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Be it known that I, CHARLES A. BALL, a | ordinary single expansion engine in propor-
citizen of the United States, residing in Brook- | tion asits area is greater. But with the ordi-
lyn, in the county of Kings and State of New | nary construction when the engine is operat- 53
s York, have invented certain new and useful | ing under these conditions, the high pressure
Improvements in Compound Locomotive-En- | eylinder is not merely inoperative but actu-
oines, of which the following isaspecification. | ally servesto partially obstruct the operation
This invention relates to locomotive en- | of the locomotive by reason of the compres-
| gines wherein the steam is operated under | sion of the steam therein during the latter 6o
1o double expansion and high pressure and low | portion of each stroke of the piston due to
pressure cylinders. A balanced compound | the outflow of steam being cut off by the
locomotive engine is described and claimed | movement of the high pressure valve thelap
in my Lotters Patent No. 489,917, dated Jan- of which covers and closes the port, usually
nary 17, 1893. Inasmuch asthe heaviest work | for about the last eighth of the stroke of the 65
15 of alocomotive engineisusually performed at | piston. An important feature of my present
the moment of starting it is practically neec- | invention consists in such construetion of the
essary to provide means in connection with | supplemental or starting valve as will pre-
a compound locomotive, for admitting high | vent this compression by opening acommuni-
~ pressure steam directly to the low pressure | cating passage between the opposite ends of 7o
20 cylinder in order to start the engine under | the high pressure cylinder independent of
load, the means usually provided for this pur- | the passage through the usual eylinder ports
pose consisting of a valve for opening com- | and valve.
munication between the live steam passage Acecording to my invention: I so construet
and the valve chest of the low pressure cyl- | the one valve that itserves when opened both 75 -
25 inder. This valve called the starting valve, | o admit high pressuresteam tothelow press-
or supplemental valve, has heretofore been | ure valve chestand to throw the opposite ends
constructed as a puppet valve, and has usu- | of the high pressure cylinder into communi-
ally been located exterior to the steam chest | cation with one another. This communica-
and 80 as to eontrol the flow of steam through | tion is most readily and simply efiected by 8o
20 & branch steam passage. | | opening the main eylinder ports of the high
My presentinvention provides an improved | pressure cylinder directly into the valve chest
construction having reference to the location, | which supplies steam to the low pressure
mounting and functions of the supplemental | valve. B
or starting valve. Instead of constructing it | Havingthus ogiven a general idea of the na- 85
3¢ as a puppet valve I construct it as a piston | ture and prineciples of my invention, I will pro-
valve moving over ports in a cylindrical seat | ceed to describe one embodiment thereof in
or bushing. Instead of locating it exterior | the construction of a compound locomotive
to the valve chest to control a branch steam | engine, the same being to the best of my
pipe, Iarrangeit within the valve chest where | present knowledge the preferred construction go
10 it isin communication through suitable ports | in which my invention may be embodied.
with the live steam passage and with the Referring totheaccompanying drawings,—
valve chest. - ' Figure 1 is a side elevation of the forward or
Heretofore in compound locomotives the [ engine part of a locomotive, the particular
starting valve had the sole function of ad- | type of locomotive here shown being a rapid 95
45 mitting high pressure steam to the low press- ' transit or elevated railway locomotive. The
“ ure valve chest. When this valve is opened | cylinders and valve chest are shown in verti-
the high pressure eylinder becomes inopera- | cal section and certain parts of the locomo-
tive sinee high pressure steam is admitted to | tive are broken away to more clearly 1llus-
opposite ends thereof thereby putting its pis- | trate other parts peyond them. Fig.2 is a 100
sotton in equilibrium, so that the locomotive is | plan of the same locomotive with the boiler
" propelled solely by the low pressure piston, | removed, the view being partly in horizontal

To all whom ©t may concern: ! the power of which is greater than that ofan.
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section through the axes of the ecylinders

- Fig. 3 18 a transverse section in two differ-
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ent planes denoted by the line 3—3 in Fig. 2.

