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UNITED STATES

PaTENT OFFICE.

CLIFFORD H. BATCHELLOR, OF PROVIDENCE, RHODE ISLAND.

COMPOUND ENGINE.

SPECIFICATION forming part of Letters Patent No. 459,851, dated September 22, 1891,
Application filed December 13, 1890, Serial No. 374,646, (Ne model,)

To all wivony it may concermn:

Be it known that I, CLIFFORD H. BATCH-
ELLOR, of the city and county of Providence,
in the State of Rhode Island, have invented
certain new and useful Improvements in Com-
pound Engines; and I do hereby declare t';he
following specification, taken in connection
with the accompanying drawings, forming a
part of thesame, to be a full, clear, and exact
deseription thereof.

My invention relates to that class of com-
pound engines in which live steam may, when
desired, be admitted to both the high-pressure
and the low-pressure cylinders, instead of
having the engine always work upon thecom-
pound systein. ‘

The object of my invention is to provide
means whereby the engine may be started
with live steam in both cylinders and then
either be automatically thrown into the com-
pound system upon the attainment of a pre-
determined pressure in the receiver or be
allowed torun upon the simple system-—that
is, withlive steam working both cylinders—for
any length of time desired and then be caused
to be thrown into the compound system upon
the attainment of the predetermined pressure
in the receiver; also, at the same time to
make provision whereby the engine may when
running upon the compound system be thrown
hack into the simple system whenever de-
sired, or vice versa, the change from. the sim-
ple to the compound system at all times be-
ing effected only when a predetermined press-
ure in the receiver has been attained, and
such change being then effected in each case
automatically by the steam-pressure itself.

To this end the invention consists in the
employment of a controlling-valve and in cer-
tain ecombinations and arrangements of parts
in connection with said controlling-valve,
whereby the desired results may be secured
by the simple manipulation of said control-
ling-valve, the arrangement being such that
when said valve is in one position live steam
will be admitted to both eylinders as long as
said valve remains in that position,and when
said valve is in another position the engine
will be antomatically thrown into the com-
pound system upon the attainment of a pre-
determined pressure in the receiver.

Inthe accompanying drawings I haveshown

my invention as applied to a locomotive-en-
gine, for use in which said invention is espe-
cially adapted, although it is likewise appli-
cable to other types of engines, as stationary
or marine. :

Referring to the drawings, Figure lisafront
view, partly in section, of a locomotive-engine,
showing my improvements applied thereto.
Fig. 2 is a side elevation of the forward end
of a locomotive-engine, showing the arrange-
ment of the parts embodying my invention.
Tig. 3 is a central longitudinal section of a
portion of the receiver which connects the
high and low pressure cylinders and of the
mechanism connected therewith, the section
being taken on the line w w of Fig. 1. TFig.
4 is a section through the receiver on the line
zx of Fig.3. TFig.5 is asection taken on the
line y yy of Fig. 4. Fig. 6 is a central longi-
tudinal section of the receiver and connected
mechanism corresponding to Fig. 3, but show-
ing the operative parts in another position;
and Fig. 7 is a section taken on theline 2 2z
of Fig. 6.

A represents the high-pressure cylinder and
B the low-pressure cylinder, which are of dif-
ferent diameters and arranged upon opposite
sides of the engine, as common.

Arranged within the smoke-box Cand lead-
ing from the exhaust-port of the high-pressure
cylinder to the steam-chest of the low-press-
ure cylinder is the connecting pipe or receiver
B’. Connecting with the receiver B’ is a.cy-
lindrical chamber A’, in which are arranged
to work three piston-valves a b ¢, of different
diameters, all secured to a common valve-rod
d, as shown in Figs. 3 and 6. Communicat-
ing with this chamber is a pipe J, which con-
nects with the main steam-pipe. Arranged

drical chamber C’, within which work two
piston-valves F E’, of different diameters, both
mounted on a common valve-rod f, as shown
in Fig.5. A pipe G,communicating with the
chamber C’, leads to the atmosphere.

