Sheet I.

7 Sheets

Patented Aug. 16, 1892,

J. PLAYER.
COMPOUND ENGINE,

No. 481,056.

(No Model.)

V%mm

A

=1
INVENTOR

\ g
A
ot Y
S
1
E_ ==
|2
.\ ———
L
-
E--{y«;_--:-_:-
ot B

Zy Ais u‘Zttorn,eg3

~~ _
! ' :
N piv BN o T
\\\\\ = RN = - _
1~ SN 3 T "
/Z L /// K\,._T ““ . |
i K \\ - 2 /z/ T _~_ nlym
7 N et
i
' { o i ,/_rd\ D" R
D S Sl \ m

1%

1‘_‘1‘\

]

. 9 !
|

o

ik
B | A
FIG.2

THE HORRIS PETERS CO., PHOTO-LITHO., WASHINGTON, D, C.

— £

Y VIS Y W
L L. *

lm/

WITNESSES :

o




Sheet 2.

7 Sheets

FIG.3.

Patented Aug. 16, 1892,

J. PLAYER.
COMPOUND ENGINE.

.

i
i
¥
H
i
)
i

by his Attorneys

Frencrur G

No. 481,056.

(No Model.)

L=

‘WITNESSES :
aov.
v/

B

THE NORRIS PETERS 0., PHOTO-LITHO,, WASHINGTON, D. €




(No Model.)

No. 481,056,

WITNESSES :

AN\ ST T
§§@§§§\@@$ﬁkﬁ%7§§§
--------- (== "t
% I T %

7 -1 701 4] ds - lg@a

o ANl
\\“‘\‘{{i%/%&

7 Sheets—Sheet 3. ° |
J. PLAYER. '

COMPOUND ENGINE.
Patented Aug. 16, 1892,

FIG.7.

L=

7
| B At\ :

7 .

AN

\\\}/5% %/}%///////////7//7//
N 7y 2
: .%\

Nl N&A

F

SANNNNTRY,

SRR
NN

s
=

D——
\'_!'

NN

%

ANANRNNNNY

INVENTOR

i Wgﬁ

S

5.7 his Sttorreys .
Frvoort X %Wn?




(No Model.) 7 Sheets—Sheet 4.
J. PLAYER. _ :

. COMPOUND ENGINE.
No. 481,056, ~ Patented Aug. 16, 1892,

N

----------- n B
\§////
*\ , \\\ \i\\\\

] YT /W

\\\\\\\\'l'/%//f/

\\\ B \\m
—\\ 4/ .

1 I
S\ E =
"7/

l\li\§ // u / \\
\\\\\\\\ \\\\ \:}' //}' % {___
nm-nn %mﬁ :

\

e
\\\\\ | %

\\ ;"R :
:\§\\>/| /////}\‘»)\}}\ DT

= i/&

\\

WITNESSES : INVENTOR

.
?&anz { Tz e Zy ks \ﬂt?:orrz,ey-s

%WW Y%Md)«(

iORRIS PETERS €O., PHOTO-LITHO., WASHINGTON, D. C.




(No Model.) _ ' 7 Sheets—Sheet 5.

J. PLAYER.
COMPOUND ENGINE.

No. 481,056, Patented Aug. 16, 1892,

N Xy /2
U

o, [
NN N \/// > £
il
N 7Aann \\ N |
N T T P | ‘
. %?® BENIRRL ’
NN\ s ot 77 SN
R
NV %§
FIG. 10 )
T A F
. =
— 2, F
______ 20, 3. \\\\::‘\
Y| £
N3
7 S \1 7
ql ,, % 57 ot ‘\_\/g 51 /)
D ; .554 .
H / 3 = ‘\ \
7 i)
FiGc.11.
WITNESSES : INVENTOR

aw.%,w;% e
gw A N mf/}/ Z\y s ﬂﬁorrmy&

Aowreres K T,




(No Model.)

7 Sheets—Sheet 6.

Patented Aug. 16, 1892,

FlG.13.

J. PLAYER.
: COMPOUND ENGINE.
- No. 481,056.
FIG.{2.
S
:"_':' v H
""" A6 o
o pummgl
et (14 9y
:/5 .
X Za ////////

IIZI\

\“\\
r';z oy |

, \//I
"\% a
F

WITNESSES:

&v,w

///%/ %/////

(R ey N\
\\Q;E,%%%%\\?‘

-." : : G -—‘
\\\ ‘
\\\\\ —-’%ﬁ%%% 2

INVENTOR

Q/m P

Z\y?zx}s’ \/thornoys
%mm%%wq v




(No Model.)

No. 481,056.

FIG.45.

WITNESSES :

N

' 7 Sheets—Sheet 7.
J. PLAYER. ‘

COMPOUND ENGINE. ;
Patented Aug. 16, 1892,

£ >,
2o. N NE
B
b ) N /2 £ )
7, o N |
MY E.
A9 |l
4 N
Ly NN
20 /5NN NN =
2
g
0,

/92

INVENTOR

N s

éy kus ﬂ%fﬂqé’

HosoTorn v %Ma;,‘




10

15

20

25

30

35

40

45

50

UNITED STATES

PaTeENT OFFICE.

