No. 775,318, PATENTED NOV. 22, 1904.

G. W. SUTCLIFFE.
COMPOUND ENGINE.

APPLICATION TILED SEPT. 28, 1501, |
NO MODEL, 2 SHEETS—SHEET 1.

Q =
N
é
N | B
|
|
_ i
Ve |
0 N
g SLEIE
L ey -~ I__.T J__jk" | I 1
T | | = I_" ,
| QL& ) o ?.
NN N —— S it
Y ) I
._I | j . | nn 'mr.ﬁn
— I; Lo i S ullIIHH
kb \ 2/ &"i N :
N :
LA A
| | '
| |




No. 775,318, _ PATENTED NOV. 22, 1904,
' . W. SUTCLIFFE.
COMPOUND ENGINE.

APPLICATION FILED SEPT, 28, 1801.
NO MODEL. 2 SEEETS—SHEET 2.

}F: ' o - ¥
3 y 4' /2 27 "-_..;W- 2.
B G o6 ~
.- LT 4= NI = 7
x ' Vi 7
| _ o
=T Z = /p /ﬂ_ L‘—_.‘::*:*, r— ;. o j
* E gt ol N i 2 A e -
Nz# s 3
I ”f‘
C & W 4 ﬁ . 54
) < ;QZ/ .
B ¥ \\(( (P
NN
) gﬁ‘ T ‘ :’\En\\\\\.‘\ Sy
NS S ASSSSSSSUUSTY

7 \\\\-;\V




No. 775,318,

Patented November 22, 1904,,

UNITED STATES PATENT OFFICE.

(rEORGE W.

SUTCLIFFE, OF MARPLE,

ENGLAND, ASSIGNOR TO RACHEL

SUTCLIFFE, OF MARPLE, ENGLAND, AND ARTHUR GEORGE SUTCLIFFE,

OF ('HICAGO, ILLINOIS.

CONPOUND ENGINE.
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Lo all whom it may concern:

Be it known that I, GEoree WiLLray Sur-
CLIFFE, residing at M:uple in the county of
C‘heetel Emﬂ;:md have invented certain new

5 and nseful lmprovements in Compound KEn-

gmnes, of whichthetollowingisaspecification. |

This invention relates to improvements in
the construction of locomotwe-enmne%, and
refers more specifically to an engine of the

ro compound type in which Ste{un 1s expanded
or utilized in two stages—.
sure and a low-pressure Staoe

The salient objects of the Invention are to
provide a construction in which such relation

15 of the piston areas ot the high and low pres-
sure cy lmdels 1s provided as to secure the
most effective and eeonomlcallesults to pro-
vide a construction in which the low-pres&;me
cylinders act in unison with each other and

20 alternately with the high-pressure cylinder.,
and to provide in a construection of the char-
acter referred to an arrangement which en-
ables the cylinders to be conveniently -ap-
plied to locomot

25 tially changing the forms of frame and truck
construction now in ordinary use.

The invention consists in the matters here-

inatter described, and more particularly point- |

ed out in the appended claims, and the same

3o will be readily understood

description, reference being had to the ac-
companying drawings, in which—

Figure 1 13 a plan view of so much of the

truck-tframe of a locomotive as will enable

35 the Invention to be understood, the supply-

steam trunk being shown in horizontal sec- |

tion, taken in a plane above the plane of the
cylinders. Fig. 2 1s a side elevational view
with certain parts in cross-section and others
40 omitted and diagrammatically illustrating the
relation of the crank connections of the hwh
and low pressure c¢ylinders. Fig. 3 is a hont
elevational view, in diagrammatic outline,
illustrating the relative locations of the sev-
45 eralevlindersand the boil
Ing-plpes.
tronal views

Figs. 4 and 5 are longitudinal sec-

., 2 high-pres-

1ve-engines without substan-

from the following

er and their connect- |

[

. — — —— e — e —— —y

—

of an Intercepting- TEﬂVB which I |

prefer to employ in order to render the en-
gine simple or compound at will; and Fig. 6
1s a detall cross-sectional view on the line 6 6
of Kig. 4, the ported valve-body appearing in
end elevation.