il

Fig. 4 is a fragmentary longitudinal mid sec- |

tion through the valve chests,on a largerscale.
Fig. b 18 a fragmentary transverse section on

the same scale cut in the plane of the lines

5—5 in Figs. 4 and 6. Fig. 6 is a horizontal
section through the valvechests in the plane
of the lines 6—0 in Figs. 4 and 5, and show-
ing the starting valve closed. Fig. 7 isa du-

plicate of the right hand half of Fig. 6 except

that the starting valve is shown open. Tig.
8 18 a fragmentary elevation viewed from the
opposite side of the locomotive from that
shown 1n Fig. 1, showing the valve gear for
operating the starting valve. FKig. 9 illus-
trates a detail of this valve gear on a larger
scale. |

The general construction of the compound
engine is substantially the same as thatshown
in my said patent. ILet A designate thehigh
pressure cylinder and B the low pressure cyl-
inder, the latter being by preference arranged
in front of the former, and with its center
sufficiently near the center line of the loco-

motive to enable the piston rod b of the low |

pressure cylinder to pass alongside of the
high pressure cylinder, as shownin the lower
side of Fig. 2. The piston rodsa b of thetwo
cylinders are fixed to cross heads in the usual

manner, and to these cross heads are coupled

connecting rods C C” respectively, which en-

gage with erank wrists or studs ¢ ¢’ respect-

ively on the main driving wheels.
On top of the cylinders A B are arranged

valve chests A’ B/, in which work the valves |

A* B*for the high pressure and low pressure
cylinders respectively. These valves are
driven by valve rods e e’ respectively, which
pass out through stuffing Dboxes at the rear
end of the chests, and are connected toalink
motion, or any other suitable valve gear. 1In
the construction shown the two rods are both
jointed to the upper arm of the usual rock
lever II of the valve gear, the lower arm of
which is pivoted to the sliding block of the
link D, which link is connected as usual by

eccentrie rods to the two eccentrics (see Fig.

1). The link 1s raised or lowered to deter-
mine the direction of running and the point
of cut off, by being connected in the usual

“manuer by a counecting bar to an elbow le-

55
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ver I' on the “lift” or reversing shaft, which

is connected by a bar g to the usual reversing

lever or control lever G in the cab.

Steam 18 taken from the boiler in the usual
manner through a pipe 1’ (Fig. 1), which
branches into two pipes I I (Figs. 1, and 3)
leading through the smoke box and commu-
nicating with steam passages I* I? (I'ig. 2,
one being shown in section in Fig. 3) formed

‘through the respective ¢ylinder half saddles

J J, of each of which saddles the two eylin-
ders A B on the same side form integral parts

in the construction shown. Each steam pas-

|

tin the valve chest A’.

chest A’ of the high pressure eylinder, open-
ing in communication with the high pressure
valve A% In the preferred construction
shown this valve 18 a balanced piston valve,
and the low pressure valve B* i an ordinary
slide valve, preferably balanced, but the con-

struction of the valves may be greatly varied

within the scone of my invention. In the
construetion shown, steam from the passage
I* enters through a communicating port<into
and around the middle groove of the valve
A*, and when this valve is carried to either
side by the valve gear the steam enters one
of the cylinder ports m leading to the high
pressure cylinder, while the exhaust there-
from escapes through the other port m into
the interior of thevalve chest A’ (Fig. 4) from
which it flows through a neck or ecommuni-
cating passage 4 into the cavity of the valve
chest 3", where it is controlled by the low
pressure valve D? which directs it through
one of the cylinder ports n of the low press-

| ure cylinder, the exhaust from which escapes

through the other port n, through the valve
B¢, and tnence through an exhaust port o
(Fig. 4) and exhaust passage o’ (Fig. 2) into
the exhaust nozzle & (Fig. 1) which discharges
beneath the stack in the usual manner. The
operation thus deseribed is that which takes
place when the engine is running under nor-
mal condition as a compound engine. The
pistons of the two cylinders move simul{ane-
ously in opposite directions, and exert con-
trary and equal thrusts against the erank
wrists ¢ 7.