H is a four-way controlling-valve, which has
four pipes K LM N communicating therewith.
The pipe K leads to the atmosphere; the pipe
Lcommunicates with thechamber A’,asshown
in TFigs. 3 and 6; the pipe M communicates
with the boiler,and the pipe N communicates
with the chamber C’. Said controlling-valve
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at the side of the receiver B’ is another cylin-

95

|gele}




IO

15

20

25

30

35

40

45

50

55

6o

65

wr

H is provided with a handle 7/, which may be
operated by means of a rod /% extending to
the cab. )

Eisasteam-pipe, which communicates with
the steam-chest of the low-pressure cylinder,
and e is an opening through the wall of the
chamber A’, which communicates with the
steam-passage E through areducing-valve D,
said reducing-valve being preferablyof a char-
acter to reduce the steam from the boiler in
proportion to the difference between the areas
of the pistons of the high and low pressure
eylinders, respectively.

I is another opening through the wall of the
chamber A’ for connecting the pipe E with
the receiver I3/, as shown in Tigs. 3 and 6.

The operation of the parts is as follows:
The parts, including the controlling-valve H,
being in the position shown in Fig. 3, with the
pipe L in eommunication with pipe K and
pipe N in communication with pipe.M, and
the engine being at rest, when the throttle-
valve is opened steam from the boiler will be
admitted to the high ~ pressure -cylinder
through the usual eonnections and through
the pipe J to that portion of the chamber A’
which lies between the piston-valves ¢ and b.
The steam thus entering the chamber A’ will
immediately, by reason of the difference be-
tween the areas of said pistons ¢ and b, throw
the three piston-valves a, b, and ¢into the posi-
tion shown in Fig. 6, and when said valves are
in that position direct boiler-steam will then
be admitted through the passage ¢ to and
through the reducing-valve D to the steam-
passage K, which communicates with the
steam-chest of the low-pressure cylinder, the
piston of which will thus be worked by live
steam, reduced in pressure, however, by the
reducing-valve D. If desired, the valve-rod
d may be connected with a dash-pot or other
suitable arrangement to prevent the slam-
ming of the valves ¢ D ¢. The movement of
the piston-valves a D ¢, just described, it will
be observed, will cause the valvec to closethe
opening or port k,as shown in Fig. 6, and thus
cutoff communication between the receiver 3’
andthesteam-passageE. Theenginewillthen
run with both ecylinders working on direct
steam, the high-pressure cylinder exhausting
intothereceiver I3’ until such time as the accu-
mulated exhaust in the receiver B’ shall have
reached a predetermined pressure dependent
upon the difference between the areas of the
piston-valves b and ¢. In other words, in the
construction of the valves b and ¢ it is to be
determined what pressure it is desired shall
be attained in the receiver I3’ before the en-
gine shall be thrown into the compound sys-
tem, and said valves are then constructed
with the proper proportional areas to effect
the desired result. While the engine is work-
ing, as above described, the valves T and I’
in the chamber C” are to be in the position
shown in dotted lines in Figs. 4 and 5,and so
as to cut off the communication from the re-
ceiver B’ to the atmosphere through the pipe
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G, said valves T I’ being held in that posi-
tion by the pressure upon the face of the
valve IV of the steam supplied to the cham-
ber € through the pipe M, valve I, and pipe
N. When the predetermined pressure has
been attained in the receiver B3/, said press-
ure will act, by reason of the difference be-
tween the areas of the piston-valves b and ¢,
to throw the valves a b ¢ from the position
shown in Fig. 6 back into the position shown
in Tig. 3. Thiswill have the effect to cut off
the boiler-steam from the steam-passage K
and hence from the low-pressure eylinder, and
to open communication between the receiver
B’ and said passage K through the opening
or port hi, whereupon the low-pressure ¢ylin-
der will be worked by the exhaust from the
high-pressure cylinder and the engine berun
upon the compound system. It will be ob-
served that this change from the simple to
the compound system is effected antomati-
cally by the pressure in the receiver when-
ever that pressure has reached the predeter-
mined point, and no hand manipulation what-
ever is required to effect said change. When
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the engine is thus thrown into the compound -

