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To all whom it may concern: | principal featuresof myinvention are equally
Be it known that I, FRANCIS W. DEAN, of | as applicable to stationary as to locomotive
Cambridge, in the county of Middlesex and engines. | |
State of Massachusetts, have invented certain In the drawings, A represents the shell of sz
5 new and useful Improvements in Compound | the locomotive-boiler, and A’ the tube-sheet
Engines, of which the following, taken in con- | at the rear of the smoke-box. |
nection with the accompanying drawings, is 5 is the high-pressure eylinder, B’ its sad-
a specification. | | dle, I3 its steam-chest, and B3thesteam-chest
My invention relates to compound engines | cover. o o 60
1o of that class in which, in starting, live steam Cis the low-pressure cylinder, ¢’ its saddle,
1s simultaneously admitted to both eylinders | C? its steam-chest, and C® the steam-chest
in order to obtain greater pressure at start- | eover.
ing, and also to obviate the difficulty some- D is the steam-supply pipe through which
times met of having to apply manual power | live steam passes from the steam-dome to the 05
15 to start the engine when steam is admitted | steam-chest of the high-pressure cylinder.
first to the high-pressure cylinder only and | B*isthe exhaust-passage of the high-press-
the high-pressure erank happens to be on one | ure cylinder, to the upper end of which is
of its dead-centers. 1 connected the casing E, which is provided
My invention is an improvement upon the | with the curved pipe E’. The upper end of 70
20 invention described in the Letters Patent, | the pipe K has secured thereto the single
No. 435,164, granted to me July 29, 1890; and | arm E? of the forked curved section, the ends
It consists in certain novel features of con- | of the two arms E3 and Ef of its fork having
struction, arrangement, and combination of | secured thereto the two enlarged receiver-
parts, which will be readily undetstood by | pipes E? and ES, respectively, the lower ends 73
25 reference to the description of the drawings ! of which comm unteate, respectively, with the
and to the claims hereinafter given, and in | supply-passages I and [/ , leading to the in-

which my invention is clearly pointed out. terior of the low-pressure steam-chest C? as
I'igure 1 of the drawingsis a vertical trans- | shown in Figs. 1 and 2. | o
verse section through the smoke box of a lo- | - ( is-the exhaust-passage of the low-press- 8o

30 comotive-boiler andthe two steam-cylinders | ure eylinder, communicating at its upper end
of a compound engine illustrating my inven- | with the exhaust-pipe G’, of usual construe-
tion on line 11 on Fig. 2. Fig.2is a sec- | tion. o
tlonal plan of same, the cutting plane being | So farthe construction is the same as shown
on line 2 2 on Fig. 1, the steam-chest and cov- | and described in Iy previously-cited Letters 8s
35 ers being removed. Kig. 3 is a plan of the | Patent, except the casing or chamber E in
forked section of the pipe connecting the high | the pipe, through which the steam exhausted
and low pressure cylinders. Fig. 4 is a plan | from the high- pressure cylinder passes to
~of the converting-valve casing. TFig. 5 is a | reach the low-pressure cylinder, which casing
vertical section on line 3 3 on Fig. 4. Fig. 6 | is made with an open top, to which is bolted go
40 1s an inverted plan of the lower head of the | the casing II, provicded with the inner pend-
converting-valve casing and the inlet-pipe for | ent tubular hub H’, which extends into the
live steam. Fig. 7 is a plan of the intercept- | chamber E, and has its upper end closed by
Ing-valve casing. Ifig. 8 is a vertical section | the dome-like cap 112 The hub II’ is bored
online44on Fig.7. Fig.9isa horizontalsec- | out to form a eylinder having two different g5
45 tiononline 550n Fig. 8 and showing the valve | diameters, the u pper portion H?® being the
In plan, and IFFig. 10 is an inverted plan of the | larger and having fitted thereto the piston I,
upper head of the intercepting-valve casing. | made tubular and provided with the hollow
In thedrawings, my invention isillustrated | stem I/, which fits the smaller bore of the
as applied to a locomotive, only so much of | hub H’, and has secured to its lower end the 100
50 sald engine and its boiler being shown as is | intercepting-valve disk I2, adapted to fit the
necessary to illustrate my invention, but the | seat I1* in the casing E and c¢lose the ex-
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haust-passage from the high-pressure ¢ylin-
der. The piston I and its stem I” are each
provided with peripheral packing-grooves ¢
«, and the stem I’ has formed therein just
above the valve I2a series of radial holes b0,
(see Tigs. 8 and 9,) through which any steam
that enters the interior of the stem I” will es-
ape into the chamber I, and pass thence to
the receivers and the low-pressure steam-
chest when the valve I? is closed upon 1ts
seart.
ing-valve 12is raised or open, as shown in Fig.
3, which position is maintained by live steam
at boiler-pressure acting upon the annular
lower end of the piston I, which steam direct
from the hoiler enters the annular space sur-
rounding the stem I’ through the pipe d and
the passage d’, cast in the hub I1’, as shown in
Kig. S. | |

