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3 Claims.

This invention relates to reciprocating piston
steam engines but more particulariy to reversible
engines of this type, such for example as used
cn loccomotives, and an object is to provide a

& new and improved valve arrangement which can
be installed in a simple manner to piston steam
engines for increasing their efficiency and power.

Another object is fo produce a valve gear for
reversing steam engines which is adapted to

10 make more effective use of the expansive force
of the steam, thereby reducing the fuel con-
sumption, and is adjustable so as to vary the cut-
off in accordance with the demands of service
but is so constructed and arranged that regard-

15 less of the cut-off a later release is obtained than
has heretofore been possible particularly at high
or running speeds, and the compression which
cccurs when the piston approaches the end of
its stroke, is delayed to the extent that sufficient

20 steam is trapped to provide only the desired

cushion without imposing excessive strain on the
working parts.

A further object is to produce a valve and
valve gear attachment for reversing piston steam
engines for improving the steam admission and
exhaust in order to increase the efficiency and
power of the engine, such attachment having
the new and improved features of construction
arrangement and operation hereinafter de-
30 geribed:

A stiil further object is to provide a valve
gear for steam engines, particularly locomotives,
which can be installed on those that are now
in coperation but are inefficient and costly to run,

35 ang is so constructed and arranged that for com-
paratively little expense the engine can be re-
habilitated to such an extent that its cost of
operation is materially reduced and its efficiency
greatly improved, the desigh being such that

40 it can be installed on an engine regardless of
the valve gear with which it is equipped and
without the necessity of removing such gear or
taking it out of operation but rather operating
the original gear in conjunction with the new

45 gear.

Other objects and advantages of the invention
will hereinafter appear, and, for purposes of il-
lustration but not of limitation, embodiments of
the invention are shown in the accompanying

50 drawings, in which:

Figure 1 is a side elevation of a front portion
of a steam driven locomotive in which the steam
admission valve is actuated by a Baker valve
gear, showing the mechanism for actuating the

55 auxiliary valve gear;

[\
(13

(CL 121—146)

Figure 2 is an enlarged vertical sectional ele-
vation of the auxiliary valve and gear, main
valve and piston;

Figure 3 is an enlarged transverse sectional
elevation on the line 3—3 of Figure 2; H
Figure 4 is an end elevation of the auxiliary

gear actuating mechanism;

Figure 5 is an enlarged vertical sectional ele-
vation of the valve chest showing the main valve
in elevation and some of the parts broken away; 68

Figure 6 is a transverse sectional elevation on
the line 6—$ of Figure 5 showing particularly
an arrangement for holding the main valve
against turning movements.

Figure 7 is an enlarged vertical sectional ele- 70
vation of a modified form in which each of the
valve bushings is provided witih a single row
of openings; and -

Figures 8, 9, 10 and 11 are diagrammatic views
showing the positions of the piston and valves at 76
the time of lead, maximum port opening, cut-
off and release, respectively.

As shown in the drawings, a valve stem 10
is connected to actuate a spool valve 33, here-
inafter more particularly described, which slides 80.
horizontally in a valve chest 12. Movement is
imparted to the valve stem 10 by a series of
links and levers which, in this instance, com-
prise the Baker valve gear. The Baker valve
gear is well known to those skilled in this art, 85
and detail description thereof is not considered
necessary.

Suffice it to say that the valve stem 10 is con-
nected to a vertically disposed combination le-
ver 13, which is connected by a union link 14 90
to the main piston crosshead -15. The upper
end of the combination lever above its point of
connection with the valve stem 10 is connected
to a valve rod 16, which is connected through a
bell crank 17, links 18 which are pivoted to a re- 95
verse yoke 19, lever 20 and eccentric rod 21 to
a crank pin 22 movable with a driving wheel 23
of the locomotive., The reverse yoke 19 may be
moved back and forth not only to reverse the
movement of the locomotive, but to change the 106
cut-off in accordance with the demands of serv-
ice. 'The reverse yoke 19 is actuated by a rod
24 which leads to the cab of the locomotive.