system it will continue to run compound un-
til brought to rest, unless the controlling-
valve I is manipulated to throw the engine
back into the simple system, as hereinafter
described. If, now, it be desired to prevent
the engine from being auntomatically thrown
into the compound system—or,in other words,
to keep the engine running upon the simple
system, for any desired length of time—all
that is necessary tobe done is to turn the con-
trolling-valve II from the position shown in
Fig. 3intothe position shown in Fig. 6, where-
by the pipe L will be disconnected from pipe
X and connected instead with the pipe M
and the pipe N will be disconnected from the
pipe M and connected instead to the pipe K.
This will have the effect to close the commu-
nication of the chamber A’ with the atmos-
phere and to open said chamber in front of
the valvea tosteam-pressure and at the same
time to take away the steam-pressure from
the chamber C’ in frout of the valve F’ and
to open said chamber in front of said valve F’
to the atmosphere. This latter change will
cause the valves If and I’ to be thrown into
the position shown in full lines in Fig. 5 by
means of the steam-pressure in the receiver
acting upon the differential area of the valve
BF’, and thus open the receiver B’ to the at-
mosphere through the pipe G. As the cham-
ber A’ is now connected to a steam-supply
through the pipe L, there will be a pressure
of steam upon the front of the piston-valve

a in addition to the pressure of the steam.

coming through the pipe J upon the differen-
tial area of the valve b, and as the receiver
B’ is now open to the atmosphere through
the pipe G there will be no aceumulation of
steam in the receiver, and consequently no
effective pressureto act upon the piston-valve
¢ to overcome the steam-pressure upon the
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valves ¢ and D, with the result that the valves
a b ¢ will remain in the position shown in Fig.
6, and the engine will continue to run upon
the simple system as long as the controlling-
valve H is left in the position shown in that
figure. ) .
Whenever it is desired to have the engine
run upon the compound system, all that is
necessary to be done is to move the control-
ling-valve I from the position shown in Fig.
6 back to the position shown in Fig.3. When
this is done, the valves F and F’ will, by
means of the steam which will be admitted to
the chamber C’ through the pipe N, so as to
act upon the face of the valve ¥, be thrown
back to the position shown in dotted lines in
Tigs. 4 and 5, thus cutting off the connection
between the receiver B’ and the atmosphere,
whereby the exhaust from the high-pressure
eylinder will be caused to accumulate in the
receiver. As soon as this accumulation of
steam in the receiver has reached the prede-
termined pressure the valves a bc will be
automatically moved into the position shown
in Fig. 3,the pipe L having been cut off from

a steam-supply and opened to the atmos-.

phere, and the engine will thus be anfomati-

cally thrown into the compound system upon

the attainment of the predetermined pressure
in the receiver, as before described. If, now,
the engine be running on the compound sys-
tem—that is, with the parts in the position
shown in Fig. 3—and it is desired at any time
to throw it into the simple system, all that it
is necessary to do is to move the controlling-
valve H into the position shown in Tig: 6.
This will cut off the supply of steam from the
pipe N, and consequently remove the press-
ure from the face of the piston-valve F’, thus
allowing the valves F and F’ to be thrown
into the position shown in full lines in Fig.
5, by meansof the pressure in the receiver B’
acting upon the differential area of the valve
F’, and thus open the receiver B’ to the at-
mosphere through the pipe G, as before de-
seribed. At the same time the pipe L will be
connected to the steam-supply through the
pipe M, and steam will thus be admitted to
act upon the face of the piston-valve q, the
pressure on which, in addition to the pressure
of steam from the pipe J upon the differen-
tial area of the valve b, will act to quickly
throw the valves a b ¢ into the position shown
in Fig. 6, even before the receiver-pressure
on the valve ¢ is materially reduced. This
will have the effeet to close the port i and

~ cut off communication between the receiver
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B’ and the steam-passage E before the press-
ure in said passageis materially reduced; and
at the same time to open the port e, so as to

permit the live steam from pipe J to pass

to and through the reducing-valve D to the
steam-passage .E. The engine will thus be
caused to run upon the simple system, and
will continue so to run as long as the control-
ling-valve I is left in the position shown in
Fig.6. If atany time thereafterit be desired

to change back again to the compound sys-
tem, by simxply moving the controlling-valve
H to the proper position the exhaust from
the high-pressure cylinder will be accumu-
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lated in the receiver, and upon the attain-

ment of the predetermined pressure in the
receiver the engine will be again automati-
cally thrown into the compound system. It
will thus be seen that by means of the mech-

anism above described all the desired results - :

may be obtained simply by a manipulation
of the controlling-valve. Thus withsaid con-
trolling-valve in the proper position the en-
gine may be started with live steam working

8o

both cylinders, and then as soon as the pre- .