The interior of the dome-like cap I1*is con-
nected by the pipe e to the interior of the
converting-valve casing J, above the valve J7,
as shown in Figs. 1, 5, and 7. When the up-
ward pressure of the live steam on the piston
I is overcome by the pressure on the top ol
said piston I eaused by the steam which has
passed the converting-valve, the piston I de-
seends and closes the intercepting-valve I°
upon its seat I1*; but the steam above the
piston I cannot enter the receiver until the

piston has descended far enough fo withdraw

the plug 1% formed in one piece with and
pendent from the cap II° from the central
bore of said piston, when the steam enters
the chamber of the hollow piston and stem,
and afteracting upon the increased area due
to the bottom of said chamber to force the
valve for the balance of its movemént with
still greater force, escapes through the holes
b b into the chamber E. This delay of the

steam in entering the chamber K or receiver

is important, for it otherwise might enter the
high-pressure-exhaust passage before the in-
tercepting-valve is closed and thus block the
high-pressure piston, which is just what the
intercepting-valve is intended to prevent.
The object of requiring considerable steam-
pressure on the top of the piston I before 1t
will descend is to prevent steam entering the

receiver, except when it is wanted—that is,

when the high-pressure crank is in a disad-
vantageous position for starting. If the en-
aine does not start promptly by the action of
the steam entering the high-pressure cylin-
dcr, the steam will accumulate above the in-
tercepting-valve piston, press down said valve
till the steam can enter the receivers through

~the holes b b and start the engine by acting

5

upon the low-pressure piston, or the engineer,
by opening the throttle wide enough, can
make sure at will that the intercepting-valve
will close and let steam into the receiver.
The areas for upward and downward press-
ures on the intercepting-valve can be so pro-
portioned with reference to each other that
any desired result may be accomplished.
The intercepting-valve can thus be made to

The normal position of the intercept-
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always or occasionally act—that 1s, it may be

made to aect sensitively or sluggishly, as may
he desired. |

The enlarged central portions of the re-
ceiver-pipes & and E° are surrounded, or
nearly so, with a series of outwardly-project-
ing ribs 7 f for the purpose of increasing the
surface area of said receivers exposed to the
hot gases in the smoke-box and thereby rais-
ing the temperature of the steam contained
therein, and thus increasing the effectiveness
of the low-pressure cylinder.

The intercepting-valve piston bearing 1s
steam jacketed in order to prevent the hot
oases in the smoke-box from having a de-
struetive effect upon the oil with which the
piston and valve-stem are lubricated.

The converting-valve casing J is secured by
means of the flange J* and suitable bolts or
rivets to the exterior of the smoke-box alittle
in advance of the intercepting-valve casing,
as shown in Figs. 1 and 2, and has formed in
its lower end the valve-chamber g and 1n its
upper end the cylindrical chamber i, the up-
per end of which is closed by the head J3 and
said casing is provided with an orifice ¢, Into
which the pipe e is serewed, and also with the
orifice i/, which communicates through the
pipe j with the high-pressure exhaust-passage
below the intercepting-valve I3, as shown in
Fie. 1. The lower side of the converting:-
valve chamber is closed by the head J* hav-
ing cast therewith the elbow-pipe J° and the
valve-seat %, as shown in Figs.5 and 6. 'T'he
converting-valve J’ is secured to the lower
end of the stem J% formed in one piece with
or conneeted to the piston J7, fitted to and
movable vertically in the chamber/tand hav-

ing formed in its periphery a series of annu-

lar packing-grooves ! [ and provided with the
oblique perforations m, as shown in Iig. o.
The orifice i’ opens into the chamber Ziabout
one-fifth (more or less) of thelength of said
chamber from its upper end, and said cham-
ber & has formed therein at that point the an-
nular enlargement n, with which the lower
ends of the oblique orifices m coincide when
the converting-valve and the piston J' are 1n
their raised positions. The portion of the
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chamber 7 that is above the enlargement »n

‘serves as a dash-pot tocushion the piston and

prevent slamming. When the converfing-
valve is lifted Dby the pressure of steam be-
neath it, its upper surface comes in contact
with the seat o, formed on the lower end of
the bearing for the stem J% where it 1s main-
tained until the exhaust-steam from the high-
pressure e¢ylinder, passing through the pipe j
and orifices i’ and m to the upper side of the
piston J7, overcomes the upward pressure on
said valve when it will be forced down upon
the seat k. The converting-valve J’ is raised
by the action of livesteam, which passes from
the steam-supply pipe D through the pipes p
and J% as shown in Kigs. 1 and 2.

