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This invention relates to control valve devices
for use in controlling fluid pressure controlied
apparatus, and has particular reference to & relay
valve device for use in fluid pressure brake equip-
ment. :

Cne object of the invention is to provide a relay
valve device which acts very quickly in response
to slight changes in pressure differentials for
controlling the supply of fluid under pressure to
and the release of fluid under pressure from a
pressure chamber and a connected fluid pressure
controlled device, such, for instance, as the brake
cylinder of a fluid pressure brake equipment.

A feature which contributes materially to the
attainment of this object consists in so construct-
ing and arranging the several working parts of
the relay valve device that they will have a short
range of travel in their controlling movements.

Another object of the invention is to provide
a relay valve device having a fluid pressure supply
valve mechanism, a separate exhaust valve mech-
anism and a pressure responsive mechanism for
controlling the operation of both valve mecha-
nisms. Another feature resides in the provision
of means whereby the resistance of the supply
valve mechanism to movement to its fluid supply-
ing position is reduced upon the initial movement
of the pressure responsive mechanism by fluid
under pressure supplied to said pressure respon-

o sive mechanism, and a further feature resides in

the provision of means whereby the resistance
of the exhaust valve mechanism to movement to
its fluid exhausting position is reduced upon the
initial movement of the pressure responsive
mechanism when a reduction is effected in the
pressurs of fluid acting on said pressure respon-
sive mechanism, both of which features also con-
tribute materially to the quick action of the relay
valve device. A further feature consists in the
provisicn of means for so adjusting the pressure
responsive mechanism to the supply and exhaust
valve mechanisms as to compensate for wear or
unavoidable manufacturing inaccuracies in the
several parts of the valve device, and a still fur-
ther feature consists in the provision of an open-
ing in the casing of the valve device through
which the adjusting means is accessible for ad-
justment from the exterior of the valve device
when the device is separated from a pipe bracket
to which it is adapted to be secured, which open-
ing is adapted to be closed by the pipe bracket
when the casing is secured to the bracket, so as
to prevent the adjusting means from being tam-
pered with by an unauthorized person.

- Other objects and advantages of the arrange-

1924, Serial No. 740,202
(CL 303—28)

ment and construction of the several parts of the
relay valve device will appear in the following
more detailed description.

In the accompanying drawings, Fig. 1 is a dia-
grammatic view, mainly in section, of a brake
equipment embodying a relay valve device con-
structed in accordance with the invention. In
this view the valve device is for the most part
shown as actually constructed, but where the
parts and connections could not be shown with-

. out complications they have been shown diagram-
matically; Figs. 2, 3, and 4 are cross sectional
detail views taken on the lines 2—2, 3—3 and
4—4, respectively, of Fig. 1; Fig. 5 is an end view
of the piston end of the exhaust valve of the relay
valve device, the cap of the casing being removed;
Figs. 6 and 7 are detail cross sectional views
taken on the lines 6—86 and T—1, respectively,
of Fig. 1, and Figs. 8 and 9 are side and rear ele-
vational views, respectively, of the valve device
and pipe bracket as actually constructed, portions
of the pipe bracket and casing of the valve device
being broken away in Fig. 8 to more clearly illus-
trate certain features of the relay valve device.

The present invention relates particularly to a
relay valve device which is indicated by the ref-
erence character | in the accompanying draw-
ings.- This device may be employed in numerous
types of fluid controlled equipments, but for illus-
trative purposes only, it has been shown embodied
in a railway vehicle fluid pressure brake equip-
ment which comprises a main reservoir 2, a pres-
sure reservoir 3, a brake cylinder 4, a brake pipe 5,
a combined brake valve and brake switch device
8, a control valve device T, an electrically con-
trolled supply valve device 8 and an electrically
controlled exhaust valve device 9.

The relay valve device | may comprise a casing
18 which, as shown in Figs. 8 and 9, is secured to
a pipe bracket {{ supported by fluid conducting
pipes hereinafter mentioned or by any other suit-
able means. :

Operatively mounted in the casing 10 is a con-
trol piston {2 having piston rings {3 which slid-
ably contact with the inner surface of a tubular
bushing 14 secured to the casing and spaced away
from the piston 12 is a bafile piston {5 which is
of less diameter than the control piston 12 and
which is adapted to be reciprocated in a tubular

bushing 1§ secured to the casing, said pistons ¢

being integrally connected by a stem portion 17
which, for the sake of keeping the weight of the
piston assembly as light as possible, is made hol~
low as shown in Fig. 1.

