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1

This invention relates to poppet valve loco-
motives and is particularly concerned with a
novel poppet valve arrangement and  cooperat-
ing cylinder and saddle structure, especially
adapted for use in large size locomotive engines.

One of the primary objects of the invention is
to enable employment of relatively small diam-
eter poppet valves, both for intake and exhaust,
there being a plurality of valves of both types
grouped in a special arrangement in a manner
to maintain the cylinder port clearance volume
at a minimum.

In poppet valve locomotive engines, especially
of relatively large size, the cylinder port walls,
because of their rather extended area, have been
subject to warpage, as a result of thermal
changes, etc. Any such warpage is likely to be
reflected .in distortion of the valve seats and the
detrimental effect of such distortion is, in gen-
eral, more serious with large diameter poppet
valves than with small diameter valves. The
employment of multiple small diameter valves,
according to the invention, is therefore of advan-
tage in overcoming difficulties due to valve seat
distortion.

According to a further feature of the invention,
the valve arrangement for each end of each. cyl-
inder is so laid out that all the valves for ad-
mission and exhaust may be made of one size and
one pattern. By using two identical admission
valves and three identical exhaust valves, and
disposing them in the relationship hereinafter
set forth, the total flow area most desirable for
admission and the total flow area most desirable
for exhaust, is secured,

Beyond the foregoing the invention contem-
plates employment of specially arranged webbing
interbracing the cylinder port walls in a manner
to reduce wall warpage, and to strengthen the
port walls against the steam pressure. The rela-
tive .disposition of the webbing and of the
multiple intake and multiple exhaust valve aper-
tures in the cylinder port walls further con-
tributes to -reduction in warpage and the conse-
quent undesired valve seat distortion.

Still further, according to the invention,
specially arranged webbing is provided between
one of the cylinder port walls and another spaced
wall serving to define a live steam chest at one
side of the port; the other cylinder port wall
being interbraced with another spaced wall serv-
ing to define the exhaust steam passage at the
other side of the cylinder port. All of the brac-
ing and interbracing webbings for the port walls
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are relatively arranged to confribute maximum
interbracing effect, as will further appear.

According to still another feature of the in-
vention, various of the interbracing webhings are
also so disposed as to serve the further function
of steam flow bafies or guides preventing choking
of one valve by steam flow to or from another
valve or valves, ) )

How the foregoing, together with other objects
and advantages, are attained will appear more
fully from the following description referring to
the accompanying drawings in which—

Figure 1 is a front elevational view of the
right-hand cylinder and a portion of the asso-
ciated saddle structure of a 2-cylinder locomo-
tive engine embodying features of the invention,
with the valve assemblies and cylinder head re-
moved;

Figure 2 is a longitudinal substantially vertical
sectional view taken as indicated by the irregu-
lar section line 2—2 on Figure 1, this view show-
ing in section certain of the parts of the outer-
most intake and.exhaust valves and the coop-
erating poppet valve actuating mechanism in
elevation;

Figure 3 is a transverse vertical sectional view
taken through the cylinder and saddle structure
as indicated by the section line 3—3 on Figure 2,
but showing the valve actuating mechanism in
elevation; »

Figure 4 is a transverse sectional view taken
through the live steam chest substantially as in-
dicated by the section line 4—4 on Figure 2, but
omitting .the valve assemblies;

“Figure 5 is a transverse sectional view taken
through the cylinder port as indicated by the
section line 5—35 on.Figure 2, this view also omit-
ting the valve assemblies; and

Figure 6 is a transverse sectional view taken
through the exhaust steam passage, as indicated
by the section line 6—6 on Figure 2.

'The cylinder and saddle structure may ap-
propriately be cast, for example in two halves for
a 2-cylinder engine as here shown, one such half
being indicated generally in the drawings by the
reference character 1. The casting is adapted to
be supported on portions of the main frame mem-
pers, one of which appears at 8. Toward its up-
per central portion, the casting is provided with
pads such as indicated at 9 to cooperate with the
smokebox shell 10 of the locomotive, into which
the exhaust steam from the cylinders is delivered,
as will further appear.

Live steam from the boiler is supplied through
the steam pipe 11 (see Figure 3) having branches
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extended fore and aft, one being shown at 12.
The branches {2 extend to the steam chests
{3—13 adjacent the head and rear end of the
cylinder 18. Since the steam passages and valves
at the two ends of the cylinder are counterparts
of each other only one need be described.

