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To all whom tt may concern:

Be it known that we, GEORGE WESTING-
HOUSE, Jr., and FRANCIS M. RITES, citizens of
the United States, residing at Pittsburg, in
the county of Allegheny and State of Penn-
sylvania, have invented or discovered certain
new and useful Improvements in Compound
KEngines, of which improvements the follow-
Ing is a specification.

Our invention relates to single-acting en-
gines of the eclass in which a closed crank-
case 18 employed; and its object is to provide
a duplex compound engine of such type, the
leading features of which shall be simplicity
and compactnéss of construction and the
capacity of developing comparatively high
power within a limited space.

To this end our invention consists in cer-
tain novel combinations hereinafter fully set
forth.

In the accompanying drawings, Figure 1 is
avertical longitudinal central section through
a compound engine embodying our invention;
Fig. 2, a vertical transverse section at the line
w w of Fig. 1; Ifig. 3, a plan or top view; and
Kigs. 4, 5, and 6, horizontal sections at the
lines « ¢, y v, and 2 z, respectively, of Fig. 2.

In the practice of our invention we provide
a pair of cylinders 1 2, which are preferably
cast integral and with their axes parallel and
at such distance apart as will admit of the
interposition of two valve-chests 3 3, which
are also cast integral with the cylinders, and
are located on opposite sides of a plane pass-
ing through the axes of the cylinders. Each
of the ¢ylinders 1 2 is cast and bored out to
two different diameters, the larger portions a,
which extend from the upper ends of the cyl-
inders to or about the middle thereof, being

steam-spaces, and the smaller portions b, ex-

tending from the lower ends of the cylinders
to the larger portions, serving only as inclos-
ures for the trunks of the pistons, to be pres-
ently described. The eylinders are closed at

top by heads 11°%, and are secured by bolts
passing through flanges cast around their
lower ends, which are open, to the top of a
closed crank-case 5, which forms the bed or
support of the cngine and serves as a recep-

tacle forthelubricating material of the erank-
shaft journals and crank-pins.

Each eylinder is fitted with a piston 7, which
18 properly adapted to the larger bore «, and
1s formed integral with a trunk 8, fitting the
smaller bore 0, the spaces between the periph-
eries of the trunks 8 and the walls of the
larger bores a being the high-pressuie spaces,
or those in which steam-pressure is initially
exerted, and the spaces above the pistons 7 be-
ing the low-pressure spaces, or thoseinto which
steam 1s exhausted to effect the downward
strokes of the pistons. The pistons are coupled
by connecting-rods 9 to crank-pins set oppo-
sitely, or one hundred and eighty degrees
apart, upon a patr of double cranks 10 10,
formed upon a crank-shaft 4, having journals
50, mounted in bearings 41, which are sup-
ported adjustably in the ends of the crank-
case 5. DBoth upward and downward pressure
being exerted upon the pistons, the connect-
ing-rods should be suitably constructed to ad-
mit of lost motion and wear at both ends be-
ing taken up from the lower end, and a con-
struction desirably adapted for the purpose
18 set forth in a separate application, Serial

No. 300,179, filed of even date herewith by

(reorge Westinghouse, Jr.

Steam or other motive fluid is supplied to
the valve-chests 5 3* by a steam-pipe 11, se-
cured to a flange or nozzle upon either of the
valve-chests, one being provided upon each
chest toadmit of the attachment of the steam-
pipe on either side, as preferred, the opposite
opening being closed by a cap. The valve-
chests are lined with sleeves or bushings 40,
the spaces within which communicate with
the steam - pipe and one with the other
through the space intervening between the
bushings, by means of a seriesof supply-ports
69, formed in the latter. Steam is supplied
to and exhausted from the cylinder-spaces
above the pistons from and to the interior of
the bushings 40 through ports 14, leading
from the bushings to the upper ends of the
cylinders, and is finally exhausted from the
bushings to the ~atmosphere through an ex-
haust-pipe 15, having branches connected to
the upper ends of the bushings.
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The dlstrlbutlon functions of the eylmders | May 18, 1886 Whleh pefr se 18 not herein
claimed. |

