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To all whom, it may concern. 
Be it known that I, HAL R. STAFFORD, of 

Schenectady, in the county of Schenectady 
and State of New York, have invented a cer 
tain new and useful Improvement in Com 
pound Locomotives, of which improvement 
the following is a specification. 
My invention, while more particularly de 

signed for application in compound loco 
motives of the articulated or “Mallet' type, 
is adaptable, similarly and with equally ad 
vantageous results, in those of the “cross 
compound' type, and its objects are to ef 
fect a general simplification of structures, 
and effect a reduction of the undue and ob 
jectionable steam leakages which are ordi 
marily experienced by conveying the various 
vents, drains, and relief passages to the ex 
haust passage and thence to the stack, and 
by effecting a reduction in the number of 
steam joints and the provision of such a con 
struction of those that cannot be eliminated, 
as will enable them to be readily maintained 
in proper operative condition. 
The improvement claimed is hereinafter 

fully set forth. 
In the accompanying drawings: Figure 1 

is a diagrammatic side view of an articu 
lated compound locomotive embodying my 
invention: Fig. 2, a longitudinal central 
section through the intercepting valve cham 
ber, the parts being shown in position when 
Working as a compound engine; Fig. 3, a 
similar section, the parts being shown in 
position when working as a simple or single 
expansion engine; Fig. 4, a transverse sec 
tion, on an enlarged scale, on the line a 6 
of Fig. 8: Fig. 5, a similar section, on the 
line did of Fig. 3; Fig. 6, a central trans 
verse section through the intercepting valve 
chamber; Fig. 7, a vertical central section 
through the simpling valve mechanism: 
and, Fig. 8, a plan or top view of the same. 
My invention is herein exemplified as 

applied in a locomotive engine of the Mallet 
articulated compound type, comprising a 
rear frame, 8, supported on a plurality of 
driving wheels, 1, and a front frame, 8, 
supported on a plurality of driving wheels, 
1. The rear frame, as in the regular prac 
tice with locomotives of this type, carries, 
at its front end, which is located nearly at 
the middle of the length of the boiler, 4 a. 
pair of high pressure cylinders, 12, the 
pistons of which are coupled to crankpins 
on the driving wheels, 1, and the front 

frame carries a pair of low pressure cylin 
ders, 12, the pistons of which are coupled 
to crank pins on the driving wheels, 19. 
The boiler, 4, is fixed on the rear frame, S, 
and the front and rear frames are coupled, 
in the longitudinal central plane of the loco 
motive, by a pivot pin, S', the forward por 
tion of the boiler being thus, as is character 
istic in locomotives of this type, free to 
SWing or traverse laterally, relatively to the 
front frame, 8, in passing curves. Steam 
from the boiler is admitted to the valve 
chests, 12°, of the high pressure cylinders, 
through outside steam pipes, 65, and in 
is to say, when it is working compound, is 
exhausted from the high pressure cylinders 
into a receiver pipe, 65, leading to the low 
pressure cylinders, from which it is exhaust 
ed to the atmosphere through the stack. So 
far as above stated, the locomotive herein 
set forth accords generally with instances 
of the articulated type known and used in 
practical railroad service prior to my in 
Vention, the several features of improvement 
of which will now be described. These com 
prehend the structure and relation to other 
members, of the intercepting valve mecha 
nism and its chamber, and the simpling 
valve by which changes of operation from 
compound to simple, and vice versa, are ef 
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the normal operation of the locomotive, that 
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fected as desired. In order to prevent such 
discharge, a vent valve, 15, is fitted in a 
cage or chest, 15, secured in the Wall of the 
exhaust passage, 12", said valve controlling 
a vent opening, 15, leading through the 
cage, from the passage, 14, to the exhaust 
passage, and seating normally in the direc 
tion of the passage, 14. The vent valve 
which is herein shown is of the ball type, 
but may be of any other suitable and pre 
ferred construction, and by its application, 
the discharge of steam is effected through 
the exhaust pipe, and stack, as in the case of 
the relief valve before described, and gases 
from the front end, which would gum up 
the by pass valve seats, are prevented from 
being drawn in from the exhaust passage. 
The intercepting valve mechanism, instead 

