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o all whom it ay concern : ,

Be it known that I, Hans C. BEHE, of the
city and county of San Francisco, and State of
California, have invented an Improvement in

5 Balanced Slide- -Valves; and I hereby declare
the following to be a full clear, and exact de-
seription thereof.

My invention relates to certain improve-
ments in engine slide-valves; and it consists
in a means for maintaining the valve in a bal-
anced condition, and relieving it from the
friction incidental to the varying pressure of
steam upon it, as will be more fully explained
by reference to the accompanying dlanl]""S
in which—

Figure 1 is a vertical section of the valve
and pistons, taken in a plane through the axis
of the valve-stem, showing the steam and ex-
haust ports, the valve being closed. Fig. 2is
a vertical section taken transversely _to the
valve-stem. Tig. 3 Is a plan view of thevalve
with valve-casing,showing the cover removed.
Fig. 4 is a bottom view of the balancing-plate
and valve-chest cover. TFig. 5 is a vertical
25 section of the valveand pistons, similar to Fig.
1, but showing the valve open. Fig. 6isa
vertical section of the valve, similar to Fig.
2, but showing the balancing-plate and pis-
tons raised from the valve. Fig. 7.1is a ver-
tical section showing the balancing plate and
valve raised from the seat. 'Fig. 8is a per-
spective view of the valve, with a portion
broken away to show the ports. Fig. 9 isa
perspective view from below of the balancing
plate and pistons.

Slide-valves are called ‘“balanced’ when
they can be moved upon their seats withlittle
or no resistance. Most balanced slide-valves
require the greatest nicety of adjustment in
order to keep them in a balanced condition,
and any nnequal expansion or contraction of
component or adjacent partsis liable also to
destroy the balanced condition of the valve,
particularly in engines subject to great varia-
tions of pressure and temperature. Most of
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these valves are balanced only when the valve
is closed, so as to present the least resistance
to opening.
The accompanying drawings represent a
5o slide-valve, A, whichisbalanced—thatis, free

fff. A light spring,

(No model.)

from pressure producing frictional resistance
tomotion—underall the conditions of pressure
and closed or open ports to which it is subject
during its movement. The valve A has two
equal faces, B and C, symmetrical with re- 55
gard to por ts areas, &. One face, B, which
111 the comse of this descup‘mon I shall call
the ‘*‘steam-face’ of the valve, is in contact

[ with and slides upon the seat D, containing

the ports ‘B E to the cylinder. The other 6o
face,C, which Iwill call the ‘balancing-face”’
of the valve, is in contact with, and slides be-
neath the balancing-seat G on the balancing-
plate V, formed on the larger piston of a nest
of decreasing balancing-pistons, as shown. 63
Holes e ec¢ e are drilled through the valve
where it covers the steam-ports, and the edges

"of each set of these holes are connected to-

gether by grooves ¢ ¢, running in thedirection

of the ports. These grooves are intended to 7c
prevent the holes ¢ e being stopped up by
grease or dirt. The balancing-seat G has
shallow ports F' F cut into it corresponding

in area and outline with the steam-ports, so
that when the valve uncovers the steam-port 735
E, it will simultaneously uncover the corre-
sponding balancing-port, I, in thebalaneing-
seat G.

The balancing-pistons attached to the b’ll
ancing-plate V- consists of a series of single 8o
pistons, a b ¢ d, decreaging from the plate v
and preferably formed in one piece with the
balancing-plate V, and they are fitted into a
casing, H, formed on the valve-chest cover I,
in which casing they are free to movein an 83
axial direction to compensate for wear of the
valve faces and seats. A pin, K, is serewed
into the top of the piston-casing and projects
into the piston-block, thereby preventing ro-
tation of the latter and keeping steam-ports go
and balancing-ports in Iine. The pistons are
each made steam-tight by suitable packing, f
L, sufficiently strong,
however, to insure contact of the valve faces
and seats, holds the pistons and plate Vdown 95
upon the valve A. The spring isadjusted by
the screw M.

The area of piston « is equal to the area in- -
closed by the extreme dimensions of the valve
A without deducting for spaces eut ont of the 100 -
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valve—in other words, its area is equal to the
extreme length of the valve-face multiplied by
the extreme breadth. The piston b is of such
a diameter that the difference in area between
it and the piston « is equal to the area of one
steam-port E. The difference in area between
piston 6 and piston ¢ is equal to the area of
the other steam-port E. The area of piston @
is equal to the area cut out of the valve-face
for exhaust purposes. The difference in area
between piston ¢ and piston @ will then be
equal to the area of the valve-face diminished
by the area cut out of the valve-face for ex-
haust purposes andthe areaof the two steam-
ports.