Each of the malin or dlstrlbutlon valves 12
12* is composed of a hollow or tubular body

42 and upper and lower end pistons 38 and

1 2 are performed, respectively, by two simi-
lar distribution-valves 12 122,
the valve-chests 3 and 3%, said valves bein‘g
secured upon valve-stems 16 and 16*, and co-
incidently reciprocated in relatively-opposite
directions by a single automatic cut-off mech-
anism consisting of an eccentric 21, which 1s
pivoted by an arm 28 to a centrifugal gov-
ernor or regulator composed of a supporting
disk or carrier 25, fixed upon one of the

crank-arms, weights 29, pivoted to the disk
and coupled to the eccentric, and centripe-

tally-acting springs . 30, connected to the
weights and to the disk.

‘The eccentric 21 is provided with a slot fit-
ting freely around the crank-shaft, so as to

~ be adepted to be moved tlensvereely to the

20

- fixed to the bottom of the oylmder-oest,mn"
30

35

~distribution-valves 12 122

-~ a0.of governor illustrated is not claimed as of

crank-line by the governor in accordance with
variations of pressure or resistance, or both,
and thereby to vary the traverse of the dis-

tribution-valves 12 12%, and correspondingly

cut-off steam from the oylluders at earlier or
later periods of the stroke of the pistons. The
upper section of the eccentric-strap 20, w hich
18 prolonﬂ‘ed S0 as to serve as an eceentme—-
rod, is coupled to a rocker 19, which is jour-
naled at 1ts center upon a bearlnu'-pm 22,

between the cylinders and in line vertically
with the crank-shaft. The rocker 19, which

by the movement of the eccentricis osoﬂleted-

about the axis of its bearing-pin 22, is pro-

- vided with two arms extending in oppomte

directions therefrom, to the outer ends of
which arms the valve-stems 16 16* are coupled
coincident reciprocating movement in oppo-
site directions being thereby imparted to the
The special form

our presentinvention, and any other suitable

‘and preferred construction theleof may be

- substituted, as desired.

45
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Tn order to counteract the inertia of the

distribution-valves and enable the same to be
~controlled by a governor sufficiently light and
‘compact to be employed within the r estmeted
limits of the crank-case, we provide an iner-
tia balance consisting of a pair of balance-
pistons 24, fitted to traveree at right angles
to the planes of motion of the valves in cham-

bers 23, secured to the lower ends of the c¢yl-

- inder- eestmn' or to the erank-case, and open

-55

‘reciprocated coincidently with the valves by
themovements of said rocker. Inwardly-open-

| 60.

at their inner ends to the latter, saad pistons
being coupled by rods 26 to an upwardly-pro—
Jeetmﬂ* arm 27 on the rocker 19, so as to be

ing check-valves 28, held to their seats by
springs 29, control pa,sseﬂ'ee leading from the

- outer ends of the chambers 23 to the atmos-

phere, air being exhausted in the chambers

23 1n the inward movements of each of said
‘pistons and compressed in its outward move-
ments, as in the construction set forth in the

working 1n

| ton;

405,812

39, between which pistons, respectively, and
the tubular bodies there are formed low-press-
ure supply-ports 67, adapted to communicate

intermittently with the low-pressure ¢ylinder-

ports 14 and high-pressure supply-ports 74,

70

which are continuously in oommumoatlon_

with high-pressure-cylinder ports 13, leading

from the valve-bushings 40 into the lalger

bores a of the eylmders 1 2 below the pistons
7. The interior of the tubular body of each

valve constitutes a clearance-chamber, which

thus communicates continuously W1th &hlﬂ‘]l—
pressure-cylinder space.