of being, as in usual practice, inclosed with 
in one of the high pressure cylinders, is 
fitted in a separate casing, 16, of substan 
tially cylindrical form, which is connected 
detachably to the front sides of said cylin 
ders, and is suitably supported on the rear 
frame, 8, or one of its accessories, as for 
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With the operating cylinder, 24, hereinafter 

s 

example, by means of a downwardly ex 
tending lug, 16°. The interior of the cas 
ing is divided, by transverse partitions, 16°, 
16, and 16, into a high pressure exhaust 
chamber, 17; an independent or direct ex 
haust chamber, 18; a receiver chamber, 19; 
and a live stealim chamber, 20. Two curved 
passages, 17, lead from the high pressure 
exhaust chamber, 17, to openings in the Wall 
of the casing, 16, which, when the casing is 
secured in position on the high pressure cyl 
inders, register with the openings, 12", of 
the exhaust passages of said cylinders, ball 
joint rings, 17, being interposed at the 
joints to insure tightness while permitting 
a limited degree of relative movement. In 
stead of controlling communication between 
the high pressure exhaust chamber and the 
receiver by an intercepting valve, and be 
tween the high pressure exhaust chamber 
and the direct exhaust chamber by a sepa 
rate and independent direct or emergency 
exhaust valve, as has ordinarily been the 
practice prior to my invention, I provide a 
single valve, 21, which, operating in combi 
nation with a reducing valve, performs the 
functions of the two independent valves of 
the prior art, and which I therefore term an 
intercepting and direct exhaust valve. The 
valve, 21, is fixed upon a stem, 22, by the 
movements of which, as presently to be de 
scribed, it is either closed on a seat, 16°, sur 
rounding an opening in the partition, 16, 
when the locomotive is working as a com 
pound engine, as shown in Fig. 7, or in a 
seat Surrounding an opening in the parti 
tion, 16°, when the locomotive is working as 
a simple engine, as shown in Fig. 8. The 
seat 16°, is made integral, and in line axially, 

specified, and is connected therewith by ra 
dial ribs or webs, 249. 
The stem, 22, of the intercepting and di 

rect exhaust valve carries, upon one of its 
ends, a properly packed piston, 23, which is 
fitted to move longitudinally in a com 
bined operating and dash pot cylinder, 24. 
connected detachably to one of the ends of 
the casing, 16, in which there is formed an 
opening through which said cylinder, to 
gether with the valve, 21, and its stem, may 
be inserted and removed, as desired. The 
stem, 22, passes, with a comparatively loose 
fit, through an opening in the inner head 
of the cylinder, and the outer end of the cyl 
inder is closed by a detachable head, 24, in 
which is formed an opening, communicating, 
by a pipe, 25, with the casing, 26, of a man 
ually operated simpling or operating valve, 
26, located in the cab of the locomotive and 
controlling the supply of steam from the 
boiler to the cylinder through the pipe, 25. 
The stem, 22, is reduced in diameter for 

a portion of its length, on the side of the 
valve, 21, farther from the cylinder, 24, and 
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a reducing valve dash pot piston, 27, is 
formed or fixed upon it, at the end of its 
reduced portion, said piston fitting, and 
working longitudinally, in a reducing valve 
dash pot, 28°, formed in a tubular reducing 
Valve, 28, said valve having a piston, 28, 
adjoining its end in which the dash pot is 
formed, and a piston, 28°, of smaller diam 
eter, at its opposite end. The pistons, 28 
and 2S. of the reducing valve, are fitted 
with Suitable packing rings, so as to work 
steam tight in a main live steam admission 
valve, 29, which is secured upon the end of 
the stem, 22, opposite to that on which the 
piston, 23, is secured. The valve, 29, is 
open to the receiver chamber, 19, at its end 
nearer the intercepting and direct exhaust 
Valve, 21, to permit its free traverse rela 
tively to the reducing valve, 28, and near 
said end is provided with peripheral ports, 
29, through which, when in simple position, 
as shown in Fig. 8, communication is estab 
lished between its interior and the receiver 
chamber, and with peripheral ports, 29, of 
greater area than the ports, 29, which ports, 
29, in the same position, register with ports, 
30, in a sleeve or bushing, 30, fixed in a cyl 
inder, 31, projecting outwardly from the 
casing, 16, and closed, at its outer end, by 
a removable head, 31. The ports, 30, lead 
through the bushing, 30, into the live steam 
chamber, 20. A packed piston 29°, is formed 
on the valve, 29, said piston forming one of 
the Walls of the ports, 29, and a packed pis 
ton, 29, of smaller diameter, is formed on 
the end of said valve at which it is connected 
to the stem, 22, said piston fitting a corre 
sponding bore in the bushing, 30. The space 
Within the bushing around the body of the 
valve, 29, between the pistons, 29, and 29, 
communicates with the live steam chamber, 
20, by a balancing port, 30', and reducing 
valve vent ports, 29, lead through the valve, 
29, into the cylinder, 31, from which a vent 
pipe, 31, leads to the separate exhaust pipe, 
32, which leads from the independent or di 
l'ect exhaust chamber, 18, to an independent 
exhaust pipe in the smokebox. A pipe, 20, 
Supplies steam from the boiler to the live 
steam chamber, 20. 