JOHN PLAYER, OF DUNKIRK, NEW  YORK, ASSIGNOR TO THE BROOKS
LOCOMOTIVE WORKS, OF SAME PLACE.

COMPOUND ENGINE.

SPECIFICATION forming part of Letters Patent No. 481,056, dated August 16, 1892,
Application filed February 24, 1892, Serial No,422,630. (No model.)

To all whom it may concern.:

Be it known that I, JOHN PLAYER, a resi-
dent of Dunkirk, Chautauqua county, New
York, have invented eertain Improvements
in Compound Engines, of which the following
is a specification.

My invention relates to compound locomo-
tives or other engines of that type in which
for the purpose of obtaining full power at
starting high-pressure steam is employed in
both cylinders simnltaneously, that portion
which is admitted to the large or low-press-
ure cylinder being automatically reduced in
pressure and controlled at such pressure that
the mean effective pressure on both sides of
the engine is equalized or regulated in any de-
sired ratio.

The objects of my invention are, first, to
automatically reduce the pressure of the live
steam admitted to the large or low-pressure
cylinder, so that the mean effective pressure
on the large or low-pressure piston at start-
ing may be equal tothaton the small or high-
pressure piston or beregulated in any desired
ratio, and to antomatically regulate this sup-
ply of live steam at reduced pressure to the
low-pressure cylinder and to prevent this
pressurefrom working against the back of the
small or high-pressure piston; second, to auto-
matically cut off the supply of live steam to
the low-pressure eylinder at a period when
the pressure in the high-pressure side of the
receiver is the same as that on the low-press-
ure side and to simultaneously open connec-
tions between the two ends of thereceiver, so
that the exhanst-steam from the high-press-
ure cylinder may flow direct through the re-
ceiver into the low-pressure steam-chest and
act upon thelow-pressure piston; third, to pro-
vide means whereby the engine-man can at all
times obtain complete controlof theengine in
the same manner as a simple engine when
switching, running onto turn-tables, into en-
gine-houses, and in all cases where itis neces-
sary to move the engine only a short distance.
These objects I attain in the following man-
ner: First, by introducing into the receiver-
pipe or steam-passage between the high and
low pressurecylinders a combined admission,
pressure-regulatling, and intercepting-valve,
which immediately upon opening the throttle-

valve or regulator admits live steam at re-
duced pressure to the low-pressure cylinder,
this pressure being regulated in such ratio as
desired, the intercepting-valve at the same
time automatically closing, preventing the
live-steam pressure from working against the
high-pressure piston, the reducing-valve re-
maining open until snch time as the pressure
in the receiver-pipeon the high-pressure side
of the intercepting-valve becomes equal to or
slightly in excess of that on the low-pressure
side, when, secondly, the pressure-regulating
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valve automatically closes and the intercept- -

ing-valve opens simultaneously, the first cut-
ting off the supply of live steam to the low-
pressure cylinder and the second opening
connection between the two ends of the re-
ceiver and allowing the high-pressure ex-
haust-steam to act directly on the low-pressure
piston and at the same timelocking the press-
ure-regulating valve upon its seat and pre-
venting the further admission of live steam
tothelow-pressurecylinder. These valvesre-
main in this position during the time the
throttle-valve is open, but are automatically
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opened as soon as the steam is shut off, and ~

remain so until the throttle is again opened,
when the above-described operations are re-
peated.

The subject-matter is hereinafter specifi-
cally designated, and clearly set forth in the
accompanying drawings, which show so much
of a locomotive-eéngine embodying my im-
provements as is necessary to illustrate the
subject-matter thereof. Some of these im-
provements may be used without the others
and on machines differing somewhat in their
details of construction from those herein
shown, and they are equally as applicable to
stationary and marine engines as to a loco-
motive.

Figure 1 is a transverse sectional view

through the high and low pressure cylinders,
steam-chests, smoke-box, receiver, intercept-
ing-valve, and pressure-regulating valve, and
connected parts, showing intercepting-valve
located in the smoke-box. Fig. 2 is a plan
view of the high and low pressure ¢ylinders.
Fig. 3 is a longitudinal sectional view taken.
partly through the low-pressure ¢ylinder and
through the smolke-hox,showing the rsceiver-
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pipe and intercepting-valve located therein.
This view also shows the controlling-valves.
Figs. 4, 5, and 6 show the controlling-valves
in different positions. These valves are con-
nected to a suitable lever in the cab. Figs.
7,8, and 9 show the intercepting-valve and
pressure-regulating valve in detail in differ-
ent positions. Figs. 10 and 11 illustrate a
modification of the combined valves. Figs.
12 and 13 show a modified form of pressure-
regulating valve. Fig. 14 is a view showing
another modification of theintercepting-valve
and pressure-regulating valve. Iigs. 15 and
16 show a form of intereepting-valve when
used without the pressure-regulating valve.
Fig. 17 is an enlarged view of the check-valve
shown in Fig. 7.