Inasmuch as this invention is not limited to
the use of any particular valve gear, it is unnec- 105
essary to enter into a more detailed discussion
of the construction and operation of the partic~
ular valve gear shown on the drawings, since this
is shown merely for the purpose of rendering
the present invention more easily understand- 110
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able. As will hereinafter appear, the auxiliary
valve gear is not only adapted for use in connec-
tion with the Baker gear, but can be used to
advantage with a Walschaert, Stephenson, Young
or other valve gears, which are well known to
those skilled in this art. -

The main piston crosshead 15 is connected by
a rod 25 to a piston 26, which is reciprocable in
a cylinder 27 having communication at its op-
posite ends with the valve chest 12 through
steam ports 28 and 29. Disposed within the
valve chest 12 and spaced longitudinally from
each other, are bushings 20 and 31 mounted in
flanges 32 projecting from the walls of the valve
chest. Slidable in the bushings 30 and 31 is a
main valve 33 to which the valve stem 10 is
connected at one end. The valve 33 is of the
spool type and of elongate cylindrical form pro-

vided with annular enlargements 34 and 35,

which have bearings in the bushings 30 and 31
respectively. Each enlargement is provided with
the usual rings 36.

The enlargement 34 is provided with laterally
spaced, annular rows of ports 37 and 38. The

5 enlargement. 35 is similarly provided with annu-

lar rows of ports 39 and 40. The ports 37 and
38 are adapted o register respectively with ports
41 and 42 in the bushing 34, the port 41 com-
municating with a passage 43 leading to the pis-
ton port 29. Likewise, the ports 39 and 40 in the
valve enlargement 35 are registrable respectively
with ports 44 and 45 in the bushing 35, the port
45 registering with a passage 46 leading to the
cylinder port 28. ‘

It is manifest that the valve 33 is recipro-
cated by the valve stem 10 in the usual manner,
live steam being introduced in the usual man-
ner to the central portion of the: valve chest
and being delivered to one end or the other
end of the piston cylinder 27 through the ports
28 and 29, and exhaust steam from the piston
cylinder is discharged from the valve chest
through the opposite ends thereof, as will be
readily understood.

To retain the valve 33 in the desired position
and prevent turning movements thereof, the
valve stem 10 is secured to a disc 47 having a
series of openings 48, the disc being bolted to
the -adjacent end of the valve 33. Formed in
the plate 47 is a groove 49, which fits a guide
rod 50 secured to the outer end of the valve
chest. The rod 50 in cooperation with the
groove 49 causes the valve 33 to travel in a
straight path, and prevents turning movement
thereof. g

Disposed within the valve 33 are cut-off or
auxiliary cylindrical valves 51 and 52 which are
spaced laterally from each other. At the rear-
ward end of the cut-off valve 51 is a reduced
annular or spool portion 512 whareas the remain-
der of the valve has a sliding fit within the main
valve 33. The valve 52 has a similar spool por-
tion 52 at its forward end and a rear-
ward extension having a sliding fit with the
33. Secured to flanges 53 on the
inside of the valve 51 is a valve rod 54 which
extends forwardly through the valve 52, and a
suitable opening in a plate 55 which closes the
forward end of the valve chest. The valve 52

" is formed with similar flanges 56, to which is

connected a rod 57 extending also through the
plate 55. The rods 54 and 57 are connected re-
spectively to relatively movable slide blocks 58
and 59 which are arranged one above the other.

- The slide blocks are carried by a crosshead 60,
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in which they are slidable. Qibs 61 secured to
the crosshead 60 by bolts 62 retain the slide
blocks in place. The crosshead 60 is horizon-
tally reciprocable in a guideway formed in a
bracket 63, which is rigidly secured to the front
end of the valve chest 12 and projects horizon-
tally outward.

Forming a part of the crosshead 60 and ex-
tending forwardly therefrom is an extension
plate 64, on the outer end of which is centrally
pivoted a lever 65 having an integral sleeve 66
projecting laterally from the central portion
thereof. Pivotally connecting the upper end of
the lever 65 with the slide block 59 is a link 592,
and connecting the lower end of the lever 65
with the slide block 58 is g link 582, The sleeve
66 is rockable on a bolt 67, which is secured to
the outer end of the plate 64.