In operation, when it is desired to work 
the locomotive as a simple engine, steam 
from the boiler is admitted by the engineer 
to the operating and dash pot cylinder, 24, 
by the manipulation of the operating or 
simpling valve hereinafter described. The 
intercepting and direct exhaust valve, 21, is 
thereby moved by the pressure on the outer 
side of the piston, 23, to its seat in the par 
tition, 16°, closing communication between 
the high pressure exhaust chamber and the 
receiver chamber, and opening communica 
tion between the high pressure exhaust 
chamber and the direct exhaust chamber 
and separate exhaust pipe. The valve is 
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seated without shock by Feason of the com 
pression of the fluid contents of the dash pot. 
formed by the space on the inner side of the 
piston, 23. In this traverse of the valve, 21, 
and its stem, 22, the main live steam admis 
sion valve is first moved, by its direct con 
nection with the stem, into position to bring 
its ports, 29, into register. With the live steam 
chamber ports, 30. The reducing valve, 28, 
is then moved by the pressure of the live 
steam acting on its differential pistons, 28, 
and 289, thereby opening the receiver chall 
ber ports, 29, s 
shock by reason of the resistance exerted in 
the dash pot, and all parts stand in the posi 
tion shown in Fig. 8. In this position, the 
exhaust from the high pressure cylinders is 
discharged directly through the separate ex 
haust pipe, 32, and live steam at reduced 
pressure, is supplied directly 
pressure cylinders through the live steam 
chamber, the ports, 30, 29, and 29, the re 
ceiver chamber, and the receiver pipe. 
When it is desired to work the locomotive 

as a compound engine, the engineer releases 
the pressure from the operating cylinder, by 
movement of the simpling valve to proper 
position, whereupon the pressure of the live 
steam on the differential pistons, 29, and 
29, of the live steam admission Valve, forces 
the valve, 21, to its seat in the partition, 16, 
and brings the main live steam admission 
valve and the reducing valve to the position 
shown in Fig. 7. The exhaust steam from 
the high pressure cylinders is then dis 
charged into the receiver chamber, and 
thence to the low pressure cylinders, and 
the direct supply of live steam to the low 
pressure cylinders is cut off. 
Among the structural and operative ad 

vantages of the valve mechanism above de 
scribed, the following may be noted: 

(c) The insured cutting off of the supply 
of live steam past the reducing valve when 
working compound. 

(b) The capability of accommodation of 
the parts to slight inaccuracies in Workman 
ship, and the prevention of sticking attained 
by the flexibility of the reduced diameter 
portion of the valve stem, 

(a) The conduction of all leakage from 
balancing or pressure cylinders to a single 
cavity piped to the separate exhaust passage 
or to the smoke box of the locomotive. 

(d) The symmetrical relation of all joints 
in heads, bushing, etc., enabling them to be 
made and kept tight. 

(e) The elimination of all ground or gas 
ket joints to the atmosphere for holding 
steam under pressure when Working com 
pound. 