For admitting high pressure steam into the
low pressure cylinder in order to start the
locomotive, a supplemental valve or starting
valve I’ is provided. This valve is of novel
construction and arrangement, being placed
wholly within the valve chest or chests and
communicating through an internally con-
structed port with the live steam passage 1%
The valve P is constructed preferably as a
hollow piston, being in fact an elongated tube
which 18 suitably connected to the valve rod
P’, which passes out through a stuffing box
The valve I slides in
a cylindrical bushing p constituting the valve
seat or cage. This bushing is open at both
ends to the interior of the valve chest, and
the valve P is also open at both ends. In the
bushing -p are formed ports or openings ¢’
communicating with the live steam passage

I*and m’m’ ecommunicating with the respect-

ive cylinder ports m m. According to the
preferred construction the respective port
communications are effected through the me-
dium of an inner shell Q, technically called
the “cage” which is fastened in place within
the valve chest A" and through which are
formed the steam port ¢ already referred to,
leading to the middle of the high pressure
valve A% and ports m? m? extending between
the portsm of the cylinder and the communi-
cating ports in the bushing of the high press-

sage I* Jeads as usual (see I'ig. 3) to the steam | ure valve. The transverse section through
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the other ports being of the same shape.

Such an inner shell is not in itself new, hav-

ing been before used in connection with a
piston valve for effecting the port communi-
cations between its bushing and the steam
ports cored in the cylinder casting; but by a
modification of the shape of this inner shell
I adapt it to serve also as a support for the
supplemental valve bushing p and for effect-
ing the requisite port communications be-

- tween the latter and the ports I2, m and m.

20

_25

To this end I form the inner shell Q with an
enlargement or bulge on one side sufficient
to surround the bushing p at a little distance,
as clearly shownin Fig.5. Thesupplemental
valve P isthus located to one side of the main
steam valve A®sothatit does not obstruct the

~main passages ¢ and m? leading to and from
‘this valve. At the same time the bulge or

enlargement in the inner casing is formed so
low down as to come beneath the low pressure
valve rod ¢’,so that this rod has free passage
through the valve chest A’ outside of the in-
nershell Q,as elearly shown in Fig. 5. By this
construction of the innershell theintervening
ports or steam passages 2, m* m? are extended
to one side and.carried into communication

~ with the corresponding ports 2’ m’ m’ in the

30

supplemental valve bushing p. The valve P
18 preferably of the construction shown in

- F1gs. 6 and 7, so that when in its mid position
. as shown in Fig. 6, its solid portions close the

'35

40

5C
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- P are connected by their rods P’ to arms S S

respective ports in the bushing, and prefer-
ably the valve isprovided with packing rings
which in this position stand on opposite sides

~of the port openingsand prevent any leakage

of steam between them and the interior of
the valve or valve chest.
able to either side from this mid-position to
open 1t, and when so moved, as shown for ex-
ample in Fig. 7, one of its ends uncovers one
series of ports m’” while the other series of
ports m” and ¢’ are uncovered by port open-
ings p” p’ formed through the valve T, so
that steam may pass through these openings
into the interior of the valve and thence com-
municate with the valve chests A’ and B’.
It will be understood that these two valve
chests are essentially one, being connected
through the communicating neck or passages
7, 8o that- the same steam pressure exists in
both. | |

The supplemental valves P P may be op-
erated in any suitable manner, either by be-
ing provided with a separate operating han-
dle, or by being automatically connected with

the main valve gear in the manner described
and eclaimed in my application for

patent
filed January 16, 1593, Serial No. 458,442. In

the construction shown (see Fig. 8) the valves

projecting from a rock shaft S’ having an

- upper arm 3° which is connected by a tappet

rod s with some suitable part of the valve
gear, preterably the link lifter F, through a

shoulders on the cylinder, the
of the spring is exerted to hold the arm S8

The valve is mov-.