One of theé shallow ports F in the balanc-
Ing-seat G communicates by a passage, 4, with
the space j, between piston « and piston b.
The other shallow port I communicates by a
passage, k, with the space [, between piston
and piston ¢. The space 0, between piston ¢
and piston d, communicates by passages m m
with ports p p, cut through each side of the
valve where it projects beyond the ends of the
ports. The space q, above piston d, commu-
nicates by a passage, », with the space N, cut
out of the valve for exhaust purposes.

The other incidental parts shown on the
drawings may be briefly deseribed, as follows:

O is the eylinder, with the ports E B leading
to each end. :

D is the valve-casing.

Q is the rod for moving the valve and pass-
ing through the stuffing-box R.

S is the steam-inlet.

T is the exhaust-port, leading to the ex-
haust-outlet U.

-Operation: Since the valve A has two op-
posite equal and symmetrical faces, B and C,
each in contact with one of two equal seats, it
is evident that the valve A will be balanced
for every position within the limits of its move-
ment, for at the same instant that one of the
steam-ports E is uncovered by the face B the
opposite equal balancing-port I in the bal-
ancing-seat ( is uncovered by the opposite
face, C, of the valve, thus admitting equal
pressuresabove and below the valve. As soon
as the ports Kand T are simultaneously closed
again by the valve the steam in the cylinder
O and steam-port I would, until exhausted,
exert a pressure diminishing gradually from
the point of cut-off to that of exhaust, while
the pressure due to the steam remainingin the
balance-port Fand the connected spaces would

- remain constant.
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The valve would therefore have an excess
of pressure upon its balancing-face C, and
would be pressed down upon the seat B, were
it not for the holes ¢ e ¢ ¢, drilled through the
valve where it covers the ports, which estab-
lish communication between the ports E and
T, and thus eqalize the pressure above and
below the valve. The valve A is therefore
balanced for every point of its movement, as
long as the balancing-face G- remains in con-

tact with the valve. The balancing-plate V
is-prevented from being pressed down upon
the valve by being attached to a piston, a, of
equal area with that included by the length
and breadth of the valve-faces B and C, so
that the pressures above and below it will be
equal, because an equal area is thussubtracted
both from the upper and from the lower sur-
face of the balancing-plate. When the valve
uncovers the shallow port ¥ in the balancing-
seat G, the balancing-plate V would be forced
away from the valve A by the steam-pressure;
but sinee the pressure in the shallow port I
is communicated by the passages ¢ or k to the
spaces above pistons ¢ and b, alternately, and
acts in an opposite direction upon an equal
area to that of the port F, it follows that the
balaneing plate and seat will in this case also
remain in balanced contact with the valve.
Any back-pressure caunsed by the opening of
the exhaust - port would be balanced by the
steam passing up through the valve and the
passage » into the space ¢, above the piston d.

I will now describe a means to provide
against an emergency which might disturb
the balanced condition of the valve A.

If, through some cause or other the balanc-
ing plate and pistons should be lifted away
from the valve, the latter would no longer be
balanced for the time during which it is not
in contact with the balancing - seat G, and,
moreover, the steam would escape through
the central opening, N, in the valve directly
into the exhaust-passage T, without having
done its work in the cylinder O. Should the
balaneing - plate be accidentally raised from
the valve-face C, in the manner described, the
steam would also find access to all the spaces
above all the pistons through the passages m
m and T, leading from those spaces to the bal-
ancing-seat (&, the pressure tending to raise
the balancing-face would then be counteracted
by an equal pressure above the pistons «, b, ¢,
and d, and the spring L would bring the pis-
tons and plate back into contact with the
valve-face C. Should the valve A be raised
with the balancing-face away from the sur-
face D, containing the ports leading to the
cylinder O, then the steam would find its way
through the passages p p, in the valve A into
the spaces above the pistons, and the lifting-
pressure would be also counteracted, and the
balancing-plate and pistons be pressed back
to their seats by the spring L, in the same way
aswhen the balancing-plate and pistons alone
were lifted without the valve.