- The diagmeter of the inner surface of the bush-
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ing (6 is made slightly greater than the diameter
of the piston 15, so as to provide an always open
restricted communication between a pressure
chamber {8 in the casing and a chamber {9 be-
tween the rear faces of the pistons 12 and 5,
the chamber 18, in the present embodiment of
the invention, being connected to the brake cylin-
der 4 through a passage 20 in the pipe bracket
Il and a pipe 21.

At the front side of the control piston {2 there
is a piston chamber 22 connected to . a passage
23 through which fluid under pressure is adapted
to be supplied to and released from the chamber.

The bushing 6 for the bafle piston [5 has
screw-threaded connection with the casing 10,
and when screwed in place, clamps an oiling pad
24 and a metallic support 25 therefor in place
within the chamber 19, the pad being maintained
in contact with the casing, so that oil which may
be supplied thereto, by way of a passage 31 in the
casing, may creep along the casing surface which
defines the inner end of the chamber 19 and
along the inner surface of the bushing 14, thus
lubricating the control piston 12. The passage 31
is closed to the atmosphere by a cap nut 35 which
has screw-threaded connection with the casing.

Extending inwardly from the baffle piston 15
and preferably integral therewith is a piston stem
2§ having a circular end portion 27 which is slid-
ably guided in a bushing 28 screwed to the casing.
One side of the guide portion 27 is open to the
chamber 18 and the other side to a chamber 29
and to prevent a dash-pot action when the stem
is moved inwardly by the control piston, the por-
tion 21 is provided with a passage 30 which con-
nects the chambers 18 and 29 and is constantly
open so as to permit the free flow of fluid from
either one of the chambers to the other.

Adjacent the chamber 29 the casing is pro-
vided with a bore which is connected to a passage
32 leading to the inner surface of the guide bush-
ing 28, and contained within the bore is an oil-
ing wick 33 of felt or other suitable material
which is adapted to be soaked with lubricating oil
and which is adapted to control the flow of oil
through the passage 32 to the bushing surface.
The bore is closed to the atmosphere by a cap nut
34 which has screw-threaded connection with the
casing. -

The piston stem 26 is provided intermediate
the baffle piston 15 and the guide portion 27 with
a rockable lever 36 which is mounted on an anti-
friction bearing 37 carried by a bolt 38 mounted
in a bushing 39 secured to the lever. One end of
the bolt is provided with a head 40 which is pro-
vided with a groove 41 for the reception of the
end of a screw driver or any other suitable tool
and at the other end is provided with a nut 42
having an annular collar which clamps the in-
ner race of the bearing 37 rigidly in place against
a collar 43 of the bushing which collar 43 main-
tains the bearing 37 spaced away from the ad-
jacent surface of the stem so as to insure free
movement of the lever, and is further provided
with a lock nut 44 for locking: the nut 42 against
rotation.

The outer race member of the bearing 37 is
pressed into rigid engagement with the lever 36
and to prevent dirt from entering the bearing
through the space between the inner and outer
race members, a plate 45 which covers this space
is secured to the lever by means of rivets or any
other desired securing means. The outer cover
plate 45 is provided with a central opening of a
diameter sufficient to insure against any fric-
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tional engagement between the plate and the
collar of the securing nut 42 and the inner cover
plate is provided with a similar opening to insure
against any frictional engagement between the
plate and the collar 43 of the bushing 39,

The lever 36 is contained in chamber 18 and is
provided with oppositely disposed arms 46 and 41
which are adapted to control the operation of an
exhaust valve mechanism and a supply valve
mechanism, respectively.

The exhaust valve mechanism comprises a
plunger 48, a pilot exhaust valve 49 and a main
exhaust valve 50. 'The plunger 48 at one end is
slidably guided in a bushing 5f mounted.in the
casing. This end of the plunger is provided with
a central bore 52 which is open to the chamber 18
through a passage 53 for the purpose of prevent-
ing a dash-pot action when the plunger is moved.
Contained in the bore is a spring 54 which oper-
atively engages the plunger and bushing and
which, as will hereinafter more fully appear, ex-
erts a light counterbalancing pressure on the
piston assembly. The plunger, adjacent its other
end, is slidably guided in a bushing 55 mounted
in the casing. Intermediate the bushings 51 and
55 and as indicated by the reference character
§8, the plunger is reduced in diameter to form
spaced shoulders 57 and 58 which are adapted to
be operatively engaged by oppositely disposed
convex surfaces 59 and 60, respectively, on the
end portion of the arm 46 of the controlling lever,
said end portion of the lever being forked to ac-
commodate the portion 56 of the plunger. The
plunger is provided with a collar 61 which is
located above the bushing 55 and beyond the
collar is provided with a screw-threaded por-
tion 62.