‘the middle port 1 18 clearly.shown. ir_i Fig. 5, | pet blocks { # are- fixed on the rod s at suit-

able distances on opposite sides of block T
mounted on the lever F and through which
the rod s freely passes. The tappets are set
far enough apart so that they are not struck
by the block T in any position to which the
valve gear is thrown by the reversing lever

G in ordinary running, but upon carrying

this lever beyond the normal position and to
i1ts extreme position to either side the block
I strikes one or other of the tappets and con-
sequently through "the intervening parts,
moves the valve P in one direction or the
other from its mid position, thereby open-
Ing it. For restoring the valve P upon its
release by the tappet mechanism, and to nor-
mally hold the valve P firmly in its mid po-
sition, a double acling spring device U is pro-
vided. The preferred construction of this
is shown in detail in Fig. 9. To either arm
S or to any other conveniently located arm
attached to the cross-shaft 8’ (aseparate arm
S° being preferably provided) is eoupled a rod
g which passes freely through. two pistons
or disks r ' between which is a spring s’
tending to press them apart, while they are

normally held seated against shoulders or
stops formed at opposite ends of the cylin-

drical casing U. The rod ¢ has shoulders
formed preferably as nuts v ' engaging the
opposite or outer sides of the pistons r .
As these shounlders normally engage the op-
posite sides of the respective pistons, while
the latter are in engagement with the stop

whole tension

and consequently the valve P in mid position.

When the valves are thrown {o either side by

the tappet mechanism the rod ¢ forces one of
the pistons » 7’ toward the other and thereby
compresses the spring s’, and upon the re-
lease of the tappet mechanism the spring by
reacting against the stationary piston presses
the displaced one back to place and thereby

| forces the rod g and.through the intervening

mechanism the valves P back
sition. | | |

By my improved construction of the start-
ing valve not only is it muech more conven-
lently and safely located and its connection
with the live steam
made, but the important advantage is intro-
duced of wholly freeing the high pressure

to the mid po-

piston from any retarding influence save that, -

of friction during the time that the starting
valve is open, there being no compression of

steam in the high pressure eylinder toward:

the end of the stroke of its piston notwith-

standing that the lap of the high pressure .

valve by which such compression has hereto-

fore been caused remains unaltered, but on

the contrary free communication is afforded

between the opposite ends of the kigh press-

ure cylinder so that steam may flow from

either end through the eylinder port m, the
communicating passage m* and port m’ into

suitable tappet construction, As shown, tap- i the valve P and back {hron gh the other port

vl

passage more readily
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- of each stroke. During the remainder of the
. stroke thel‘EﬂIS free communication _th!‘ﬂﬂgh
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A% While the starting valve I’ is open the
live steam at boiler pressure flows from the
 steam passage I* through the communicating:
' passage or port ¢ and port 2" and the corre-
‘sponding valve port p’ to the interior of the
valve P'and thence to the interior of the
" valve chest A’ and through the neck j to the
. valve chest B’. The communieating ports 2"

~ p’ need not have sufficient area to carry the
entire supply of steam for operating the low
pressure cylinder, since steam is also su pplied:
thereto at hich pressure through the high
pressure valve and eylinder. .
- It may sometimes be desi able, especially
in climbing heavy grades, to increase the
power of the engine without materially 1mn-.
pairing its balance and without throwing the
. reverse lever toits extreme position. 1 there--
~ fore provide means for enabling more or less.
~high pressure steam to be admitted to the:
low pressure valve while the engine is run-.
- ‘ning under cut off. Todo this it isonly nec-
 essary to open or partially open the valve I
without displacing the main valve gear from-

its normal position in running under cut oiL.
For this purpose I provide, as shown in Fig.
1, an operating rod w jointed to the lever
arm S? and extending thence back into the
cab and terminating in a handle within reach
of the engineer by means of which he can at
any time pull open the starting valve enough
to admit live steam temporarily in greater or

less volume direct to the low pressure valve.