determined pressurein the receiver is reached
be automatically thrown into the compound
system. Again, with said controlling-valve
in another position the engine will not only
start with live steam in both eylinders, but
will continue to run upon the simple system
for any desired length of time and until the

-position of the controlling-valve is changed,

when by simply moving said controlling-valve
the engine will be automatically thrown into
the compound system upon the attainment of
the predetermined pressure in the receiver.
And finally the engine when running com-
pound may be immediately thrown into the
simple system at any time by simply moving
the controlling-valve into the proper position,
the change from compound to simple being
made with no interruption to continuous
pressure in the low-pressure cylinder: The
engine is thus always entirely under the con-
trol of the engineer, who may at will, by .a
simple manipulation of the controlling-valve,
throw theengine from the simple system into
the compound, or vice versa, or allow it to be
automatically thrown into the compound sys-
tem as soon after starling as the predeter-
mined pressure is reached in the receiver.
Again, it will be observed that in all cases the
change from the simple to the compound sys-
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tem is automatically effected by the pressure .

in the receiver, and is never. effected until
that pressure has reached a predetermined
point sufficient to effectively work the low-
pressure cylinder when admitted thereto.
The advantages of the improvements here-
inbefore described when applied for use ina
locomotive-engine, for example, will be appa-
rent. Bymeans thereoflivesteam may be ad-
mitted tothe low-pressure cylinderin starting,
which is very desirable in a eompound loco-
motive. Again, both cylinders may, when
desired, be worked with live steam for any
length of time after starting, instead of hav-
ing the engine run almost immediately into
the compound system, as has usually been the
case. Again, the engine may when running
compound be at any time thrown back into the .
simple system and so run for any -desired
length of time—as, for instance, while climb-
ing a long or heavy grade—and then, when'
desired, be returned again to the compound
system, and finally the engine will not in any
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case be thrown into the compound system
until an effective working pressure has been
attained in the receiver, and sothat when the
engine beginsto run compound the work will
be practically equally distributed between the
high and the low pressure eylinders, which is
very desirable.

‘What I claim as my invention, and desire
to secure by Letters Patent, is—

1. In & compound engine, the combination,
with the high and low pressure cylinders and
a receiver connecting the two, of a valve for
opening or closing said receiver to the atmos-
phere,a valve for opening or closing the com-
munication between said receiver and the
low-pressure cylinder, and a valve for open-
ing or closing said low-pressure cylinder to
live steam, all of said valves being automati-
cally operated by steam -pressare, substan-
tially as described. ‘ \

2. In a compound engine, the combination,
with the high and low pressure cylinders and
a receiver connecting the two, of a valve for

opening or closing said receiver to the atmos--

phere, a valve for opening or closing the com-
munication between said receiver and the
low-pressure cylinder, a valve for opening or
closing said low-pressure cylinder to live
steam, all of said valves being automatically
operated by steam-pressure,and a controlling-
valve to control the admission or exclusion of
steam to operatesaid automatically-operated
ralves, substantially as described.

3. In a compound engine, the combination,
with the high and low pressure cylindersand
a receiver connecting the two, of a chamber
communicating with said receiver, differen-
tial piston-valves working in said chamber, a
pipe communicating with said chamber, and
a controlling-valve for connecting said pipe
either with a steam-supply or with the atmos-
phere, whereby by the manipulation of said
controlling-valve said piston-valves will be
automatically moved by steam-pressure to
open or close said receiver to the atmosphere,
as may be desired, substantially as described.

4, In acompound engine, the combination,
with the high and low pressure cylinders and
a receiver connecting the two, ot a chamber
communicating with the steam-passage lead-
ing to the low-pressure cylinder, differential
piston-valves workingin said chamber, a pipe
connecting said echamber with the boiler, a
second pipe communicating with said cham-
ber, and a controlling-valve for connecting
said last-named pipe either with a steam-sup-
ply or with the atmosphere, whereby by the
manipulation of said controlling-valve said
piston-valves will be automatically moved by
steam-pressure to open said low-pressure cyl-
inder either to live steam from the boiler or
to exhaust-steam from the receiver, as may
be desired, substantially as described.