The main exhaust valve 50 is provided with a
stem 63 which is in axial alignment with the
plunger 48 and which is provided with radially
spaced guide lugs 64 which slidably engage the
inner surface of a bushing 65 mounted in the
casing, said bushing being provided at one end
with a valve seat 66 for the exhaust valve. The
valve stem is integrally connected to a piston 61
which is slidably mounted in the bushing 65, and
this piston is provided with a small port 68 which
constantly connects a chamber 69 at one side of
the piston to a chamber 10 at the opposite side
thereof which is constantly open to the atmos-
phere through passages 11 in the bushing 65, a
chamber T2 and a passage 12 in a cap T4 of the
casing. The main exhaust valve is provided with
a valve seat 76 on which, as will hereinafter be
more fully described, the pilot exhaust valve 49

is adapted to seat and is provided with an axial-:

bore 16 which extends from the valve seat 15
through the valve stem 63 to the outer face of the
piston 61. '

The pilot exhaust valve 49 is in axial alignment
with the plunger 48 and main exhaust valve 50
and is provided with a circular head 11, and
adjacent the head, is provided with a smaller
square portion 18. The head portion is attached,
in abutting relation; to the screw-threaded end
portion 62 of the plunger by means of a hooded
nut 19, as shown in Fig. 1, said nut being held
against accidental turning by means of a pin
80 which passes through the nut and plunger
and which at each end is peened over the nut.
The hood portion of the nut is provided with a
square opening to accommodate the square por-
tion 18 of the pilot exhaust valve.

The valve 49 is provided with a stem 81 which
passes longitudinally through the bore 76 in the
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main exhaust valve and which, at its end, is pro-
vided with a stop nut 82 and a locking nut 83 for
locking the stop nut against accidental turning.
The stop nut is tightened down in close engage-
ment with a circular collar 84 which is preferably
integral with the valve stem 8¢ and is adapted to
engage spaced semi-circular bosses 85 extending
outwardly from the face of the piston 61, the

_ spaces between the ends of the bosses insuring an
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open communication between the piston chamber
§9 and the bore 78 in the main exhaust valve 50
and valve stem 63 when the stop nut is in engage-
ment with the bosses. It will here be noted that
the diameter of the bore 16 is increased for a
short distance inwardly from the face of the pis-
ton 67 so as to provide for the flow of fluid past
the collar 84 which is substantially the same diam-
eter as that portion of the bore which is of small
diameter.

The pilot exhaust valve is movable relative to
the main exhaust valve 50 and since, as shown
in Fig. 1, the valve stem is of less diameter than
the greater portion of the bore 16, the stem is pro-
vided adjacent each end with spaced guide lugs 86
which slidably engage the main exhaust valve
within the bore 16 to maintain the pilot exhaust
valve centralized with relation to the main ex-
haust valve.

It will be understood from the foregoing de-
scription of the exhaust valve assembly, that
when the pilot exhaust valve is open, as shown in
Fig. 1, there will be an open communication from
the piston chamber 69 to the pressure chamber
{8 by way of the bore 76.

In the manufacture of the relay valve device
the plunger 48, pilot exhaust valve 49 and main
exhaust valve 58 are secured together as a unit
preparatory to being mounted in the casing. In
assembling these parts, the plunger 48 and -pilot
exhaust valve 49 are first connected together by
means of the nut 19, then the main exhaust valve
is mounted on the stem 81 of the exhaust valve
and finally the stop nuts 82 and 83 are turned to
the position in which they are shown in Fig. 1.
In turning the nut 82 down tight on the collar 84
the nut 79 is adapted to be engaged by the jaws
of a wrench to prevent the plunger from being
turned, the stem 81 being held from turning by the
engagement of the nut with the square portion
18 of the stem.