Parts not specifically described herein are
of ordinary and well-known construection.

Referring to Figs. 1, 2, and 3, A is the small
orhigh-pressurecylinderandsaddle,and I the
large or low-pressure eylinder and saddle, of
acompound engine,arranged on oppositesides
of the locomotive and connected together in
the manner as c¢ylinders of single-expansion
engines.

A’ and B’ are the steam-chests of the re-
spective eylinders.

C is the smoke-box.

D is the receiver-pipe and superheater, lo-
cated in the smoke-box and connected at one
end to the exhaust-port of the high-pressure
eylinder through the passage D’ and at the
other end to the admission-ports of the low-
pressure steam-chest through the passage D2
These passages D’ and D? are purposely en-
larged to the full area of each cylinder-saddle
in order to obtain the greatest amount of re-
ceiver capacity possible.

E is the intercepting-valve. Its casing F
in the present instance is located in the re-
ceiver-pipe D. The valve closes against a
seat E'. ‘

(+ is the pressure-regulating valve, and IT
is its casting. The valve G works within the
intercepting-valve E.

J is the high-pressure steam-pipe, connect-
ing with the T-head L, through which high-
pressure steam is admitted to the pressure-
regulating valve G.

K is the steam-pipe,connecting with the T-
pipe I, through which steam is admitted to
the high-pressure steam-chest A’

M is the exhaust-pipe, connecting with the
exhaust-passage M’ in the low-pressure cyl-
inder-saddle.

TFigs. 4, 5,and 6show the controlling-valves,
by the use of which the engine-man is en-
abled to control the movement of the engine
the same as a single-expansion locomotive.
These valves P’ and Q' are ordinary flat
valves working in their respective easings P
and @, operated by the slotted rods R and S,
connected to a suitable lever in the cab by
the lever T, and having the inelined slots R’
and 8/, arranged as shown in the drawings.
The valve P’ is attached to the bottom of the

reeciver I’ on the high-pressure side and
the valve Q' is attached to the bottom of the
receiver D? on the low-pressure side of the in-
tercepting-valve.

Figs. 7, 8, and 9show an intercepting-valve
E, with its seat E’ and easing F, which has
working within ita pressure-regulating valve
G in its casing or chamber H, to which is eon-
nected the high-pressure steam-pipe J.
intercepting-valve is shown of the disk type,
with an annular projection 1, forming a bal-
ancing device fitted with packing-rings2 and
having slots or passages 3, through which the
reduced high-pressure steam passes into the
receiver on the low-pressureside. The press-
ure-regulating valve G is an ordinary-type
plug-valve having hollow extensions G* and
G3 of different external areas, fitted with
packing rings 4 and 5, working in its cham-
ber IT and in the interior of the annular ex-
tension of the intercepting-valve, respect-
ively. This valve is provided at its smaller
extremity with passages 6, through which the
high-pressure steam is admitted into the in-
terior of the valve and allowed to operate on
the large end G3 thereby reducing the press-
ure in proportion tothearea of the part G*to
the part G% The large end of this valve is
provided with a seat:G*, which when the inter-
cepting-valve opens forms a steam-tight joint
with the similar seat E* on the intereepting-
valve, thereby allowing the whole area of the
intercepting-valve to become operative upon
the reducing-valve, keeping it closed when
the pressure in the receiver D is considerably
below the pressure which would be required
to keep the reducing-valve closed on account
of the difference in areas of the valve itself,
or, in other words, the excess of area of the
intercepting-valve is utilized to secure an in-
creased difference in areas between the larges
and small ends of the reduncing-valve, thus
keeping it closed under a lower pressure than
is necessary for starting thelocomotive. The
travel of the pressure-regulating valve is
limited in any suitable manner, preferably
by a stop-pin 7, which passes through a slot
6 in the valve, thereby preventing the press-
ure-regulating valve from having the full
travel of the intercepting-valve and also pre-
venting the pressure regulating valve from
closing on the seat B*of the intercepting-valve
when the intercepting-valve itself is closed,
so that the full area of the passages 3 in the
intercepting-valve K may be utilized for the
passage of the reduced-pressure steam into
the receiver on the low-pressure side. The
intercepting - valve chamber F is provided
with a leakage-hole 8, whereby the differ-
ential areas of the intercepting-valve and
of the pressure-regulating valve may at all
times be exposed to the atmosphere in order
to secure their proper working., This leak-

age-hole may be provided with a check-valve
31, working in its easing 32 and held to its
seat by the spring 33 and having an opening
34, connecting with the atmosphere, as shown

This.
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in Fig. 7. The casing is screwed into the
leakage-hole 8 and is used to prevent the too-
rapid closingof theintercepting-valve E when
steam is admitted through the pressure-regu-
lating valve G. It also serves to prevent the
chattering of the intercepting-valve when
running without steam. In Figs. 7,8, and9
the form of pressure-regulating valve shown
is provided with a stiff spring 9 of known
capacity, which operates against the large
area of the valve and is intended to keep the
valve G off its seat G’ at all times when the
throttle is closed. The intercepting-valve E
is also provided with a spring 10 of less ca-
pacity than the spring 9, which operates to
keep the intercepting-valve Eagainst its seat
E’ at all times when the engine is at rest.