(f) The operation of the intercepting and 
direct exhaust valve, in changing from com 
pound to simple, independently of any pre 
liminary reduction of receiver pressure, the 

and being seated without 

to the low 

3. 

change being made by direct pressure on 
the operating piston. 

(g) Capability of complete control of the 
power of the high pressure engine by regu 
lation of the area of the separate exhaust 
inozzle, as the intercepting and separate ex 
haust valve cannot become unbalanced by 
back pressure when the engine is working 
simple. 

(h) Facility and economy of manufac 
ture of the valve mechanism, as all parts re 
quiring to be finished are circular or cylin 
drical, and the work can therefore be done 
on a lathe and drill press. The castings 
used contain no irregular internal cores, and 
are of very simple form. 

(i) The intercepting and direct exhaust 
valve, being non-automatic, is not, as are 
all automatic valves, sensitive to exact bal 
ances of pressure, there being an ample re 
serve of power for moving the valve in 
either direction, which overcomes the re 
sistance caused by core sand, cinders, or in 
sufficient lubrication, which would cause au 
tomatic valves to become inoperative. 

(i) Reduction of space occupied by the 
entire valve mechanism and capability of 
removing it, as a whole, by taking off a 
single head. 

(k) Beneficial effect on the Working of 
the engine by the venting of the valve to the 
separate exhaust passage, as the back pres 
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sure in Said passage has a slight, but ap 
preciable, effect in varying the cutting off 
pressure of the reducing valve. When the 
engine is working hardest, the pressure in 
the separate exhaust chamber is highest, 
causing the reducing valve to deliver steam 
to the low pressure cylinders at a higher 
pressure and better maintaining the balance 
of power between the two engines. 
In the operation of locomotives of the 

Malet or articulated compound type, they 
should be, and usually are, started as simple 
engines, for the reason that the train can be 
started more easily and with less destructive 
effect to draft, gear, and the engine can be 
more quickly stopped in the event of acci 
dent to couplers. As the valve by which the 
working of the engine is changed from 
compound to simple, and vice versa, is fre 
quently used, it should be small and com 
pact, and be so located as to be readily ac 
cessible by the engineer. 

in the practice of my invention, I pro 
vide a simpling or operating valve, 26", 
which is of the rotary type, and is adapted 
to be moved about its axis on a valve face 
in a valve casing, 26, which, in order to be 
conveniently accessible by the engineer, is 
located immediately in rear of the back 
head of the firebox, 5, near, and about on a 
level with, the engineer's brake valve, and is 
supported on the firebox by a bracket, 27. 
A pipe, 33, leads from a turret or Small 
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dome on the boiler, to a supply port, 33, in 
the valve casing, and an application port, 
25", in the casing, communicates with the 
pipe, 25, which leads to the operating cylin 
der, 24. An exhaust port, 25, in the cas 
ing, communicates with an exhaust pipe, 34, 
leading to the ash pan. A segmental sup 
ply port, 26, and a similar exhaust port, 
26, are formed in the valve, 26, said valve 
having a central stem, 26", which passes 
through the head, 26°, of the casing, and is 
provided with a handle, 26. By the appro 
priate movements of the handle, the valve 
may be moved either into position to bring 
the supply port, 33", into communication 
with the application port, 25, and thereby 
to admit steam to the operating cylinder, 24, 
and move the valve mechanism into position 
for the working of the locomotive as a sim 
ple engine, or to bring the exhaust port, 26°, 
into communication with the application 
port and thereby to open an exhaust from 
the operating cylinder, whereby the valve 
mechanism is moved into position for the 
Working of the locomotive as a compound 
engine. The two positions of the handle, 
for simple and compound operation, respec 
tively, are plainly marked upon the head of 
the valve casing, as for example, by the let 
ters “S ’’ and “ C’. 