Steam admitted from the boiler by the
steam-pipe 11 passes into each of the valve-
chests and around the tubular bodies of the

the downwa,rd movement of each valveis ad-

mitted through the port 13 of the cylindercon-

trolled by said valve to the annular space

within the bore of said cylinder below its pis-

80

valves through the ports 69 and in and by

90

ton 7, effecting the upward stroke of said pis-

In the ensuing upward movement of
the valve its lipor 1eed1nn* edge above the

valve-chest and eylinder-space below the pis-

ton at a point in the stroke of the piston de- '
termined by the governor, thereby effecting

high-pressure eut—off the remainder of the
upward stroke bemﬂ' made by the expan-

100

sion of the steam in the annular cylinder-

space port 13, and tubular body of the valve
up to the lower face of the upper valve-pis-

ton 38. In and by the further upward.-move-
‘ment of the valve,and when the piston 7 has

attained the upperlimit of its stroke the valve-
ports 67 are brought into communication with
the lo w-pressure- oyhnder port 14 thereby ad-
mitting the steam which is contamed in the
annular cylinder-space below the piston, the

I'IO_'_ o

port 13, and ‘the tubular body 42 into the

larger eylmdncel space above the piston 7.

Such admission effects the preliminary por-

tion of the downward stroke of the piston 7
under compound expansion exerted between

the smaller annular high-pressure-cylinder
space below the piston and around the trank
8 thereof,and the larger cylindrical low-press-
ure- eyhnder space above the piston. The

120

distribution-valve has meanwhile eommeneed |

which, at a point ren'ulated by the governor,
its upper end plston 38 closes - the low-press-

ure-cylinder port 14, thereby cutting off the

its downward movement, in the eourse of

r25

supply to the low-presem e-cylinder space,and
by closing the outlet from the tubular body

of the V&lve, Whlch as before stated, consti-

tutes a clearance- ehember oomelden_tly com-
mencing high-pressure compression. The re-

petent of Francis M. Rites, No 342,307, dated | the pistonis effeoted under mmpleexpa,nelon—-n

95
ports 74 closes eommumeatlon between the

105 '

:3;:,- _
maining portlon of the downward stroke of
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that 1s to say, by the expansion of the steam |

Inclosed in the cylinderabove the piston, the
steam inclosed in the annular ¢ylinder-space
below the piston, the port 13, and the tubular
body 42 of the valve, being meanwhile in and
by the downward stroke of the piston com-
pressed at its terminal tosubstantiallyinitial
pressure. T'hecontinueddownward movement
of the valve effects the exhaust of the steam
from the space above the piston through the
port 14 Into the exhaust-pipe 15, and admits
steam, as before described, for the next sue-
ceeding upward stroke to the annular cylin-
der-space below the piston through the port
15, the new supply not being required to fill
the tubular valve-body 42, and hence being
exempt from reduction of pressure, as the
previous supply contained in the valve-body
1s of equal pressure and is utilized with the
new supply in the exertion of such pressure
upon the annular lower face of the piston in
the upward stroke about to be made. The
operation of one valve only has been de-
seribed, as thatof the otheris identical there-
with, the movements of the two valves being
effected through the rocker 19 in opposite di-
rectionsinaccordance withthe opposite crank-
connections of the pistons whose distribution
functions are performed by the respective
valves. -

Our improvements enable the capacity of

high power and the advantageous utilization
of both simple and compound expansion to
be attained in an engineoccupying but small
space and 1nvolving no complication or lia-
bility to derangement of its parts and no ma-
terial increase of mechanism as compared
with simple or non-compound engines of the
same general type. The trunks which work
in relatively-opposite directions in the lower

Spaces communlcating with the erank-case

being of equal diameters, displacement is
equalized and the objectionable results due
to unequal displacement are obviated without
the necessity of employing, as heretofore,
special means for such purpose.