The supply valve mechanism may comprise a
valve piston which in the present embediment of
the invention consists of a piston 87 and a main
supply valve 88 having an annular sleeve 88 which
has a pressed fit with the piston within an open-

” ing provided in the piston. The piston is slidably
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guided in a bushing 90 which is secured to the
casing 10. This bushing is provided with a valve
seat 91 which surrounds a2 passageway 92 leading
from a chamber 93 at one side of the valve piston
to the pressure chamber {8, said chamber 93 being
constantly in open communication by way of
openings 94 in the bushing, chamber 95 in the
casing and a passage and pipe 96 with a fluid
pressure supply source, such as the main reser-
voir 2. The main supply valve 88 is movable into
or out of seating engagement with the valve seat
9i and is therefore adapted to control communi-
cation through the passageway 92.

At the other side of the valve piston there is
provided a chamber 87 which is connected to the
chamber 85 through a passage 98 of small diam-
eter provided in a choke plug 99 having screw-
threaded connection with the casing.

Contained in the chamber 87 is a pilot supply

valve 100 which is adapted to be moved into and
out of engagement with a seat 191 provided on the
end of the valve sleeve 89 to contrcl communica~
tion through a central bore 182 in the sleeve,
which bore leads from the valve seat to a narrow
slot: 163 provided in the face of the main supply
valve, said slot being in constant openn communi-
cation with the pressure chamber 8.

Also contained in the chamber 97 are controlv

coil springs 104 and 9% which at all times urge
the valve piston and pilot supply valve respec-
tively toward their seats. The spring 104 is inter-
rosed between and operatively engages the Dis-
ton 87 and a cap nut 106 which closes an opening
in the casing 10 through which the bushing 92,
valve piston assembly, pilot supply valve 100 and
springs are adapted to be inserted or removed
from the casing. The spring 105 is encircled by
the spring 104 and is interposed between and
operatively engages the cap nut 106 and a spring
seat 10T which is preferably integral with the
pilot supply valve. The spring seat 107 is of
greater diameter than the pilot supply valve 100,
but since, as showt in Fig. 1, the greater portion
of the spring seat is. maintained spaced away from

the valve piston the fluid pressure in chamber 97

will act to oppose the opening movement of the
pilot supply valve only over an area equal to the
area within the seated portion of the valve, thus

rendering the valve easily movable to its open g

position.

The pilot supply valve 100 is provided with a
fluted stem 108 which is slidably guided in the
supply valve. When the pilot valve is seated, the

stem. (08 extends across the slot 103 and projects -

a short distance beyond the face of the main sup-
ply valve and is adapted to be operatively en-
gaged by one end of a valve controiling plunger
{09 which is axially aligned with the valve piston
and pilot supply valve and which is slidably
guided in a bushing {18 mounted in the casing.
This end of the plunger has a diameter which is
greater than the width of the slot 103, so that it
will operatively engage the face of the main sup-
ply valve after the pilot supply valve has been
moved a limited distance in opening direction.
The other end of the plunger 109 operatively en-
gages with a convex surface {11 provided on one
side of the arm 47 of the control lever 36. The
opposite side of the arm 47 is provided with a
convex surface {12 which is adapted to engage
with the convex face (13 of a fulcrum member
it4 having screw-threaded connection with a
bushing {15 mounted in the casing. The fulerum
member |14 is adjustable relative to the casing 10

and is made so for the purpose of varying the -

positions of the several movable parts of the valve
device to compensate for unavoidable inaccu-
racies in manufacture and to compensate for wear
as will hereinafter be more fully described.

The bushing 115 is provided with slots 116 which
are spaced apart and which extend inwardly some
distance from one end of the bushing to form a
lug 117 which is adapted to be slightly sprung
inwardly into locking frictional engagement with
the screw-threaded portion of the fulcrum mem-
ber by means of a locking bolt {18 which is Io-
cated in the pressure chamber 18 and which has
screw-threaded connection with the casing 10,
thus providing an effective locking means for
maintaining the adjustable fulcrum member in
any position to which it may be adjusted.

In Fig. 1 of the drawings the relay valve device
is shown more or less diagrammatically for the
purpose of more clearly illustrating certain fea-
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4
tures of the invention which could nhot otherwise
be shown without confusing complications, but
in Fig. 8 a side elevational view, partly in section,
of the relay valve device as actually constructed
is shown, and in Fig. 9 a back face view of the
valve device is shown, the fluid conducting pipes
leading to the pipe bracket being shown in sec-
tion.

