one on each
side of every piston-chamber, and controlling
the admission of steam to such piston-cham-
bers, substantially as deseribed,

18. The combination, with the easing having

the piston-chambers, of the rotary eccentric

“istons, the sliding abutments, the rotary cut-

off valves arranged in-pairs, one on each side

of every piston-chamber, and controlling the

>0 and the reciprocating cut-off valves co-oper-
ating with the steam supply and exhaust ports
on opposite sides of the abutments, in the
- manner described, and for the purpose speci-
- fied. - | o
35 _ 19. The combination, with the casing having
- the piston-chambers therein, of the rotary cut-
off valves having the elongated segmental
ports, and the adjustable governing - valves

admission of steam to the piston - chambers,

1

having inner and outer ports co-operating with |

3

tially in the manner specified,and for the pur-
pose described. - |

~20. The combination, with the inner casing
and its steam ports or passages, of the rotary
cut-cif valves having the elongated ports, and 45
the packing surrounding said ports on both
sides of the valves, and the adjustable gov- -

| erning-valves, substantially as deseribed.

21. The combination, with the inner casing
and its ports, of the rotary cut-off valves and so

the governing-valves, constructed as deseribed,
and pressed against the cut-off valves by

means of springs, substantially as deseribed.

22. The combination, with the inner casing
and 1ts steam-ports, of the rotary cut-off valve, ss
the governing-valve, and the reciprocating
cut-oif valves, all constructed and -arranged
substantially as described. |

23. The combination, with the inner casing
and its steam-passages, of the rotary cut-off 6o

-valves, the governing - valves, and the de-

seribed means for simultaneously adjusting
the governing-valves, 80 as to cause them to
cut off the steam sooner or later for all the

piSton-cha,m'bers, Slletanbia]]y as deseribed. 65 o

24, The combination, with the elongated
hub rendered adjustable in the inner casing,
as described, of the shaft to which the hub is L
secured, the bearings for said shaft having a
slight play in the outer casing, and the out- 7o

| wardly steam-pressed packings for preserving

the joint between the said bearings and the
outer casing, substantially as described. '

JOHN HARRINGTON.

Witnesses: |
FrRED F. CHUROH,
J. B. CHURCH.
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