The two extreme pistons ¢ and ¢ must fit
snugly into the casing H, allowing only suffi-
cient freedom for axial movement, and they
should be far enough apart to counteract any
tipping tendency produced by the valve, ex-
posing, alternately, the opposite edges of the
balancing-seat to the steam-pressure. Anoth-
er advantage is that the valve requires no ad-
Jjustment whatever after once manufactured.

It will be readily seen that this method of
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balancing may be applied also to valves for
admitting steam to and exhausting it from one
end of the cylinder only; orto valves for ad-
mitting steam only to either one or both ends
of the cylinder, or for exhausting steam from
either one or both ends of the cylinder. The
difference will in. these cases only consist in
employing a less number of balancing-pistons.

It will also be evident that the valve shown
in the figures may be used to admit steam by
the central passage, T, between the steam-

- ports generally used as exhaust-ports. In this

case the exhausted steam would pass into the
valve-casing P, and the steam-pipe would be-
come the exhaust-pipe.” By using the valve
to admit steam, either from the casing or from
the central passage, to either of which it éould
b2 led by a three-way cock, the valve could
serve as a simple reversing-gear.

The advantages of -a valve balanced in the
manner described in these specifications are,
apart from its very slight friction and resist-
ance to motion, chiefly two: first, it will wear
much longer than the ordinary slide-valve;
and, secondly, it will not wear rounding, which
isthe case with the ordinary slide-valve where
the pressure atthe portsis continunally changed
from one end to the other, as the ports are
covered and uncovered by the valve, which
gives a rocking tendency to the rectilinear
motion of the valve, producing by degrees
stronger abrasion of the valve-face at the ends,
and finally developing a convex surface.

Having thus described my invention, what I
claim as new, and desire to secure by Letters
Patent, is— .

1. A reciprocating slide-valve moving over
ports by which the supply and discharge of
steam to and from the engine-cylinder is ef-
fected, in combination with a balancing-plate,
above and in contact with the valve, and a
series of pistons which may move axially at
right angles with the valve, and passages
through which steam may be admitted above
one or more of the pistons to balance the valve

- at all times in its various positions, substan-

50

tially as herein described.

_2. Areciprocating slide-valve moving over
ports through which steam may be alternately
supplied to and exhausted from an engine-
cylinder, a balancing-plate between which and
the valve-seat the valve moves, and said plate
provided with a differential piston, having
shallow ports corresponding in outline and
area with the cylinder steam-ports, in combi-

nation with holes or passages ¢ through the
valve, substantially as and for the purpose set
forth.

3. In a balanced slide-valve, a differential
piston provided with a series of packing-rings
of gradually - decreasing diameter, and a se-
ries of ports leading above said rings and a

“central port to the upper face of the piston,
all arranged ds and for the purposes set forth.

4. Tn a balanced slide-valve, a differential
piston having ports leading to the upper faces
of the gradually-reduced piston, and a cen-
tral port extending to the smallest area of said
piston, and communicating with the port I in
the balancing-plate, as and for the purpose
specified. '

5. In a balanced slide - valve having holes
e e ¢ ¢ communicating with the ports E and I,
in combination with a differential piston hav-
ing ports leading to the upper faces of the
gradually-reduced piston, and a central port
leading to the area of least diameter, with a
spring and adjusting-screw, all substantially
as and for the purpose specified.

6. A reciprdeating slide-valve moving over
ports through which steam is supplied to and
exhausted from an engine-cylinder, and a bal-
aneing-plate between which and the opposite
valve-seat the valve moves, in combination
with a series of pistons decreasing in diameter
as they extend away from the top of the bal-
ancing-plate, with which they are connected,
a cylinder or casing within which they fit
and may have an axial movement, and a
spring, L, and adjusting-screw M, substan-
tially as herein described.

7. A reciprocating slide-valve moving over
ports through which steam is supplied to and
exhausted from an engine-cylinder, a balanc-
ing-plate resting upon the top of the valve,
and having a series of pistons connected with
it and decreasing in diameter as they extend
away from it, and a casing within which they
may work, in combination with ports ¢, &, and
m, extending from the valve-chamber to points
above the pistons, whereby steam is admitted
to balance the valve in its various positions,
substantially as herein deseribed.

In witness whereof I have hereunto set my
hand. '

HAXS €. BEHR.
Witnesses: o
S. H. NOURSE,
C. D. CoLx,
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