Steam chest 18 is in large part:defined by an

outer wall 13a and one of the cylinder port walls
{5 (Figures 1, 2 and 4).  The cylinder port 16 is

bounded at the other side by another port wall 10 -

{1, the two walls 15 and [T being in spaced sub-
stantially parallel relation and of adequate area -

to provide room for the valve apertures.

At the -

side of wall IT opposite to the cylinder port; there - -

is another spaced parallel wall 18 cooperating:

15

with the port wall {7 to prov1de an. exhaust steam. .

passage 9.

The pattern or arrangement of the valve aper- -

tures is best shown in Figures 1,4 and 5. As there
seen, there are a pair of intake valve apertures 20
and & group -of three exhaust valve apertures 21,
the intake and exhaust valve apertures being
formed, respectively, in the port walls 15 and i7.

Thus, -the apertures 20 provide communication:

between the steam chest- 13 and the cylinder port
{6 and.the apertures 21 provide communication
between the cylinder port and the exhaust steam
passage 19. ,

The axes of the exhaust valve apertures 21 lie
in angularly spaced radial planes containing the
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Since the cam mechanism for actuating the
valves forms no part of the present invention per
se, it is not herein illustrated or described. It
may be noted, however, that the cam box 37 is
adapted to be mounted on the cylinder, as by
means of flanges 39 which cooperate with mount-
ing ledges 40 and 41, projecting from the inner
exhaust steam passage walls 8. An appropriate
means, such as a wedge 42 may be employed to
securely fasten the cam. actuating mechanism in
proper position.

In describing the bracing webbing provided for
the cylinder port walls 15 and {1, attention is
first directed to Figures 2 and 4 showing a cen-
tral bracing web 43 and a pair of additional webs
44—44 which are positioned in the steam chest
13 and interbrace the port wall I8 with the outer
steam chest wall 13a. From Figure 4 it will be
noted that the web 43 lies in a substantially verti-
cal plane intermediate.the two intake valve aper-
tures 20—20, this plane being that in which. the.
axis of the central exhaust valve is positioned.
The.web 43 aids in dividing the flow of ‘steam
entering the steam chest and in delivering the
steam uniformly to the two intake valves. Webs
44—44 are angled so as not to interfere with
steam flow to the intake valves.

It will be noted that the webs 43 and 44 pro-

., vide bracing for the port wall (5 in its upper

30

aXxis of the-cylinder, the three:exhaust valve -

apertures -being arcuately . disposed about the
upper portion of the circumference of. the cylin-
der. The axes of the intake valve apertures 20
are-similarly -arranged in angularly spaced radial
planes containing the cylinder axis, the planes of

the two sets of valves preferably being in. inter-

leaving .or- alternating relatlonshlp as -clearly ap-
pears from the drawings.’

Each valve aperture is prov1ded w1th -an ap-

propriate- seat, such as indicated at 22 and 23 in

Figure 2. An appropriate intake poppet valve is
shown -at 24 in Figure 2, this. valve having a stem
25 mounted in a guide 26 which guide, in turn,
is received in the bore of a sleeve 21 (see Figures
2 and . 6), interconnecting .the two walls {1 and
18 which define the exhaust steam passage 19.
The head of the guide 26 provides a seat for the
second seating edge of the double-beat valve 24.
A spring 28 normally urges the valve 24 toward
its.seat, this spring reacting against a cap mem-
ber. 28¢ which is seated on a shoulder surround-
ing an aperture 28b formed in the outer wall (3a

region; as well as for the wall {3a.
Turning now to Figure 5, it will be seen that

-webbing 45—45 is arranged around the central

exhaust valve aperture 21, this webbing 45 serv-

. ing to interbrace the two port walls 15 and 7.

3

in the mid-region thereof. ~-Additional interbrac-
ing of the port walls close to the cylinder itself
is provided by a series of stays 45. The two port
walls are thus interbraced in the central region

. thereof and also close to the cylinder, this being
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of the steam chest. A similar intake valve is.ar-

ranged in the other intake valve aperture 20, the
valve stem guide for this valve being received in
the bore provided in the sleeve 29 (see Figure 6).