The auxiliary or cut-off valves 51 and 52 are
concomitantly reciprocated by a link 68, which
is pivoted at one end to the sleeve 66, and is
connected at its opposite end to the upper end
of a rock arm 69. The rock arm 89 is pivoted
adiacent its upper end to an extension 70 of the

bracket 63, and pivoted to the lower end of the :

arm 69 is 2 link 71. The link 71 extends below
the piston cylinder 27 and is pivoted at its rear
end to a vertically disposed arm 72, which is
rigidly connected at its upper end to the piston
crosshead 15. If is apparent that reciprocating
movement of the crosshead imparts conjoint
movement to the auxiliary or cut-off valves 51
and 52 through the connections described, and
that these valves move in a direction opposite
to the movement of the piston 26.

The position of the auxiliary valves 51 and
52 with respect to the main valve 33 may be
varied, as desired. As will hereinafter appear,
the . auxiliary valves may be concomitantly
moved toward. or away from each other, and
when moved closer together a longer cut-off is
obtained, but when separated from each other
the cut-off -is shortened. For this purpose an
arm 73 is fixed to the sleeve 66 on the lever 65,
which, -as .above mentioned, actuates the slide
blocks 58 and 59. As shown, the arm 73 in-
clines rearwardly and upwardly, and pivoted to
its outer end is a depending link 74, which has
a relatively. loose connection at its lower end
with an arm 75 so that in the reciprocating
movement of the auxiliary valve-actuating
mechanism, the link 74 may swing to and fro
without moving the arm .75. The arm 75 is
fixed to a shaft 76, which is journaled in a
bracket 77 secured to the forward end of the
‘piston cylinder 27. Likewise fixed to the shaft
76 and extending upwardly and rearwardly
therefrom is an arm 78, to the upper end of
which is pivoted a link 79. The link 79 may
extend to or be coupled with suitable actuating
mechanism in the locomotive cab. The con-
nection is such that the arm 75 is held station-
ary in order to retain the auxiliary valves in
adjusted position. It is manifest that rocking
movement of the lever 65 in a clockwise direc-
tion (Fig. 2) will move the auxiliary valves 51
and 52 away from each other, and rocking
movement in a counter clockwise direction will
simultaneously move the valves towsrd each
other.

In operation, it is to be understood that the
auxiliary valves 51 and 52 only control the cut-
off, or in other words, these valves function only
to cut off the admission of steam to the piston
cylinder 27. The main valve 33.controls the re-
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lease of steam from the cylinder, the compres-
sion or the trapping of steam in advance of the
piston 26 to cushion its movement before actu-
ated in the opposite direction, and alsc the lead,
which is the distance between the admission
edge of the steam admission port and the corre-
sponding port in the bushing when the piston
is' at the end of its stroke.

In running at relatively high speeds the gear
operating the main valve 33 is set for a rela-
tively long cut-off, which may be between 50%
and 65%. The reason for this is that withh the
main valve 33 operating at a relatively long
cut-off the events of release and compressicn
occur late in the movement or position of the
piston 26. This affords a late release, so that
after the piston has traveled at a sufficient dis-
tance under the expansive force of the steam,
the exhaust ports are approximately wide open
affording comparatively free exit of steam from
the cylinder.

The operation of the valves at approximately
209% cut-off is clearly shown in Pigures 8, 9, 10
and 11 which show the relative position of the
valves with respect to the piston during move-
ment of the latter from one end of the cylinder
to the other. Figure 8 shows the position of
the parts at lead point, with the piston at the
extreme end of the cylinder and the valves in
position to admit steam to drive the piston 26
in the direction of the arrow P. In this posi-
tion, the port 40 of the valve 33 has just un-
covered the cylinder port 28, and the port
is in register with the bushing port 44, so that
live steam may pass through these ports from
the inside of the valve chest. The auxiliary
valve 52 is in such position that the reduced
portion 522 bridges the ports 39 and 40 so that
steam may freely pass into the cylinder 27. It
will also be observed that the cylinder port 29
is freely cpen to the exhaust since the annular
enlargement 34 of the main valve 33 has moved
forwardly to uncover the bushing port 41. Mani-
festly, the piston is free to move to the left of
the figure with a minimum resistance in front
of it.

It will also be noted in Figure 8 that the aux-
iliary valves move in the direction of the arrow
A since, as above mentioned, the auxiliary valves

aQ
38

¢ always move in a direction opposite to the move-

ment of the piston. At this time the main
valve 33 moves in the.same direction as the
auxiliary valves, as indicated by the arrow M.