The casing J is provided with & vent-hole

| », which communicates with the interior of
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‘the chamber h, as shown in Fig. 2 and in dot-

ted lines in Fig. 5, and said casing is also pro-
vided with a second vent-hole s, which com-
municates at itsinner end with the interior
of the bearing for the stem J% as shown in
Fig. 5.

The stem J° has a portion of its length re-
duced in diameter, as at ¢, so that when the
converting-valve is closed upon its seat « the
steam that is in the chamber above the pis-
ton of the intercepting-valve will escape
through the pipe ¢, chamber ¢, and vent-ori-
fice s to the atmosphere. When the high-
pressure cylinder makes its first exhaust, the
converting-valve is depressed by a portion of
the exhaust-steam passing to the upper side
of the piston J*, as before described, which
shuts oft the supply of live steam to the up-
per side of the intercepting-valve piston, and
simultaneously opens the intercepting-valve
supply pipe to the atmosphere, thus reliev-
ing theintercepting-valve piston of downward
pressure, and enabling the boiler-pressure act-

ing on the annular area of the lower end of

sald piston to raise and open the intercept-
ing-valve. The size of the atmospheric com-
munication can be so proportioned as to pre-
vent the piston slamming in its upward move-
ment, and the size of the pipe supplyinglive
steam to the annular space below said piston
can be such that the valve cannot slam in its
downward motion, as it has to force this
steam back into the boiler. |

The escape of the steam info the atmos-
phere from the intercepting-valve -supply
pipe becomes a tell-tale to the operator, and
shows whether the valves are operating, and

if steam escapes when the engine 1s running |

compound it shows that a leakage 1s occur-
ring either in the converting or intercepting
valve, or in both, from which one can always
judge of the condition of those parts collect-
ively, and thus easily locate the leakage in
detail. As the intercepting-valve 18 held
open at all f{imes when steam 1s up, whether
the engine is working or not, it can be made
to operate vertically, which has never here-
tofore been accomplished. This adds much

to its durability, as its weight does not wear

the piston and stem. As the steam always
keeps it up, it can never jar when the engine
is running without steam or close and batter
itself or close when the engine 18 reversed
when running by the pumpingof airorsteani
and air back into the receiver by the low-
pressurecylinder. Any steam escapingfrom
the vent-hole r shows leakage of the piston J°.

The construction insures the opening of the
converting-valve before the pressure of ex-
haust - steam in the high - pressure exhaust-
passage accumulates above the receiver-press-
ure, and thus relieves the high-pressure pis-
ton of the early back-pressure. The inter-
cepting-valve opens in advance of an accu-
mulated back-pressure on the high-pressure
cylinder to any desired degree. The cover-
ing of the holes b 6 in the lower end of the

tubular stem of theintercepting-valve, agsaid
stem and its valve rises, traps steam within the

plunger, and thus prevents afinal slam. The
opening of the throttle-valve causes steam to
pass the under side of and lift the convert-
ing-valve and then pass to the upper side ot
the intercepting-valve piston.

In operating compound engines it may hap-
pen that when it is desired to start the en-
gine the high-pressure crank is on one of its
dead-centers, and steam acting upon the high-
pressure piston will not start the engine, 1n
which case it becomes necessary to admitlive
steam to the low-pressure engine, which, act-
ing upon the low-pressure piston in theregu-
lar way, will tend to move it and start theen-
oine; but, unfortunately, it is liable, upless
prevented, to flow back through the receivers
and high-pressure exhaust-passage to that
side of the high-pressure piston that will re-
tard or preventits motion. Ilencethe neces-
sity of using a valve in the high-pressure ex-
haust-passage to intercept and prevent such
backward flow of the auxiliary steam. Ifthe
low-pressure crank should happen to be on
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one of its dead-centers, so that the engine '

must be started by the high-pressure piston,
this back-pressure might, in the absence of
an intercepting-valve, or in case the inter-
cepting-valve was too slow in closing, block
the high-pressure piston and prevent the
engine starting, for the auxiliary supply of
steam in nearly all compound engines using
intercepting-valves enters the receivers and
the low-pressure steam-chest whenever the
throttle-valve is open. Now in order to pre-
vent this auxiliary supply of steam from flow-
ing back to the high-pressure piston it 1s nec-
essary that the intercepting-valve should
close in advance of the admission of the aux-
iliary supply of steam, thus permitting the

high-pressure piston to move without resist-.

ance of back-pressure, whether said pistonis
moved by the direct pressure of steam there-
on or by power exerted thereon by its crank
set in motion by movement of the low-press-
ure piston. . _ _