One of the exhaust valves appears in Figure 2

at 30, this valve having a stem 3! received in the
guide 32, which guide 32 is mounted in a sleeve
33 (see Figures 2 and 6). The head of the guide
32 provides a seat for the second seating edge of
the double-beat valve 30. Closure spring 34 nor-
mally urges the exhaust valve 30 toward its seat,
The spring 34 reacts against a cap member 34a
which is seated on g shoulder surrounding an

aperture 34b formed in the port wall {5. Similar .

parts are provided for the other exhaust valves.
The stems 25 and 3{ of all of the valves pro-
ject mwardly for cooperation with intake and ex-
haust valve tappets 35 and 36 which project later-
ally from the valve actuating mechanism 37,
which desirably takes the form of a cam mecha-
nism appropriately driven in timed relation with
movements of the piston 38 in the cylinder I4.
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accomplished in a manner minimizing interfer-
ence with the steam flow. . The pattern or, ar-
rangement of the several intake ~and. exhaust
valves, particularly the arrangement of the sev-
eral valves in angularly spaced planes containing
the cylinder axis and the location of the intake
valves above and between the exhaust valves is
of importance in enabling dlsposmon of the brac-
ing webbing in the manner ‘above described in
order effectively to mterbrace the port walls at
a number of spaced points throughout the area
thereof,

From reference to Figure 6 it will be seen that
further bracing of the port wall 1T and of the ~
exhaust passage wall I8, at the exhaust side is
provided by webbing 47, 48 and 49, the webs 47
and 48 also being connected with the sleeves 27
and 29 in which the valve stem guides for the
intake valves are mounted. ‘Additional webbing
50 projects upwardly and 1nward1y (as viewed in
Figure 6) from the sleeve 27 over the region in
which the central exhaust: valve delivers to the
exhaust passage 9. This not only serves to fur-
ther brace the port wall 1T and the wall 18; but
to avoid flow of exhaust steam from the left-hand
exhaust valve (as viewed in Figure 6) over the
central exhaust valve, thereby avoiding: choking
of the central exhaust valve. Somewhat similar
webbing 51 interconnects the webbing 49 with

. sleeve 29, thereby serving to avoid choking of the
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75

right-hand exhaust valve by the steam leaving the
left-hand and central exhaust valves. -

The exhaust valve passage (9 is extended in-
wardly and thence upwardly as at i9a, the pas-
sages 19—I9¢a for each end of the cylinder being
Joined in a d1scharge passage 52 which may
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deliver to the stack through an appropriate ex-
haust nozzle or the like (not shown).

By the employment of 3 multiplicity of valves,
adequate steam flow capacity is provided in large
locomotive engines, even when utilizing poppet
valves which, individually, are of relatively small
diameter. The small diameter of the valve aper-
tures required in the port walls is, in turn, of
importance in gavoiding distortion. Moreover,
distortion is very greatly reduced by virtue of the
arrangement of bracing webbing provided for
the port walls, there being webbing at both sides

~of each port wall well distributed over the total
area thereof. Moreover, the webbing in the cyl-
inder port 16 and in the exhaust passage 19 co-
operates in g novel manner to strengthen the wall
11. In this regard, it will be observed from Fig-
ure 5 that the inverted U-shaped webbing 45 must
be open downwardly, so that the exhaust steam
can flow upwardly to the central exhaust aper-
ture 21; whereas the U-shaped webbing provided
by the structure 50, 47, 48, in Figure 6, must
be open upwardly so as to permit the discharge
of the exhaust steam into the passage 19. Thus,
where the wall #T has the least support from the
one U-shaped structure it has the most support
from the other.

By virtue of the nesting of the five valves in
the general pattern illustrated in the drawings
and described above, the clearance volume of the
cylinder port is maintained at a minimum, while
at the same time providing unrestricted or un-
obstructed flow areas for the steam entering and
-leaving the cylinder through the several valve
apertures.

By the herein-described relative arrangement
of the five valves (for one end of the cylinder),
and by the disposition of the associated port,
passages and webbing, the available admission
and exhaust flow areas approximate the most
desirable areas, with the two admission valves
and three exhaust valves made identical, which
has the further advantage of simplifying the
manufacture of the valves themselves and the
repair and maintenance of the locomotive, since
a single valve type can be kept in stock for all
of the valves.