-In Fig. 14 anintercepting and pressure-reg-
ulating valve of somewhat different form is
shown, the chief difference being that the
compression-springs described as used with
the valves shown in Figs. 7, 8, and 9 are dis-
pensed with, and in their place a plunger 12
is attached to the inside of the intercepting-
valve and operates in the cavity 13 of the
pressure regulating valve G.  This plunger is
of such area that when steam is admitted to
the small end of the pressure-regulating valve
G it opens the valve until it reaches the limit
of travel against the stop 7, when the steam
passes through the passage 6 into the cavity
13 and operates upon the plunger12, attached
to the intercepting-valve, thus causing the
intercepting-valve to close against its seat
E’, and also forms a cut-off edge, which ren-
ders the pressure-regulating valve more sen-
sitive. The other portions of these valves
and casings are similar tothose described for
the valves shown in Fig. 7.

Figs. 12 and 13 show a modification of the
pressure-regulating valve G and of its seat G”.
In this view the intercepting and pressure-
regulating valves are of similar form to those
elsewhere shown, with the exception that the
small or cut-off end of the pressure-regulating
valve is provided with an additional cut-off
edge 14, working inside an extension of the
seat @, forming an external cut-off edge 15.
These two edges cut off the supply of steam
before the valve G reaches its seat G, thus
forming a dash-pot which prevents the too-
rapid closing of this valve. 'When the dash-
potis used, itis necessary to increase the travel
of the valve G an amount equivalent to the
length of additional travel in the dash-pot.

Figs. 10 and 11 show another form of in-
tercepting and pressure-regulating valve of
the same general construction as those pre-
viously described, with the exeeption that the
plunger 12 shown in Fig. 14, instead of being
made separate and attached to the intercept-
ing-valve, is cast solid with the valve itself.
The end of this planger 12 is provided with a
seat B¢, which closes against the seat G*onthe
pressure-regulating valve G. The area of this
seat, however, being less than the high-press-
ure area G? of the pressure-regulating valve,

‘intercepting-valve.

this area is reduced in order to compel the
pressure-regulating valve to travel its full
limit before the intercepting-valve closes, the
projection 12 on the intercepting-valve form-
ing a cut-off edge in the cavity 13 of the press-
ure-regulating valve G in a similar manner to
that described for the valve shown in Fig. 14.

In Figs. 1, 2, and 3 are also shown the ex-
cess-pressure valves 16 and 17, located on the
high and low-pressure sides of the receiver,
respectively. These valves are used to pre-
ventan excess pressureaccumulating in either
end of the receiver, which would be injurious
to the working parts of the engine.

Figs. 15 and 16 show an intercepting-valve
E, working in its casing F in a similar manner
to those previously described, with the excep-
tion that this valve is arranged without any
pressure-regulating valve, the high-pressure
steam in this case, instead of being automati-
cally reduced in pressure by the pressure-
regulating valve G previously described, is
throttled through a small opening J’, this
opening being provided at its inner extrem-
ity with the valve-seat V’, against which
the valve V is arranged to close, said valve
being provided with a stop 18 to limit its
travel and with suitable openings or steam-
passages 19 to permit the escape of the throt-
tle-steam into the receiver through the pas-
sages 3 in the annular balancing-ring 1 on the
back of the intercepting-valve E, at the same
time causing the intercepting-valve to close
agalnstits seal E’. The valve V works within
its easing W, which is provided with pack-
ing-rings 4 and made in such a manner as to
form the interior of the balancing-chamber
20 for the anuular balancing-ring 1 of the
This balancing-chamber
is provided with a leakage-hole 8, connecting
with the atmosphere in the same manner as
previously deseribed. Theintercepting-valve
B is provided with a projection 12, which is
arranged to operate upon the extension V2 of
the admission-valve V, causing the same to
close against its seat V', thereby cutting off
any further supply of live steam.