It 1s found in practice that the low-pressure
piston area should usually be about two and
four-tenths as great as the high-pressure pis-
ton area, assuming the piston-strokes to be
equal in the several eyvlinders in order to se-
cure the most effective application of the
steam. It is also essential that an engine
should be so constructed as to be able to start
promptly under load at all times and in all
positions of the driving mechanism. For the
latter reason 1t 1s important that the whole of
the low-pressure piston area should be avail-
able for starting at all times when the high-
pressure area 1snot avallable. Owing to the
peculiarities of construction of locomotives
as now generally constructed, a single low-
pressure cylinder cannot be made of sufficient
piston area to secure the proper relations be-
tween the area of the high and low pressure
cylinders without serious objection.

In carrying out my invention I provide one
high-pressure cylinder to first receive and ap-
plv the steam to drive the engine, which eyl-
inder I place to one side of the main frame
of the engine, as indicated at 5. 1 also pro-
vide two low-pressure cylinders of such size
that their combined piston areas will bear to
the piston area of the high-pressure cylinder
substantially the relation hereinabove speci-
fied. One of these cylinders, which I desig-

e x

nate by 6 and 1dentify as the ““outer” low-
pressure cylinder, 1s placed upon the opposite
side of the engine-frame from the high-pres-
sure cylinder, while the other low-pressure
cylinder, desiognated by 7 and identified as
the **inner” low-pressure cylinder, is placed
between the main side members 8 and 9 of the
engine-frame.

The high-pressure cvlmder 5 and the outer
low-pressure cylinder 6 are in the present in-
stance shown as arranged to impart rotation
to a shatft 10, rotatably mounted in and be-
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tween the side members 8 and 9 of the frame

and here constituting the axle of the man

driving-wheels 11 and 12, the outer faces of
which are provided with wrist-pins 13 and 14,

operatively connected with the pistons in cyl-

inders 5 and 6 through pitmen 15 and 16, re-
spectively, all asis usval in locomotive con-
struction. It will be observed that two of the

- cylinders above mentioned-—namely, cylin-
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ders 5 and 6—are arranged to act upon the
wheels and axle driven thereby through
cranks disposed a quadrant-apart or at rignt
angles to each other. Preferably the longi-
tudinal axes of the cylinders 5 and 6 are dis-
posed parallel, as herein shown. Imay, how-

ever, arrange the cylinders out of parallel

with each other, in which case the angle be-
tween the planes of the two cranks will be
corrected to correspond, so that in either case
the cranks of the two cylinders will pass the
dead-points at four equal intervals of a com-
plete revolution. -

- The inner low - pressure cylinder 7 1s ar-
ranged to act upon a crank 17 through 1its
piston and pitman 18, which crank 17is formed
or fitted upon the main axle 10 at a point in-
termediate of the length of the latter, as clearly
indicated in the planview, Fig. 1. T'his latter
crank 17 isso disposed relatively to the crank
of the low-pressure cylinder 6 as to be upon
its outer dead-center point when the compan-
ion low-pressure cylinder i1s upon its inner
dead-center point, and vice versa, or, in other
words, the crank 17 is arranged diametrically
opposite the crank 14, and in order that the
two pistons of the cylinders 6 and 7 may act
in unison in propelling the locomotive the
valve-gear and steam-supnply, hereinafter de-
seribed, are so arranged as to drive the pis-
tons of the two low-pressure cylinders in op-
posite directions during the same periods, so
that the combined driving moment of both
pistons acts effectively upon the main axle.

19, 20, and 21 designate the valve-chests of
the three cylinders 5, 6, and 7, respectively,

‘while 22. Fig. 3, may represent the boiler.

In Fig. 3 I have diagrammatically illustrated a
convenient system of distribution of the steam

between the boiler and the several cylinders

which may be employed, although such a sys-
tem is illustrative merely and may be vari-

ously modified within the spirit and scope ot
A designates the steam-deliv-

my invention.
ery pipe from the boiler, leading directly into

the valve-chest 19 of the high-pressure cylin-
B designates the casing of an inter- |
cepting-valve which I prefer to employ for:
' The body of the intercepting-valve isequipped

cler 5.