I claim: )

1. In a locomotive engine equipped with pop-
pet-type steam distributing valves, a cylinder and
chest structure having a cylinder port defined in
part by spaced walls lying generally transverse
the cylinder axis, a group of exhaust valve aper-
tures in one of said walls, a group of intake valve
apertures in the other of said walls, one of said
groups comprising at least three valve apertures
the axes of which lie in angularly spaced radial
planes containing the cylinder axis, the axes of
the apertures of the other group lying in angularly
spaced radial planes intermediate said first planes
and alternating therewith, and webbing inter-
bracing the spaced cylinder port walls and lying
at least in part substantially in the said inter-
mediate radial planes,

2. In a locomotive engine equipped with poppet-
type steam distributing valves, a cylinder and
chest structure having a cylinder port defined in
part by spaced walls lying generally transverse the
cylinder axis, a group of exhaust valve apertures
in one of said walls, a group of intake valve aper-
tures in the other of said walls, one of said groups
comprising at least three valve apertures the
axes of which lie in angularly spaced radial planes
containing the cylinder axis, the axes of the aper-
tures of the other group lying in angularly spaced
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6
radial planes intermediate said first planes and
alternating therewith, and webbing interbracing
the spaced cylinder port walls and positioned be-
tween the valve apertures of said threefold group.

3. In a locomotive engine equipped with poppet-
type steam distributing valves, a cylinder and
chest structure having a cylinder port defined in
part by spaced walls lying generally transverse
the cylinder axis, a group of exhaust valve aper-
tures in one of said walls, a group of intake valve
apertures in the other of said walls, one of said
groups comprising at least three valve apertures
the axes of which lie in anhgularly spaced radial
planes containing the cylinder axis, the axes of
the apertures of the other group being offset from
the valve apertures of the first group in a direc-
tion radially of the cylinder, and webbing inter-
bracing the spaced cylinder port walls between
the valve apertures of said threefold group.

4. In a locomotive engine equipped with poppet-
type steam distributing valves, a cylinder and
chest structure having a cylinder port defined in
part by spaced walls lying generally transverse
the cylinder axis, a live steam chest adjacent one
of the port walls defined in part thereby and by
a third wall spaced from said one port wall, a
group of intake valve gpertures in said one port
wall, a group of exhaust valve apertures in the
other port wall, one of said groups comprising at
least three valve apertures the axes of which lie
in angularly spaced radial planes containing the
cylinder axis, the axes of the apertures of the
other group being offset from the valve apertures
of the first group in a direction radially of the
¢ylinder and lying in angularly spaced radial
planes intermediate said first planes and alter-
nating therewith, webbing in the cylinder port
interbracing the port walls between the apertures
of said threefold group, and webbing in the steam
chest interbracing said one port wall and said
third wall.

5. A construction according to.claim 4 in which
said last webbing is positioned to interbrace the
walls defining the steam chest, at I=ast in a plane
intermediate two intake valve apertures.

6. In a'locomotive engine equipped with poppet-
type steam distributing valves, a cylinder and
chest structure having a‘cylinder port defined in
part by spaced walls lying generally transverse
the cylinder axis, an exhaust steam passage ad--
iacent one of the port walls defined in part there-
by and by a third wall spaced from said one port
wall, a group of exhaust valve apertures in said
cne port wall, a group of intake valve apertures
in the other port wall, one of said groups com-
prising at least three valve apertures the axes
cf which lie in angularly spaced radial planes
containing the cylinder axis, the axes of the aper-
tures of the other group being offset from the
valve apertures of the first group in a direction
radially of the cylinder and lying in angularly
spaced radial planes intermediate said first planes
and alternating therewith, webbing in the cylin-
der port interbracing the port walls between the
apertures of said threefold group, and webbing in
the exhaust steam passage interbracing said one
port wall and said third wall.