My improvements consist in the cowbina-
tion, with the high and low pressure cylin-
ders of a compound locomotive or other en-
gineand with the receiver pipe or passages, of
acombined intercepting and pressure-regulat-
ing valve arranged as shown in the drawings
and so proportioned that upon opening the
throttle-valve live steam is admitted through
the connecting-pipe to the pressure-regulat-
ing valve, causing the same to open. The
steam then passes through the hollow exten-
sion of different external areas and causes
the intercepting-valve to close. The steam
then acts upon the enlarged end of the press-
ure-regulating valve, causing a reduetion of
pressure in proportion to the relative areas of
the two ends. This reduced pressure fills

the receiver pipe and passages on the low-
pressure side of the intercepting-valve, also
the low-pressure steam-chest, acting upon the
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low-pressure piston as soon as theslide-valve
opens the admission-ports, thus enabling the
engine to start with the cranks in any posi-
tion in a similar manner to a single-expan-
sion engine. This flow of reduced-pressure
steam is kept up until the pressure on the
high-pressure side of the intercepting-valve
becomes equal to orslightly in excess of the re-
duced live-steam pressure on the low-pressure
side. The intercepting-valve then automati-
cally opens connection between both ends of
the receiver and seats itself on the enlarged
end of the pressure-regulating valve, thus
giving this valve an increase of area on its
large end and causing it to remain seated
against the full pressure of the live steam in
the connecting-pipe at a considerable redue-
tion of pressure in the receiver from the
original pressure used in starting the locomo-
tive. The intercepting-valve, however, con-
trary to the action of other intercepting-
valves hitherto introdueced, does not leave its
seatat the firstexhaust from the high-pressure
eylinder, but remains seated until the press-
ure in both sides of the receiver is approxi-
mately equal, thus preventing any sudden
reduction of pressure in thelow-pressure cyl-
inder and consequent loss of power.

My improvementsin the intercepting-valve
consist in the use of an annular balancing-
ring attached fo the back of the valve, work-
ing in the valve-casing, and forming a guide
for the valve, this annular ring being pro-
vided with packing-rings and suitable open-
ings for the exit of the reduced-pressure live
steam which is allowed to pass through the
pressure-regulating valve. Thehigh-pressure
end of the pressure-regulating valve is ar-
ranged to work within its own casing, while
the low-pressure end of said valve works
within the annular balancing-ring of the in-
tercepting-valve. The cavityin the back end
of the intercepting-valve chamberis provided
with a leakage-hole, so that the balancing-
areas of the intercepting-valve and pressure-
regulating valve may at all times be sub-
jected to atmospheric pressure, in order to se-
cure their respective movements at the proper
time, these two valves in combination form-
ing a duplex pressure-regulating valve; or, in
other words, the pressure-regulating valve is
so proportioned as to admit live steam at the
proper pressure for starting the locomotive,
and the intercepting-valve is arranged to au-
tomaticallylock the pressure-regulating valve
against its seat during any further reduction
of pressure, thus preventing any escape of
live steam from the conneecting-pipe into the
receiver while the engine is working. The
fact that the intercepting-valve is so propor-
tioned as not to open connection between the
two ends of the receiver until after the work-
ing pressure is established therein enables
my improved locomotive to exert far greater
power at starting than is possible with other
forms of intercepting-valves. The leakage-

holeintheintercepting-valvebalancing-cham-

ber may be provided with a check-valve, the
object of which is to retard the motion of the
intercepting-valve and prevent its slamming

“against its seat by forming a partial vacuum

in the balancing-chamber. This vacuum is
soon destroyed by the leakage of air past the
packing-rings. This check-valve also serves
to prevent the chattering of the intercepting-
valve when running without steam caused by
the intermittent pressure and vacuum in the
receiver due to forcing air into the receiver
by the high-pressure piston and exhausting it
therefrom by the larger low-pressure piston.
The check-valve retains a sufficient vacuum
on the back of the valves to prevent them
chattering. "Thischeck-valve may also be ar-
ranged with a minute leakage -groove, as
shown by dotted lines in Fig. 17, to permit
the admission of air slowly, in order to de-
stroy the vacuum.

In order to give theengine-man full control
over the operation of the locomotive at all
times, especially when moving the engine a
few feet in either direction, as is frequently
necessary when running onto turn - tables,
into engine-houses, and in coupling to cars, I
provide what I term “controlling-valves.”
These valves, as previously described, are at-
tached to the under side of the receiver. one
on the high-pressure and the other on the low-
pressureside of the intercepting-valve. They
may, however, be attached to the receiver or
passages in any other location desirable. It
is, moreover, not necessary to use the valve
on the low-pressure side, or they can hoth be
omitted at diseretion. These valvesare con-
nected to a suitable lever in the cab of the
locomotive. The engine-man when desiring
to move thelocomotive ashort distance moves
thislever soasonly to open the valve attached
tothe high-pressureside of the receiver. This
valveis of sufficientareato allow the exhaust-
steam from the high-pressure cylinder to pass
out into the atmosphere instead of accumu-
lating in the receiver and finally causing the
intercepting-valve to open. While this valve
remains open, the locomotive is operated asa
single-expansion engine, the whole amount of
steam used in the low-pressure cylinder being
admitted through the pressure-regulating
valve. When the engine-man wishes to stop
the locomotive in any desired position with-
out the use of brakes, he moves the control-
ling-valve lever into its farthest position.
This causes the valve on the low-pressure
side of the receiver to open as well and allows
the escape of any steam collected therein
after the throttle-valve has been closed, thus
preventing any further movement of the low-
pressure piston. These valves can also be
used when starting to allow the escape of
condensed steam from both sides of the re-
ceiver. Thevalves, being of the snifting type,
allow the admission of air to the receiver,
and subsequently to the low-pressure piston,
when the engine is running with the throttle
shut. This prevents the chattering of the

70

75

8o

85

9]¢

95

101

105

IIO

I15

120

125

130




IO

15

20

25

30

35

40

45

50

6o

65

481,056

low-preszure slide-valve when running with
steam shut off.