the purpose of effecting such a distribution ot
the steam to the cylinders as enables the engine
to startup with tfull boiler-pressure in all three
cylinders and subsequently automatically con-
vertitself into a compoundengine. The under
side of the casing of this intercepting-valve 1s

tapped by a pipe C, which constitutes the ex- |

775,318

The forward end or head of the casing B 1s
tapped by a short curved pipe D, which consti-
tutes a direct live-steam connection from the
steam-inlet pipe A to the interior of the inter-
cepting-valve casing,atone end thereot. lisa
delivery-pipe tapping one side of the casing B

of the intercepting-valve and leading thence

by branches ¢ ¢ to the valve-chests 20 and 21
of the outer and inner low-pressure cylinders
6 and 7. respectively. T 1s the final exhaust
or blast pipe which taps the valve-chests 20
and 21 by branches #and 7, respectively, and
terminates in a discharge-nozzle 7*, which in
practice is located within the usual smoke-
stack. G constitutes a connection between
the upper side of the casing of the intercept-
ing-valve and the blast-pipe F.

Referring to Figs. 4, 5, and 6, which illus--

" haust-pipe from the high-pressure cylinder. 03

70

75

30

trate the relative points of connection of the

several pipes which tap the casing B of the
intercepting - valve, it will be seen that the
valve-body proper of the intercepting-valve
comprises a pair of pistons H and I of unequal
diameters and surface areas connected by a
stem or shank J. It will be observed that the
member H of the valve is adapted to control
the passage of steam through the pipe G,

while the companion member I of the valve-

00

body is adapted to similarly control the ad- -

mission of steam to the low-pressure cylinders

95

through the pipe E. The inner wall of the
casing B is annularly recessed through a lim-

ited extent intermediate. its ends at ) coinci-

dent with the point of junction of the pipe B

therewith. This annular recess is adapted to
cooperate with a series of small bores or steam
passage-ways 4, extending between the outer
face of the piston-block 1 of the valve-body
and points on its periphery which register
with the annular recess & when the valve-body

is at the end of its left-hand throw. The

valve-body is further provided with a longitu-
dinal bore %, extending entirely therethrough:
The right-hand end of the valve-body 1s also
formed as a stop-valve 47, acting to open and
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close communication of the pipe D with the

interior of the valve-casing. .

The valve-chests 19, 20, and 21 of the several
cylinders are preferably equipped with the
usual steam-slide-valve mechanism, which 1s

operated in properly-timed relation to.admit

and exhaust the steam from the cylinders
through the usual eccentric-gear connections,
(indicated at 23,24,and 25, respectively, )which
may be the usual well-known type and need
not, therefore, be more particularly described.

with an actuating-stem K, extending rear-
wardly through a stuffing-box I, this stem
being adapted to be connected with any suit-

- able manual operating means, as a hand-lever,

within convenient reach of the engine-driver.
The engine on starting 1s designed to work

175

[20

125




L

10O

Crd
i

4O

13

6o

770,318

separate, by which is meant that all of the

scveral cylinders are supplied with high-pres-

sure steam from the boiler: and to effect this
the valve-body 1s shifted by hand to the left-
iand position, as shown in Fig. 4. By this
means direct communication Dbetween the
high-pressure eylinder 5 and the low-pressure
cviinders 6 and 7, which can take place only
through the pipes Cand E, is obviously closed
by the piston-body I, and the live steam ad-
mitted to the high - pressuve evlinder 5 di-

rectly through the pipe A is allowed to ex-

haust dirvectly to the blast-pipe F through the
pipes C and (v, which are in free communica-
tion through the intercepting-valve. At the
same time high-pressure steam from the boiler
15 allowed to pass through pipe D into the
front end of the intercepting-valve casing,
thence through the ports 7 and annular recess
/into pipe E, and thence directly to the cylin-
ders 6 and 7, the steam being exhausted di-
rectly from the latter cylinders through the
branches 7 and /" and the blast-pipe F. It
will thus be seen that in this position of the
Intercepting-valve all three of the cylinders
are adapted to work at full boiler-pressure.
Owing to the difference in area between the
pistons H and I of the valve-body the latter
1s normally maintained in the deseribed po-
sition until the pressure of steam between the
pistons falls sufliciently far below the pressure
of steam upon the left-hand side of the larger
piston H, admitted through the bore /., to shift
the valve into the position shown in Fig. 5.
whereupon the engine will at once begin to
work compound owing to the fact that high-
pressure steam trom the boiler is thus shut off

from the cylinders 6 and 7 by the stop-valve

/i* closing the inlet-pipe D, while the shifting
ot the piston I throws the inlet-pipe E of the
low-pressure cylinders into free communica-
tion with the exhaust-pipe C from the high-
pressure cylinder, at the same time cutting
off the direct exhaust of the latter to the blast-
pipe through pipe G. The pressure of the
steam acting through the bore /4 suffices to
maintain the valve - body constantly in its
right-hand position, and the engine will thus
continuously run compound until the inter-
cepting-valve is again manually shifted by the
engineer.