A practical advantage of the construction
of the separate cage or inner shell @ carry-
ing the bushings or seats for the valves A*
and P is that by providing for each locomo-
tive a duplicate set of these inner shells and
valves the one set can be easily and quickly
substituted for the other by opening the
valve chest and disconnecting the valve rods
in case the valves get out of order, so that
the valves can be repaired or new bushings
fitted while the locomotive continues in use.
By placing the supplemental valve in the
valve-chest its lnbrication is easily provided
for since it is not exposed to excessive heat,
as is the case when such valves are placed in
the saddle or smoke boX.

In order to supply the vacuum which tends
to form when an engine continues running
after steam is shut off, as occurs for example
in descending a grade, it is eustomary to pro-
vide locomotives with relief valves opening
into the valve chests of the respective cylin-
ders, such valves consisting of check valves
opening inwardly, so that when a vacuum

m’, passage m? and cylinder port 2 to the op- |
posite end of the cylinder. This communi--
cation remains constantly open during the |
‘time that the valve P is in its open position,
‘although the need for this communication ex- |
ists only during the last eighth or thereabout

 the action of the main high pressure valve:|

521,254

P umped through the cylinders in lieu of-

steam and discharged through the exhau £ NN
“apply this relief valve lettered R on top of

nozzle. With my improved construction 1

the --cyl-inderfca_s_tiugittj_oue; side of the valve :
chest A’ where it willadmitairinto the steam

passage T, as shown in Figs. 3 and 0. Ttis
| understood that in cutting off steam the re-

75

versing gear should be thrown entirely over '
~while the engine continues running in order

It will be obvious

plemental valve, nor to the particunlar means
for operating it, although I desire to make
specific claims to these specific constructions,

With reference to my broader or more ge-
neric claims, it is to be understood that any
substantially equivalent valve construction
known in the art may be substituted for the
specific construction shown. |

Of the many valve constructions known to
steam engineers, comprising plug valves, pis-
ton valves, rotary valves, puppet valves, &c.,
I have selected as being the best adapted to
the purpose and most practical, a tubular pis-
ton valve working longitudinally in a tubu-
lar ported bushing constituting essentially
the valve seat. 'This is to be understood as
being one example or embodiment of my in-
vention, and not as being the only means by
which it may be carried into effect. The con-
struction shown constitutes the preferred
means, being as I believe the best construc-
tion by which the essential principles of my
invention may e reduced to operative mech-
anism.

I am aware that a starting valve for com-
pound locomotives has been made which has
the effect of affording a restricted passage
through which a limited amount of steam
may wire-draw from theinlet-portot the high-
pressure cylinder to the exhaust-port thereof

and thus to the steam-chest supplying steam-

to the low-pressure cylinder, in order that
enough steam may thus leak past the high-

occurs air is drawn in from outside and is i pressure cylinder at starting to supply the

to open the supplemental valve 1. It then
results that the air drawn in through the re-
lief valve R flows partly to the highpressure
valve A? from which it is pumped through
the high pressure cylinder and exhausted to.
‘the low pressure valve, and partly to the valve
P by which it is admitted directly info the
valve chest to supply the suction created by
the low pressure cylinder. Should the engi-
neer fail to throw his reversing geartoitsex-
treme position the low pressure eylinder will |
run under the retardation of the vacuum
| caused by the rarefying of the air exhausted
from the high pressure. cylinder to the in-
creased volume demanded by the low press-
SUre -Gylin.dm‘i.= o S A -

R0 B

00

| W to any skilled mechanie
that the practical details pertaining to my
present invention may be greatly varied with-
out departing from the essential principles"
of operation introduced by my invention.
For this reason I do not desire to limit my-
self to the particular construetion of the sup-
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low-pressure cylinder, and render the latter
active at the first stroke in order to gain
power enough to start the engine and train.
Thus the engine at the first stroke operates
under the same dynamic conditions as a ¢om-
pound engine, although the steam supplied to
the low-pressure ceylinder is live-steam at re-

duced pressure, instead of steam exhausted-

at a similar reduced pressure from the high-
pressure cylinder. In such an engine both
cylinders are utilized in starting, and the
high-pressure piston is not placed in equilib-
rium. By myimprovementthe communicat-
ing passage opened by the starting valve 1s

of such large area 2s to establish a free com-

munieation between opposite endsof fthe high-

pressure cylinder thus putting its piston in

equilibrium so thatit becomes powerless, and
turningthe entire boiler pressureintothe low-
pressure cylinder so that its piston acts as a
single high - pressure piston of abnormally
large area,and exertsa thrustfor starting the