~_Myimproved locomotive operatesasfollows:
When the engine comes to rest after running
with the throttle shut, the intercepting-valve,
unless provided with springs, will be found
open and seated against the pressure-regulat-
ing valve, the pressure-regulating valve itself
being closed, as shown in Fig.7. When,how-
ever, the intercepting-valve is provided with
springs, it will be found closed against its
seat and the pressure-regulating valve will be
open, as shown in Fig. 8. These springs are
simply provided to quietly return the valves
to this position, in order to preventslamming
when steam is admitted. In practice, how-
ever, it has been found that these springs are
unnecessary, and in order to secure a more
sensitive action of the pressure-regulating
valve a cut-off plunger 12 is provided, work-
ing within the cut-off chamber 13 of the press-
ure-regulating valve. (See Fig. 14.) This
keeps the pressure-regulating valve in a more
accurate state of equilibrium during the ad-
mission of steam. When the throttle-valve
is opened, live steam is admitted to the high-
pressure steam-chest through the steam-pipe
K and passages K’ and operates upon the
high-pressure piston in the ordinary manner.
At the same time steam is admitted to the
high-pressure end of the pressure-regulating
valve through the connecting-pipe J, causing
the valve to open, and, passing through the
slots 6 and thence through the hollow portion
of the valve, causes the intercepting-valve to
close againstitsseat,asshowninFig. 8. This
steam flows through the passages in the in-
tercepting-valve into the low-pressure end of
the receiver, and, acting upon the large end
of the pressure-regulating valve, causes it to
partially close as soon as the requisite press-
ure is obtained, and thereafter regulates the
amount of steam admitted by the pressure-
regulating valve, maintaining an even press-
ure in the receiver. The reduced-pressure
steam thus admitted to thereceiver actsupon
the low-pressure piston in the ordinary man-
ner. As soon, however, as the high-pressure
eylinder has exhausted sufficient steam into
the high-pressure end of the receiver to over-
balance the intercepting - valve this valve
opens automatically, at the sametimelocking
the pressure-regulating valve againstitsseat.
(See Fig. 9.) The exhaust-steam from the
high-pressure c¢ylinder flows through the re-
ceiverandactsdirectly upon the low-pressure
piston,thepressureof thisexhaust-steam,even
when considerably reduced, being sufficient
to keep the pressure-regulating valve closed
through the action of the duplex valve at all
times. As soon asthethrottle-valve is closed

the intercepting-valve and pressure-regulat-
ing valve assume the positions shown in Figs.
9,14,and 16, allowing the passage of air,a por-
tion of which is forced through the receiver
by the high-pressure piston and the remain-
der induced through the controlling-valve on
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the under side of the high-pressure end of
the receiver. These valves remain in this po-
sition until the throttle is again opened, when
the above-described operations are repeated.
It will thus readily be seen that with my im-
proved combination live steam at a suitable
working pressure is permitted to act upon the
low-pressure piston at alltimes in startingaqd
that steam at this pressure is maintained in
the low-pressure side of the receiver and pre-
vented from working against the high-press-
ure piston until such time as the high-press-
ure end of the receiver becomes charged with
exhaust-steam from the high-pressure cylin-
der at approximately the same pressure,
whereupon the intercepting-valve, acting in
combination with the pressure-regulating
valve, permanently cuts off any further sup-
ply of live steam to the low-pressure cylinder
and permits the direct passage of the exhaust-
steam from the high-pressure into the low-
pressurecylinder. This combination also pre-
vents the passage of live steam admiited
through the pressure-regulating valve from
passing into the high-pressure end of the re-
ceiver and thus acting upon the back of the
high-pressure piston.

In the above description of my improve-
ments I have only referred to a locomotive or
other engine of the two-cylinder type. My
improvements, however, are equally applica-
ble to a locomotive or other engine having a
greater number of high and low pressure cyl-
inders, whether arranged parallel to one an-
other or on the tandem principle. In caseof
a four-cylinder engine thers can be employed
two sets of intercepting and pressure-regu-
lating valves, one set for each pair of eylin-
ders, or the engine may be arranged so that
only one set is required.

The above - deseribed improvements are
mainly intended to be applied to a compound
engine of the receiver type and are equally
applicable to triple or quadruple as well as
double expansion engines.

Idonoteclaimin this application the specific
construction of the valves shown in IFigs. 10,
11, and 14, as they are claimed in an applica-
tion filed April 14, 1892, Serial No. 429,145,
and I do not claim in this application the
specific construction of valve shown in Figs.
15 and 16, as said valve is claimed in the ap-
plication filed April15,1892,8erial No.429,267.