An important advaniage derived from the -

construction and arrangement of the parts di-
rectly preceding the lead point is that a quanti-
ty of live steam passes from the valve chest

through the main valve 83, and is trapped in the

space around the reduced portion of the adja-
cent auxiliary valve. This steam, which is at
steam chest pressure, is ready at the instant the
adjacent cylinder port is uncovered to pass into
the cylinder without traveling through a cir-
cuitous route. This effects a slight gain from
a standpoint of time in introducing the steam
into the cylinder from the valve chest.

Figure 9 shows the position that the various
parts assume when the auxiliary gear is adjusted
for a 20% cut-off and the main gear a 609 cut-
off. It will be observed that a comparatively
free passage for steam to the cylinder is pro-
vided. In this figure the piston 26 has moved
a short distance to the left, and the main and
auxiliary valves are moving in the same direc-
ion. It is to be understood that these valves

3

do not move at the same rate of speed since the

auxiliary valves are actuated by the piston cross-

head, whereas the main valve is driven by tie
usual. gear, which holds the valve substantially
stationary when it arrives at points of maximum
port opening for admission of live steam to the
ends of the cylinder, and to exhaust spent steam
at the opposite end. .

In Fig. 10 the admission of steam in front of
the piston has bsen cut off so that the expansive
force of the steam may be utilized for driving
the piston toward the opposite end of the cylin-
der. It is to be noted that the main valve 33 is
moving toward the ieft of Fig. 10, whereas the
auxiliary valves are moving in the opposite di-
rection or toward the right of this figure. It is
this counter movement of the auxiliary valve
which imparis the desired cut-cff. Without the
auxiliary valve, cut-off would not take place
until the piston had traveled a greaber distance
toward the opposite end of the cylinder. The
cylinder port 28 remains uncovered by the main
valve so that the piston is fres to travel without
encountering undue resistance.

The piston 286 continues its movement to the

e

SU

"

&
&

100

left of Fig. 10 until the main valve 33 has moved

to the left a sufificient distance to cover the bush-
ing ports 41 to prevent {urther exhaust of steam
through the cylinder port 28. Substantizily at
this point or at approximately 12% of its stroke
for a 20% cut-offi compression takes place, and
the steam trapped in rear of the piston cushions
the further movement thereci. Upon further
movement of the main valve 33 the bushihg port
45 is uncovered fo reicase steam from the cylin-
der through the cylinder port 28.

After the piston 26 has compieted its travel
through the operation of the valve evenis as
above descriked, the main and auxiliary valves
cperate in a reverse manner to drive the piston
in the opposite direction. It is not considered
necessary to explain this operation but it is be-
lieved- that this will be readily undersicod by
those skiiled in this art. When it is desired to
increase or diminish the cut-off, this may be
readily accomiplished by movement of the cui-off
valves 51 and 52 toward or away from each other
in accordance with the cut-off desired. Revers-
ing is accomplished by the gear controliing the
main valve 33, as wiil be readily understcod. iIn
starting the engine, the main gear iz aciuated
in the usual manner to cbiain a relatively long
cut-off and the auxiliary gear is accordingly ad-
justed sc that substantially full foree of the
steam can be utilized.

Chbviously, the auxiliary valves 51 and 52 cuf
off the admission of steam to the cylinder, al-
low main valve o be adjusted to a late release
and compression and close the ports in the main
valve for preventing the improper admission of
live steam. Examination of Fig. 11 shows that
the main valve 33 alone controls the release of
steam from the cylinder.

It is apparent that with the main valve 33
adjusted for a relatively short cut-off the re-
lease of steam from the cylinder would take
place before the pision has travsled a suflicient
extent to make full use of the expansive force of
the steam. However, when the main valve 33
is adjusted for a relatively long cut-off the re-
lease takes place later, and consequently, greater
use of the steam can be had when the auxiliary
valves work in conjunction with the main valve
since the auxiliary valves may be adjiusted to
cut off much earlier.
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An early compression is decidedly objection-
able since it imposes excessive strains on the
working parts. 'This objection, however, is over-
come by the above described arrangement, since
the point of compression can be adjusted to
occur much later in the movement of the piston
so that just enough steam is trapped in advance
of the moving piston to cushion it. The point
of compression is controlled by the main valve
33, which, when adjusted to a relatively long
cut-off, does not close the exhaust port until the
piston has closely approached the end of its
movement.