By the construction herein described and
illustrated in the drawings this desirable end
is accomplished. | |

What I claim as new, and desire to secure
by Letters Patent of the United States, is—

1. In combination with the high and low
pressure cylinders of a compound engine,
their steam-chests and steam -passages, a
forked pipe communicating with the exhaust-

| passage of the high-pressure cylinder at the

end of its single portion andatitsforked end
to the low-pressure cylinder and provided
near its connection to the high-pressure cyl-
inder with a suitable annular valve-seat and
an opening above said seat, a valve-support-
ing casing secured to said pipe and closing
said opening, a hollow inner casing or hub
bored out to two different diameters, a hollow
piston and stem fitted to the two bores of
said hub, a valve secured to the lower end of
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| stem I’, the pipe and passage  and
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sald stem in position to co-operate with said
seat tointerceptthe auxiliary steam admitted
to the receivers and prevent 1t passing to the
high-pressure eylinder, a pipe or passage for
ﬂdﬂﬂlhlllu ltve steam to the annular space be-
low said plbt(}ll to foree said piston and valve
upward, a stationary piston or plug fitted to
the bore of said hollow intercepting-valve
piston, and a pipe for admitting live steam to
the chamber above said valve-piston, sub-
stantially as and for the purposes described.

2. The combination of the exhaust-pipe
from the high-pressure eyvlinder provided with
the valve-seat HY, the casing II, having the in-
ner pendent ho]low hub II’ “16 hollaw cap
= provided with the pem’lenb cylindrical plug
11, the hollow or tubular piston I and stam
I’ the radial holes {0 in the lower end of the
’, eom-
municating with the boiler direct,and a pipe
or passage connecting the interior of the
steam-supply pipe with the chamber above
111@ piston 1.

3. T'he (301111)111%1011 with the high and low
pressum cylinders of a compou_nd engine, a
pipe connecting the exhaust-passage of the
high-pressure cylinder with the steam-chest
of the low-pressure cylinder, and an intercept-
ing-valve in the exhaust-pipe, of the high-
pressure cylinder, a converting-valve casing
provided with a valve-chamber and a piston-
carrying chamber, and an upper and lower
valve-seat, a valve secured to the lower end
of a valve-stem, a piston provided with an
oblique perforation and attached to the upper
end of said stem and movable vertically in the
piston-chamber, alive-steam-supply pipe com-
municating \uth the under side of said valve
A pipe or passage connecting the V1lvuohmn~
ber above the valve with the chamber above
the intercepting-valve piston, and a pipe or
passage connectingthe high-pressure exhaust-
passagebelow the 111tereepi img-valve seat with
the piston-chamber of the converting-valve
below the top of the piston when in its high-
est position, whereby the upper portion of

ing-valve J’, the valve-seats £ and o, the
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the piston-chamberis made to serve as a dash-
pot, substantially as described.

4. T'he combination, with the high and low
pressure cylinders of a compound engine, and
a pipe connecting the exhaust-passage of the
high-pressure cylinder with the steam-chest
of the low-pressure c¢ylinder, of the intercept-
ine-valve I*, its seat IH*, the hollow stem I’, and
piston I, the steam-passage d d’, the convert-
alve-
stem J° provided withthe peripheralt grooveor
reduction ¢ the casing J, provided with the
vent-hole s, the pipe e, connecting the convert-
mg-valve chamber with the chamberabove the
1ntermptmgﬁxmlm piston, a pipe for supply-
ine live steam to the under side of the con-
verting-valve, and a pipe connecting the high-
pressure exhaust-passage below the intercept-
ing-valve seat with the interior of the cham-
ber containing the converting-valve piston.

5. The combination, with the high and low
pressure cylinders of a compound engine, a
pipe connecting the exhaust-passage of the
high-pressure cylinder with the steam-chest
of the low-pressure cylinder,and an intercept-
ing-valve in said pipe, of the converting-valve
casing J, provided with the chambers g and
i and the seats & and o, the piston J7, the
stem J' the valve J’, the pipe e, connecting
the converting-valve chamber with the cham-
ber above the intercepting-valve piston, the
pipe 7, leading from the high-pressure ex-
haust-passage below the inte meptin g-valve to
the chamber /i, the pipe p, leading from the
steam-supply pipe to the under side of the
converting-valve, and the vent-orifice 7, ex-
tending from the interior of the chamber /i to
the open air.

In testimony whereolf I have signed my
name to this specification, in the presence of
two subscribing witnesses, on this 27th day of

May, A, D, 1891,

FFRANCIS W. DEAN.
Witnesses: | |
N. C. LOMBARD,

WALTER K. LOMBARD.
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