I claim as my invention—

1. In a combined admission and intercept-
ing valve for compound engines, the combi-
nation of a receiver-casing forming a commu-
nication between the high and the low press-
ure cylinders, an intercepting-valve therefor,
a live-steam passage communicating with the
low-pressure end of the receiver,and an admis-
sion-valve therefor capable of movement in-
dependently of the intercepting-valve, but
arranged in such relation to the intercepting-
valvethat said admission-valve will be opened
and the intercepting-valve will be closed by
the live steam and the admission-valve will
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be acted upon and closed by the intercept-
ing-valve when the pressure against the lat-
ter has reached the proper point, substan-
tially ag described.

2., In a combined intercepting and reduc-
ing valve for compound engines, the combi-
nation of the two valves movable independ-
ently of each other as regards the closing of
the intercepting-valve and the governing
movement of the reducing-valve, but so com-
bined thatas the intercepting-valve is opened
by the high-pressure exhaust-steam it will act
upon and close - the reducing-valve, substan-
tially as specified.

3. The combination, with the receiver pipe
or passages of a compoundlocomotiveor other
engine, of the intercepting-valve having an
annularbalancingdevice and steam-passages,
and the intercepting-valve casing having its
chamber connected to the atmosphere, and the
pressure-regulating valve having an enlarged
end and working within the annular part of
the intercepting-valve and its small or high-
pressure end working within its own casing,
to which is attached the live-steam-pressure
pipe, substantially as set forth.

4. In a combined intercepting and redue-
ing valve for compound engines, the combi-
nation of the two valves movable independ-
ently of each other as regards theé closing of
the intercepting - valve and the governing
movement of the reducing-valve, but so com-
bined that the opening of the intercepting-
valve causes the reducing-valve to close, and
a stop for limiting the opening movement of
the reducing-valve, substantially as specified.

5. The combination, in a compound engine,
of the intercepting-valve and the reducing-
valve working within said intercepting-valve,
said intercepting-valve being of a greater
area and having a greater stroke than the re-
ducing-valve, whereby it allows the reducing-
valve to have free movement when it (the in-
tercepting-valve is closed) but will close the
reducing-valve when it opens, substantially
as set forth.

6. The combination of the high and low
pressure cylinders, the passage from the high-
pressurecylinder to the low-pressure cylinder,
an intercepting-valve for closing said passage,
alive-steam inlet tosaid passage,and aredue-
ing-valveforcontrolling the flow of steam from
said live-steam inlet, said reducing-valve be-
ing on a line with and acted upon by the in-
tercepting-valve, the said reducing-valve hav-
ing a limited movement from its seat inde-
pendent of the intercepting-valve, substan-
tially as described.

7. The ecombination,in a compound engine,
of the passage from the high to the low press-
urecylinder, alive-steaminlet,and areducing-
valve adapted to close said inlet, the back of
said valve being greaterin area than the face
of the valve, with an intercepting-valve for
closing the passage between the high and low
pressure cylinders, said intercepting-valve
acting upon the reducing-valve and having a

greater area than said valve, whereby the re-
ducing-valve is held closed by the reduced
pressure in the passage, substantially as de-
seribed.

8. The combination of the passages between

the high and low pressure eylinders, the live-
steam-inlet pipe to said passage, a reducing-
alve adapted to close said pipe, the back of
said valve being of greater area than its face,
astop to limit the outward movement of said
valve, and an intercepting-valve adapted to
close the passage between the high and low
pressurecylinders and adapted to a projection
on the reducing-valve, the movement of the
intercepting-valve being greater than that of
the reducing-valve, so that steam can pass
around and through the reducing-valve and
between it and the intercepting-valve, sub-
stantially as described.

9. The combination of the valve-casing, the
reducing-valve adapted thereto,a spring act-
ing to keep the reducing-valveoft its seat, and
anintercepting-valvealso guided inthe valve-
casing, with a spring of lessstrength than the
reducing-valve spring, said spring being situ-
ated between the back of the reducing-valve
andtheintercepting-valve,so thatwhentheen-
gine is at rest the intercepting-valve will close
the passage between the high and low press-
ure cylinders and the reducing-valve will be
opened to allow the live steam to act upon
the low-pressure piston, substantially as de-
scribed.

10. Tnecombination,inacompoundengine,
of the high and low pressure cylinders, a pas-
gage between the two, an intercepting-valve
for closing said passage, a live-steam inlet to
tho low-pressure valve-chest, a valve regulat-
ing the flow of steam through said inlet, and
valves sitnated in the passage, one valve on
eachsideottheintercepting-valve, with mech-
anism for operating said valves,substantially
as described.

11. The combination of the high and low
pressure eylinders, a passage between the two
cylinders, an intercepting-valve in said pas-
sage, a controlled live-steam inlet to the low-
pressure valve-chest, and valves in the pas-
sage, one on each side of the intercepting-
valve, with mechanism for operating said
valves, said mechanism being so arranged as
to first open the valve on the high-pressure
side and then open the valveon the low-press-
ure side, substantially as described.