5. The combination, with the high and low
pressure cylinders and a receiver connecting
the two, of a chamber communicating with
the steam-passage leading to the low-pressure
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eylinder, piston-valves working in said cham-
ber, a pipe connecting said chamber with the
boiler, asecond pipe communicating with said
chamber, a controlling-valve for connecting
said last-named pipe either with a steam-sup-
ply or with the atmosphere, and a reducing-
valve located between said chamber and the
low-pressure cylinder, whereby by the ma-
nipulation of said controlling-valve said pis-
ton-valves will be auntomatically moved to
open said low-pressure cylinder either to live

steam from the boiler or to exhaust-steam

from the receiver and when opened to live
steam from the boiler the pressure of said live
steam will be reduced by said reducing-valve,
substantially as described.

6. The combination, with the high and low
pressure cylinders and a receiver connecting
the two, of a chamber communicating with
the steam-passage leading to the low-pressure
cylinder, differential piston-valves working
in said chamber, a pipe connecting said cham-
ber with the boiler, a second pipe communi-
cating with said chamber, a controlling-valve
for connecting said last-named pipe either
with a steam-supply or with the atmosphere,
and a proportional reducing-valve located be-
tween said chamber and the steam-passage
leading to the low-pressure cylinder, whereby
by the manipulation of said controlling-valve
said piston-valves will beautomatically moved
to open said low-pressure cylinder either to
live steam from the boiler or to exhaust-steam
from the receiver and when opened to live
steam from theboiler the pressure of said live
steam will be reduced by said reducing-valve
proportionately to the difference in areas be-
tween the pistons of the high and low press-
ure cylinders, substantially as deseribed.

7. The combination, with the high and low
pressure cylinders and a receiver connecting
the two, of valvesadapted to be automatically
operated for opening the low-pressure cylin-
der either to live steam from the boiler or to
exhaust-steam from the receiver, valves adapt-
ed to beautomatically operated for opening or
closing said receiver to the atmosphere, and
ahand-operatedcontrolling-valve having suit-
able connections with a steam-supply and with
the atmosphere, whereby with said control-
ling-valve in one position the engine will be
automatically thrown from the simple to the
compound system upon the attainment of a
predetermined pressure in the receiver and
with said controlling-valve in another posi-
tion the engine will continue to run upon the
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simple system aslongas desired, substantially .

as described.

8. The combination, with the high and low
pressurecylinders and a receiver connecting
the two, of the two chambers A’ and (7, the
four-way controlling-valve H, the pipes K and
M, connecting said controlling-valve.with the
atmosphere and with a steam-supply, respect-
ively, and the pipes L and N, connecting said
controlling-valve with the chambers A’ and
C’, respectively, substantially as deseribed.

N

125

130



) o

5

20

459,851

9. The combination, with the high andlow
pressure cylinders and a receiver connecting
the two, of the chamber C’, communicating
with said receiver and with the atmosphere,
thedifferential piston-valves Fand F’,secured

to a common valve-stem, the connecting-pipe-

N for admitting steain to the said chamber C’
in front of the piston F’ or for opening the
same to the atmosphere, and the controlling-
valve Il for controlling the admission of steam

to the pipe N or opening the same to the at--

mosphere, substantially as described.

10. The combination, with the high and low
pressure cylinders and the receiver connect-
ing the two,of the chamber A’ having an open-
ing or port e leading to the low-pressure cyl-
inder, the differential piston-valves ¢ and b,
secured to a common valve-stem, the pipe J,
connecting said chamber A’ with the boiler,
the pipe L for admitting steam to the said
chamber A’ in front of the piston a or for
opening the same to the atmosphere, and the

controlling - valve I for controlling the ad-
mission of steam to the pipe L or opening the
same to the atmosphere, substantially as de-
seribed. ' :

11. The combination, with the high and low
pressure cylinders, of the receiver B’, the
chamber A’, secured to said receiver and hav-
ing openings or ports ¢ and . for the passage
of steam, the pipe L, communicating with said
chamber A’ the steam-passage E, leading to
the low-pressure cylinder, the differential
valves b and ¢, secured to a common valve-
stem for opening and closing the ports ¢ and
h, respectively, and the reducing-valve D in
communication with the port e for reducing
the pressure of the live steam before its ad-
mission to the low-pressure cylinder, substan-
tially as described.

CLIFFORD H. BATCHELLOR.

‘Witnesses:

W. H. THURSTON,
S. J. MURPHY.
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