7. In a locomotive engine equipped with
poppet-type steam distributing valves, a cylinder
and chest structure having a cylinder port de-
fined in part by spaced walls lying generally
transverse the cylinder axis, an exhaust steam
passage adjacent one of the port walls defined
in part thereby and by a third wall spaced from
said one port wall, a group of at least three ex-



2,401,764

7

haust valve apertures inh said one port wall: the
axes of which lie in angularly spaced radial
planes containing the cylinder - axis; webbing in
the cylinder port interbracing the port walls be-
tween the exhaust valve apertures, and webbing
in the exhaust steam: passage: interbracing said
ohe -port wall and said third wall between the
exhaust valve apertures. ’

8. A construction according to.claim 7 in which

the exhaust steam passage is extended laterally
away from the region of the group of.exhaust
valve apertures to carry the exhaust steam to a
point of discharge, and in which said webbing
between the exhaust valve -apertures in the ex-
haust steam passage is positioned to direct the
exhaust steam entering the passage from one
exhaust valve aperture away from the region of
an adjacent exhaust valve aperture to avoid
choking of the latter aperture.

9. In a locomotive engine -equipped with
poppet-type steam distributing valves, a group
of five poppet valves arranged adjacent one end
of a cylinder and comprising three exhaust valves
and two intake valves, ‘the 'axes of the several
valves lying respectively .:in: ‘angularly spaced
radial planes containing the:cylinder axis, at least
one of the intake valves:lying in a plane inter-
mediate the planes of two of the exhaust valves.

10. A construction according to claim 9 in
which the planes of the intake valves occupy
intermediate positions and alternate with the
planes of the exhaust valves, X

11. In a Iocomotive engine equipped with
poppet-type steam distributing valves, a group
of exhaust poppet valves adjacent an end of a
cylinder, a group of intake poppet valves ad-
jacent the same end of the cylinder, one of
said groups incorporating at least three poppet
valves arranged in an arcuate series circumi-
ferentially of the cylinder; and the valves of the
other group being offset from said arcuate series
in a direction radially of the cylinder.

12. A construction -according to -claim '11 in

which the valves of said group incorporating
at least three are disposed closer to the cylinder
axis than the valves of the other group and'in
which the axes of the valves of said two groups
lie in angularly spaced radial planes containing
the cylinder axis, with.the planes of the valves
of ‘one group alternating with. the planes of the
valves of the other group.

13. In a  locomotive engme equlpped with

poppet-type steam distributing: valves, a group
of five poppet valves arranged- adjacent one end
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of a cylinder and comprising three exhaust valves
and two intake valves, -all of said valves being
of the same diameter to thereby provide a total
exhaust flow area approximating that required
for efficient operation of an engine having a
total admission area of sald. two intake valves
of the same diameter. -

14, In a locomotive engine equipped ,w1th,
poppet-type steam distributing valves, a cylinder
and chest structure having a cylinder port defined
in' part by spaced ‘walls lying generally trans-
verse the cylinder-axis, an exhaust steam pas-
sage at one side:of :the port, a plurality of ex- -
haust valve apertures through the port wall ad-
jacent the -exhaust steam passage, a live :steam
chest at the other side of. the cylinder port, an
intake valve aperture in the port wall adjacent
the steam chest, the axis of the intake valve
aperture lying in'a plane intermediate planes
containing the axes of a pair of exhaust valves,
a tubular support for an intake valve stem ar-
ranged . coaxially of the intake wvalve: aperture,
said: tubular: support being ‘connected. with the
cylinder port wall at the exhaust side and ex-
tending in the exhaust steam passage, and brac-
ing webbing for the last mentioned port wall, the
webbing being disposed in the exhaust steam
passage between the exhaust valve apertures ‘of
said pair and being connected with said-tubular
support to cooperate therewith not only in
bracing the adjacent port wall but also in de-
flecting exhaust steam entering the passage from
one exhaust valve aperture away from the region
of the adjacent exhaust valve aperture to avmd
choking of the latter aperture.

15. In a locomotive - engine equlpped with
poppet-type steam distributing valves, a cylinder
and chest structure having a cylinder port de-
fined in .part by spaced walls lying generally
transverse the cylinder axis, a group of port-wall
apertures for at least three valves with  their .
axes arrahged in side-by-side relation, and brac-
ing webbihg at each side of one of said port walls,
the webbing at each side being generally *U-
shaped and disposed to partially encircle a valve
aperture whose axis occupies an intermediate
position in the group, and the U-shaped webbing
at the two sides of said one port wall being dis-
posed in'substantially inverted relation, whereby
to provide bracing ‘of the -port wall,; at one side
or the other thereof, substantially around the
entire cnrcumference of the 1ntermedlate valve
aperture
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