We claim as our invention and desire (o se-
cure by Letters Patent—

1. In a compound engine, the combination,
substantially as set forth, of two eylinders
each bored out to a largerand a smaller diam-
eter in the upper and lower portions, respect-
1vely, of its length, trunk-pistons fitting said
cylinders, a crank-shaft journaledin bearings
below the cylinders and provided with oppo-
sitely-set cranks, connecting-rods coupling

- the pistons to the pins of said cranks, and

60

two distribution-valves which are recipro-
cated in respectively opposite directions by
connections from the crank-shaft, each of said
valves controlling the supply and exhaust
ports of one of the cylinders.

2. In a compound engine, the combination,
substantially as set forth, of two eylinders
each bored outtoalarger and asmaller diam-
eter in the upper and lower portions, respect-

tvely, of its length, trunk-pistons fitting said
cylinders, a crank-shaft journaled in bearings
below the c¢ylinders and provided with oppo-
sitely-set cranks, connecting-rods coupling
the pistons to the pins of said cranks, two dis-
tribution-valves each controlling the supply
and exhaust portsof oneof thecylinders, and
a single automatic cut-off mechanism coupled
to and actuating said distribution-valves.

5. In a compound engine, the combination,
substantially as set forth, of two eylinders,
each bored out to a larger and a smaller di-
ameter in the upper and lower portions, re-
spectively, of its length, trunk-pistons fitting
sald cylinders, a crank-shaft journaled in
bearings below the eylinders and provided
with oppositely-set eranks, connecting - rods
coupling the pistons to the pins of said cranks,
two distribution-valves each controlling the
supply and exhaust ports of one of the cyl-
inders, a centrifugal governor or regulator
fixed upomr the crank, an adjustable eccentric
which is coupled to and varied in position by
the governor, and an oscillating rocker hav-
ing its arms coupled to the strap of said ec-
centric and to the stems of the distribution-
valves. | |

4. In a compound engine, the combination,
substantially as set forth, of two cylinders
each bored out to a larger and a smaller di-
ameter in the upper and lower portions, re-
spectively, of its length, trunk-pistons fitting
said cylinders, a crank -shaft journaled in
bearings below the cylinders and provided
with oppositely-set cranks, connecting - rods
coupling the pistons tothe pinsof said cranks,
two distribution - valves which are recipro-
cated In respectively opposite directions by
connections from the crank-shaft, each con-

trolling the supply and exhaust ports of one

of the cylinders, and an inertia balance com-
posed of two pistons each working in a eyl-
inder containing expansive fluid, said pistons
being coupled one to the other and to the
stems of the distribution-valves, so as to be
reciprocated coincidently with said valvesand
to effect alternate expansion and compression
of the fluid in the eylinders. |

5. In a compound engine, the combination,
substantially as set forth, of two ecylinders
each bored out to a larger and a smaller di-
ameter in the upper and lower portions, re-
spectively, of its length, trunk-pistons fitting
sald cylinders, a crank -shaft journaled in

bearings below the cylinders and provided

with oppositely-set cranks, connecting - rods
coupling the pistons to the pins of said cranks,

-two valve-chests communicating by ports one

with the other and with a common supply-
pipe and communicating independently with
a common exhaust-pipe, ports leading from
each valve-chest into one of the cylinders ad-
jacent to opposite ends of its larger bore, and
a pair of distribution-valves reciprocating in
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the valve-chests, each of said valves having -

- a tubular body, a pair of end pistons, and a
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Series of ports intérposed bétween the body | I‘11.testimo_ny whereof we have heveuntoset
and the end pistons, said valves being adapted | our hands. | | -
to supply steam to the lower cylinder-ports i GEO WESTINGHOUSE. J

| e : ana. | | _ g _ | y JR.
from the spaces around their bodies to trans- | FRANCIS M. RITES.

5 fer steam through their ports and bodies from
the lower to the upper cylinder-ports and to Witnesses: |
exhaust steam from the upper cylinder-ports | J. SNOWDEN BELL,
by their upper end pistons. - R. H. WHITTLESEY.
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