~ train that is much greater than the combined

30

35

10

thrusts of both pistons when the engine is
working as a compound engine. My locomo-
tive has thus a greater starting power than
one constructed according to the system re-
ferred to. | |

I claim as my invention the following-de-
fined novel features, substantially as herein-
before specified, namely: |

1. In a compound engine, the combination
with the high and low pressure cylinders and
valves, of a supplemental valve and ports
controlled thereby communicating with the
opposite ends of the high pressure cylinder,

the valve and ports relatively constructed ;

and arranged and of such large area as when
the valve is open to establish free communi-
cation between the opposite ends of the high
pressure cylinder, whereby to put the high
pressure - piston in equilibrum and admit
high pressure steam to the low pressure cyl-
inder. | -

2. In a compound engine, the combination
with the high and low pressure cylinders and
valves, of a supplemental valve and ports
controlled thereby communicating with the

- opposite ends of the high pressure cylinder,
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and the live steam passage, and the valve
and portsrelatively constructed and arranged
when the valve is open to establish commu-
nication between said ports respectively and
the live steam passage, and thereby to put

the high pressure piston in substantial equi-

librium with the full live steam pressure on
opposite sides thereof. - |

3. In a compound engine, the combination
with the high and low pressure cylindersand
valves, of a supplemental valve and ports
controlled thereby communicating with the
live steam passage, the low pressure valve,
and the opposite ends of the high pressure
cylinder, the valve and ports relatively con-
structed and arranged when the valve is

I

|

pressure valve and establish communication

between the opposite ends of the high press-
ure eylinder. - |

4. In a compound engine, the combination

with the high and low pressure cylinders and

valves, of a supplemental valve and ports

controlled thereby communicating with the

live steam passage, the low pressure valve,
and the opposite ends of the high pressure
cylinder, the valve and ports relatively con-
structed and arranged when the valve 1S
open to establish communication Detween
said ports respectively, and thereby admit
live steam to the low pressure valve, and to

both sides of the high-pressure piston, and

put the latter in substantial equilibrinm.

5. In a locomotive engine, the combination
with the eylinder, valve, and valve-chest, of
a supplemental valve inclosed in the valve-
chest, consisting of a hollow movable valve
working in a seat, said seat having ports com-
municating with the opposite ends of the cyl-

‘inder, and the valve constructed in its open

position to establish communication between

said ports, whereby to put the piston moving

in said eylinder in substantial equilibriam.
6. In a locomotive engine, the combination

with the cylinder, valve, and valve-chest, of

a supplemental valve inclosed in the valve-
chest, consisting of a hollow movable valve
working in a seat, said seat having ports or
openings communicating with the interior of
the valve-chest and with the opposite ends of
the cylinder, and the valve constructed in its
open position to open communication between
said ports respectively, whereby the opposite
ends of the cylinder are connected with each
other and with the interior of the valve chest.

7. In a eompound engine, the combination
“with the cylinders, valves and valve chest, of
a supplemental valve inclosed in the valve

chest and movablein a seat,said seat having
a port communicating with the live steam
passage, whereby when the valveis moved to
its open position the said port is opened to the
valve chest and whereby the supplemental
valve is readily accessible and removable by

| opening the valve-chest,and is protected from

excessive heat. S |

3. In a compound engine, the combination
with the eylinders, valves and valve chest, of
a supplemental valve inclosed in the valve
chest, consisting of a movable cylinder hav-
ing ports communicating with the valve chest,
and a valve seat therefor having ports com-
municating respectively with the live steam
passage and the opposite ends of the high
pressure cylinder.