In Figure 7 an alternate form is shown, in
which a main valve 332 is provided with steam
admission ports 392, the edges of which are
beveled or tapered as indicated at 80, to obtain
quick admission of steam. This eliminates the
necessity of having two rows of ports in the
valve chest bushing and, consequently, the bush-
ing may be shorter than is shown in the other
figures. A bushing 312 is in this instance pro-
vided with a single row of ports 45°,

It is to be understood that numerous changes
in details of construction, arrangement and op-
eration may be effected without departing from
the spirit of the invention, especially as defined
in the appended claims.

It is further to be understood that although
the invention has been described in connection
with locomotives, it is not limited thereto since
it can be used with any piston steam engine of
the reversing or nonreversing type.

What is claimed is:

1. In a steam engine having a cylinder, a pis-
ton in said cylinder, and a main crosshead con-
nected to be driven by said piston, a ported
sleeve valve, a gear for reciprocating said valve,
a pair of cylindrical cut-off valves reciprocable

- within said sleeve valve, rods connected to said

cut-off valves respectively and extending for-
wardly therefrom, a pair of slide blocks to which
the forward ends of said rods are respectively
connected, a crosshead in which said blocks are
guided, a bracket in which said last crosshead
is reciprocable, an extension on said last cross-
head, a lever pivoted intermediate its ends on
said extension, links connecting opposite ends
of said lever and said slide blocks respectively,
means for adjusting said lever for concomi-
tantly moving said cut-off valves toward or away
from each other, and lever and link connection
between said extension and said main crosshead
for reciprocating said cut-off valves.

2. In a steam engine having a cylinder, a pis-
ton in said cylinder, a main crosshead connected
to be driven by said piston, and a valve chest

(- T
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in communication with opposite ends of said
cylinder and adapted to admit steam centrally
thereof and exhaust steam at opposite ends, a
sleeve valve in said valve chest having two lat-
erally spaced rows of ports at each end thereof,
ported bushing means in which said sleeve valve
operates, said bushing means being so arranged
that when said sleeve valve arrives at steam ad-
mission points one row of ports is adapted to
register with bushing ports and the adjacent
row is adapted to receive live steam, a gear
for reciprocating said sleeve valve, a pair of
cylindrical cut-off valves reciprocable within said
sleeve valve, said cut-off valves having adjacent
annular portions in sliding contact with said
sleeve valve and remote spool portions adapted
to control the admission of the steam from said
valve chest to the cylinder, and means deriving
motion from said main crosshead for conjointly
operating said cut-off valves.

3. In a steam engine having a cylinder, a pis-
ton in said cylinder, a main crosshead connected
to be driven by said piston, and a valve chest
in communication with opposite ends of said
cylinder and adapted to admit steam centrally
thereof and exhaust steam at opposite ends, a
sleeve valve in said valve chest having two lat-
erally spaced rows of ports at each end thereoct,
ported bushing means in which said sleeve
valve operates, said bushing means being so ar-
ranged that when said sleeve valve arrives at
steam admission points, one row of ports is
adapted to register with bushing ports and the
adjacent row is adapted to receive live steam, a
gear for reciprocating said sleeve valve, a pair
of cylindrical cut-off valves reciprocable within
said sleeve valve, said cut-off valves having ad-
jacent annular portions in sliding contact with
said sleeve valve and remote spool portions
adapted to control the admission of steam from
said valve chest to the cylinder, rods connected
to said cut-off valves respectively and extending
forwardly therefrom, a pair of slide blocks to
which the forward ends of said rods are re-
spectively connected, a crosshead in which said
blocks are guided, a bracket in which said last
crosshead is reciprocated, an extension on said
last crosshead, a lever pivoted intermediate its
ends on said extension, links connecting oppo-
site ends of said lever and said slide blocks
respectively, means for adjusting said lever for
concomitantly moving said cut-off valves rela-
tively to each other, and a lever and link con-
nection between said extension and said main
crosshead for reciprocating said cut-off valves.

ABNER D. BAKER.
LOUIS R. BAKER.
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