12. Thecombination,with the receiver pipe
or passages of a compound locomotive or other
engine, of the pressure-regulating valve, the
regulating-valve casing having its chamber
connected to the atmosphere, the connecting-
pipe, the regulating-valve stop limiting the
travel of the valve, the steam-passages in said
valve connecting with its hollow chamber, and
the annular balaneing deviece of theintercept-
ing-valve working uponsaid pressure-regulat-
ing valve and equalized to the atmosphere, as
and for the purpose set forth.

13. The combination, with the receiver-pipe
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of a compound locomotive or other engine, of
the pressure-regulating valve working within
its chamber, regulated in travel by its stop,
and working within theannular balancing de-
vice attached fo the intercepting-valve, said
pressure-regulating valve having a seat on its
small end closing against the live-steam press-
ure, and another seat at its large end closing
against the intercepting-valve, as and for the
purpose set forth. '

14, The combination, with the receiver-pipe
or passages of a compound locomotive or other
engine, of the live-steam pipe connecting with
the pressure-regulating valve-casing, theregu-
lating-valve casing, the regulating-valve, its
seaft, its stop, its hollow steam-passages, the
intercepting-valve casing having its balanec-
ing-chamber connected to theatmosphere,and
theintercepting-valve withitsannular balane-
ingdeviceandsteam-passages workingoutside
the pressure-regulating valve and within its
own casing and having one seat to close the
opening in the receiver-pipe and another seat
to close against the regulating-valve, with the
spring for holding the regulating-valve off its
seat and a spring of lighter capacity for clos-
ing the intercepting-valveagainst its seat, as
and for the purpose set forth.

15. Thecombination, with the receiver pipe
or passages of a compound locomotive or other
engine, of thelive-steam pipe connecting with
the pressure-regulating-valve easing,the regu-
lating-valve casing, the regulating-valve, its
seat, itsstop,its hollow steam-passages, the in-
tercepting-valve casing having its balancing-
chamber connected tothe atmosphere,and the
intercepting-valve with its annular balancing
device and steam-passages working outside
the pressure-regulating valve and within its
own casing and having one seat to close the
opening in the receiver-pipe and another seat
to close against the regulating-valve, with the
cut-off plunger attached to the intercepting-
valve, working within the cut-off chamber in
the regulating-valve, as and for the purpose
set forth.

16. Thecombination, with the receiver pipe
or passages of a compoundloecomotiveorother
engine, of the intercepting-valve having an
annular balancing device and steam-passages
and interior seat, with a pressure-regulating
valve working within and seating itself
against said valve at its larger exiremity and
having its smaller extremity seating itself in
its casing againstthe high-pressure steam and
its travel regulated by a stop,said high-press-
ure end of this valve working within a dash-
pot, as and for the purpose set forth.

17. The combination, in a compound en-

gine, of the valve-casing, a chamber for ex-
haust-steam from the high-pressure cylinder,
a passage communicating with the said ¢cham-
ber and with the low-pressure steam-chest, a
live-steam passage communicating with the
valve-casing,and a reducing-valve and an in-
tercepting - valve movable independently of
each other as regards the closing of theinter-
cepting-valve and the governing movement of
the reducing-valve, the valvesbeing automati-
cally operated on starting by steam acting
directly upon the reducing-valve to open the
same and direetly upon theinterceptin g—YaIV'e
to close the same, substantially as specified.

18. The combination, with the receiver pipe
or passages of a compound locomotive orother
engine, of the controlling-valves attached to
the receiver and operated by a suitable lever
and so arranged that the steam collected in
both the high and low pressure ends of the
receiver may be permitted to escape inde-
pendently or simultaneously when desired, as
and for the purpose set forth. .

19. The combination of an intercepting-
valve and the casing forming an intercepting-
valve balancing-chamber with a check-valve
arranged to prevent or retard the admission
of air to said chamber and at the same time
allow it to exhaust fréely and also permit any
leakage to escape to the atmosphere, as and
for the purpose set forth.

20. The combination, in a compound en-
gine, of a valve-casing, a chamber for exhaust-
steam from the high-pressure cylinder, a pas-
sage communicating with the said chamber
and with the low-pressure steam-chest, a live-
steam passage communicating with the valve-
casing, and a reducing-valve and an intercept-
ing-valvemovableindependently of each other
as regards the closing of the intercepting-
valve and governing the movement of the re-
ducing-valve, the valves being automa'tlcally
operated on starting by steam acting directly
upon the reducing-valve, the said steam hold-
ing the intercepting-valve to its seat until the
time when steam in the high-pressure cham-
ber overcomes the pressure of the reduced
steam in the low-pressure passage, when the
intercepting-valve automatically opens and
closes the live-steam passage,substantially as
specified.

In testimony whereof I have signed my
name to this specification in the presence of
two subseribing witnesses.

JOHIN PLAYER.
‘Witnesses:

EUGENE ELTERICH,
HeNrRY HOWSON.
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