I claim as my invention and desire to se 
cure by Letters Patent:- 

1. In a compound engine, an intercepting 
valve casing divided by partitions into a 
high pressure exhaust chamber having pas 
sages adapted for connection to the exhaust 
passages of two high pressure cylinders; a 
receiver chamber having a passage adapted 
for connection to a receiver pipe; a separate 
exhaust chamber having a passage adapted 
for connection to a separate exhaust pipe: 
and a live steam chamber having a passage 
adapted for connection to a steam supply 
pipe; concentric openings for the reception 
and removal of valve controlling mecha 
nism being provided in each of the dividing 
partitions and in one end of the valve 
'asing. - 

2. In a compound engine, the combination 
of an intercepting valve casing having a 
separate exhaust chamber, a receiver cham 
ber, and an interposed high pressure ex 
hatist chamber, openings, in line axially, be 
ing formed in the partitions between said 
chambers, an operating cylinder fixed to 
said casing, and insertible and removable 
through an end opening thelein, and a valve 
seat fixed to, and in line axially with, said 
cylinder, and fitting in the opening in the 
adjoining partition. 

3. In a compound engine, the combination 
of a casing having a separate exhaust cham 
bel', a receiver chamber, and an interposed 
high pressure exhaust chamber, openings be 
ing formed in the partitions between said 
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chambers, an operating and dash pot cylin 
der, a piston Working therein, a stem fixed 
to said piston, and a single valve fixed to 
said stem and adapted to control each of the partition openings. 

4. In a compound engine, the combination 
of an intercepting valve casing having a 
Separate exhaust chamber, a receiver cham 
ber, and an interposed high pressure exhaust 
chamber, openings being formed in the par 
titions between said chambers, an operating 
and dash pot cylinder fixed to the casing, a 
piston working therein, a stem fixed to said 
piston, a single valve fixed to said stem and 
adapted to control the partition openings, a 
dash pot piston fixed to the stem on the side 
of the valve further from the operating cyl 
inder, and a reducing valve having a dash 
pot within which said piston is fitted to 
traverse. 

5. In a compound engine, the combination 
of an intercepting valve casing having a 
separate exhaust chamber, a receiver cham 
ber, and an interposed high pressure exhaust 
chamber, openings being formed in the par 
titions between said chambers, an operating 
cylinder fixed to the casing, a piston work 
ing therein, a stem fixed to said piston, a 
single valve fixed to said stem and adapted 
to control each of the partition openings, a 
reducing valve movable on and controlled by 
the piston stem, and a differential piston live 
steam admission valve fixed on said stem. 

6. In a compound engine, the combination 
of an intercepting valve casing having a 
separate exhaust chamber, a receiver cham 
ber, and an interposed high pressure exhaust 
chamber, openings being formed in the pal'- 
titions between said chambers, an operating 
cylinder fixed to the casing, a piston work 
ing therein, a stem fixed to said piston, a 
single valve fixed to said stem and adapted 
to control each of the partition openings, 
and a reducing valve controlled by the pis 
ton stem, said piston stem being reduced in 
diameter for a portion of its length between 
the single controlling valve and its surface 
of contact with the reducing valve. 

7. In a compound engine, the combination 
of an intercepting valve casing having a 
separate exhaust chamber, a receiver cham 
ber, and an interposed high pressure exhaust 
chamber, openings being formed in the par 
titions between said chambers, an operating 
cylinder fixed to the casing, a piston work 
ing therein, a stem fixed to said piston, a 
single valve fixed to said stem and adapted 
to control each of the partition openings, a 
reducing valve controlled by the piston stem, 
a ported sleeve within which said reducing 
valve operates, and a vent pipe leading from 
the interior of said sleeve to a determined 
point of discharge. 

8. In a compound engine, the combination 
of an intercepting valve casing having a 
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separate exhaust chamber, a receiver cham- steam chamber and the receiver chamber, a 
ber, and an interposed high pressure exhaust dash pot in said reducing valve, and a dash 
chamber, openings being formed in the par- pot piston on the piston stem which Works 
titions between said chambers, an operating in said dash pot and controls the reducing 15 
cylinder fixed to the casing, a piston Working valve in opening communication between the 
th. a stem fixed to said piston, a single live steam chamber and the receiver chamber. 
valve fixed to said stem and adapted to con trol each of the partition openings, a live HAL R. STAFFORD. 
steam chamber in the casing, a reducing Witnesses: 
valve surrounding the piston stem and con- MARCUs E. FRANCE, 
trolling communication between the live S. W. TYLER. 

Copies of this patent may be obtained for five cents each, by addressing the “Commissioner of Patents, 
Washington, D.C.' 