The crank 13 of the high-pressure cylinder
» 18 preferably arranged half-way between
the cranks 14 and 17 of the low-pressure cyl-
inders, as illustrated diagrammatically in Fig.
2. for the evident purpose of enabling the en-
21ine to start promptly in any and all rest po-
sitions of the driving mechanisms. 1t will be

noted that the cylinders as thus arranged may

be very nearly of the same diameter and of
precisely the same length, one of the two low-
pressure cylinders being larger in diameter
than the high-pressure cylinder in order to

atford the desived piston avea. If preferred,

both low-pressure cylinders may obviously be
of shghtly-larger diameter than the high-pres-

e further noted that
that 1t may be applied

sure cylinder. 1t will
the arrangement is such

- to locomotives as now generally construeted
without extended reconstruction of the parts

and without in any wise increasine the size of
the engine or so placing the eylinders as to
substantially interfere with other parts. It
will further be noted that the arrangement
described provides for the approximate mu-
tual balancing ot the two low-pressure pistons
and other connected reciprocating and revoly-
Ing parts.

While I have herein shown and «
preferred embodiment of my invention, it will
be understood that the cylinders are not nec-
essarily arranged to act upon the same axle
so long as the driving moment of the pistons
1s imparted in a manner equivalent to that de-
scribed. I do not, therefore, wish to be lim-
ited to the precise construction and arrance-
ment shown except to the extent that the
same are made the subject of specific claims.

I claim as my invention —

1. Inalocomotive, the combination with the
source of steam-supply,of a high-pressure cyl-
inder and a pair of low-pressure cylinders ar-
ranged to simultancously receive the exhaust-
steam directly from the high-pressure cvlin-
der, and operative connections bhetween the
pistons of said cylinders and the propelling-
wheels, the driving-cranks actuated by the
low-pressure pistons being arranged in dia-
metrically opposite relation, and the driving-
crank actuated by the high-pressure eylinder

e

the cranks of said low-pressure cylinders.
2. Inalocomotive, the combination with the

| source of steam-supply,of a high-pressure eyl-

inder arranged outside one of the side mem-
bers of the main frame of the locomotive, a
low-pressure cylinder arranged outside the

main frame at the opposite side of the loco-

motive and a second low-pressure cylinder ar-
ranged between said side members of the loco-
motive-frame, interconnections whereby the
exhaust from the high-pressure evlinder dis-
charges directly into both low-pressure cyl-

inders simultaneously but at opposite ends of
113

sald low-pressure cylinders and driving con-
nections between the pistons of said several
cylinders and the propelling-wheels of the lo-
comotive.

3. Inalocomotive, the combination with the
source of steam-supply, of a high-pressure cyl-
inder arranged outside one of the side mem-
bers ot the main frame of the locomotive, a
low-pressure cylinder arranged outside the
main frame at the opposite side ot the loco-
motive and a second low-pressure c¢ylinder ar-
ranged between said side members of the loco-
motive-frame, interconnections whereby the
exhaust from the high-pressure evlinder dis-

&

eseribed a

being arranged at right angles to the plane of
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charges directly into both low-pressure cyl-
inders simultaneously but at opposite ends of
said low-pressure cylinders, a main drive-axle
provided at each end and at a point interme-
diate its length with pitman-wrists, and op-
orative connections between the pistons of the
respective cylinders and corresponding crank-
wrists, the said two low-pressure cylinders

being arranged in diametrically opposite re- |

' lation and the crank-wrist of the high-pres- 10

sure cylinder being arranged at right angles
to the other erank-wrists, substantially as de-
scribed.

G. W. SUTCLIFFEL.

Witnesses:
ALBERT HALL,
HARRY ATKINSON.
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