9. In a locomotive engine, the combination
with a cylinder and live steam passage and
valve chest and valve, of an inner shell in

said chest having ports communicating be-

tween the ¢ylinder ports and valve ports, and

a supplemental valve working through said

inner shell and adapted to establish commu-

open to admit live steam directly to the low | nication between the ports thereof communi-
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cating with the cylinder ports whereby to
throw the opposite ends of the cylinder into
communication with one another. -

10. Inalocomotive engine, the combination
with the cylinder, live steam passage and
valve chest and valve, of an inner shell in
sald chest having ports communicating be-
tween the eylinder ports and valve ports, and
formed with a sidewise extension to receive
a supplemental valve, and a supplemental
valve working therein and adapted to estab-
lish eommunication between the ports thereof
commuiicating with the eylinder ports,where-
by the supplemental valveis arranged to one
side of the main steam passages communicat-
Ing between the main valve and cylinder.

11. Ina compound engine, the combination
with the cylinders, valves and valve chest of
a supplemental valve inclosed in the valve
chest and an inner shell in said chest inclos-
ing the high pressure valve and said supple-
mental valve and formed with ports commu-
nicating between the eylinder ports and live
steam passage on the one hand, and the ports
controlled by the respective valves on the
other hand. |

12. Inacompound engine, the combination
with the cylinders, valves and valve chest, of
an inner shell @ within said chest having
ports m* m* communicating with the ¢ylinder
ports and the port « communicating with the
live steam passage and inclosing the high
pressure valve, and the supplemental valve P
formed as a movable piston working through
sald shell and having ports for communicat-
ing with the ports therein whereby in one
position to close ecommunication therewith,
and 1n another position to open communica-
tion therewith and thereby admit live steam

into said chest and establish communication

between the high pressure eylinder ports.
18. Inavompound engine, the combination
with the e¢ylinders, valves and valve chest, of
a supplemental valve P inclosed in the valve
chest, a bushing p therefor formed with ports,
and an Inner shell Q in said chest inclosing
the high pressure valve and said supple-
mental valve and formed with ports eommu-
nicating between the cylinder ports and live
steam passage on one hand and the ports con-
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trolled by the high pressure valve and the
ports in said bushing p controlled by said

valve P on the other hand.

14: In a compound engine, the combination

with theeylinders, valves and valve chest, ofa 55

supplemental valve P inclosed in the valve
chest and constructed as a tubular piston
movablelongitudinally parallel with the main

valve and having arod P’ passing out through

the stuffing box in the end of the chest, and
ports controlled by said supplemental valve
communicating with the live steam passage
for admitting high pressure steam to the low

pressure valve. |

15. In a compound engine, the combination

with the eylinders, valves and valve chest, the
low pressure valve rod e’ being extended
through the valve chest alongside of and ex-
terior to the high pressure valve, of a supple-
mental valve P arranged beneath the low
pressure valve rod, and an innershell Q with-
in the valve chestinclosing the high pressure
valve and said supplemental valveand formed
with a sidewise extension beneath the low
pressure valve rod for surrounding said sup-

plemental valve, whereby the low pressure

valve rod is extended exterior to said inner
shell. |

16. In a compound locomotive engine, the
combination with the cylinders, valve chests,
valves and valve gear, of supplemental or
starting valves P inclosed in the respective
valve chests and means for operating them
consisting of a cross shaft S” baving arms S
connecting with the valve rods of said valves,
and an arm S° a tappetrod s connected there-
with and having tappets engaged by someo
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part of the valve gear and arranged to be

displaced when the reversing gear is puf to

| its extreme position in either direction, and

a spring centering device U for restoring the
valves after displacement to their mid posi-
tion connected to said shaft.

go

In witness whereof I have hereunto signed

my name in the presence of two subscribing
witnesses.
CHARLES A. BALL.
Witnesses:

ARTHUR C. FRASER,
GEORGE H. FRASER.
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