From an inspection of Fig. 8 it will be seen
that the rear wall of the casing 10 is provided
with a large opening 120 leading to the chamber
18, which opening is adapted to be closed by the
bipe bracket (1 when the casing is secured to the
bracket as shown in Figs. 8 and 9. :

This opening is provided for three purposes, first
to permit of the insertion of the control lever 36
into the pressure chamber, second to permit of
the insertion of a wrench or other tool for turn-
ing the nut 42 on the bolt 38 carried by the piston
stem 26, and third to permit of the insertion of
a suitable tool for turning the adjustable fulerum
member 114,

The front wall of the casing 10 is provided with
an opening {2{ through which the bolt 38 is
adapted to be inserted in the central bore of the
bushing 39 and through which the end of g, screw
driver or other tool may be passed into engage-~
ment with the head 48 of the bolt 38 for holding
the bolt against rotation when the nut 42 on the
other side of the stem 28 is being tightened. When
the lever is secured to the piston stem 26 this
opening 121 is closed by means of a plug 122,
which has screw-threaded connection with the
casing.

The combined brake valve and brake switch
device § shown diagrammatically in Fig. 1 of the
drawings may comprise a rotary valve 123 and a
rotary switch {24 which may be simultaneously
moved to their several brake controlling positions.

The control valve device T may comprise a cas-
ing having a piston chamber (25 connected to the
brake pipe § and contained in this chamber is a
piston: 126 having a stem 127 adapted to actuate
2 main slide valve 128 and an auxiliary slide
valve 128 contained in a chamber {30 connected
through a passage and pipe 131 to the pressure
reservoir 3. :

The electrically controlled supply valve device
8 may comprise a casing containing the usual
winding adapted upon energization and deener-
gization to control the operation of a valve 132
contained in a valve chamber 133 connected to the
pipe 18{. Also contained in the chamber 133 is a
spring 134 which, at all times, tends to urge the
valve 132 toward its seat. The valve is operative
to control communication between the valve
chamber 133 and a chamber (35 which is con-
nected through a pipe and passage 136 to a pas-
sage {37 leading to the seat of the main slide
valve of the control valve device 1. One end of
the winding of the device 8 is connected by a
wire £38 to a switch contact {38 in the combined
brake valve and brake switch device 6 and the
other end of the winding is connected to ground.

The electrically controlled exhaust valve device.

¢ may comprise a casing containing the usual
winding adapted upon energization and deener-
gization to control the operation of an exhaust
valve 140 contained in a chamber {41 which is
constantly open through a passage 142 to the
atmosphere. Contained in a chamber 143 which
is constantly in open communication with the
bassage 136 by way of a passage 144, is a spring
145 which, at all times, tends to urge the exhaust
valve 140 in a direction away from its seat. One

2,008,401

end of the winding of the device 8 is connected by
a wire 146 to a switch contact 147 in the com-
bined brake valve and brake switch device 6.
The other end of the winding is connected to
ground.

For supplying current to the windings of the
devices 8 and 9 a battery 148 may be employed.

One terminal of the battery is connected to -

ground and the other terminal is connected to a .

switch contact 149 in the device 6.

The passage 23 which is connected to the piston
chamber 22 of the relay valve device is connected
with a pipe 150 which is open to a passage 151
leading to the seat of the main slide valve of the
valve device 1.

Ovperation of the adjusting means

In assembling the several parts of the relay
valve device I, the adjustable fulcrum member
114 is screwed into the bushing 115 a sufficient
distance that it cannot possibly interfere with
the proper seating of the main and pilot supply
valves 88 and 100 respectively. After the supply
valves are properly seated and the annular stop

~rib 189 of the piston 12 is in contact with the

cover plate 186 of the casing 10, the adjustable
fulcrum member 114 is turned outwardly. As
the member is thus turned it causes the arm 471
to move into engagement with the adjacent end

of the plunger 169 of the supply valve mecha- &

nism, and when in such engagement, the arm 41,
due to the continued rotation of the fulerum
member shifts the plunger in a direction toward
the pilot supply valve. When there is a slight
clearance between the valve engaging end of the
plunger and the stem 108 of the pilot supply valve
the fulcrum member is no longer rotated and is
then secured in its proper position by turning the
locking bolt {18 down and thereby forcing the lug
117 into close frictional engagement with the ful-
crum member,

When the lever 35 is being moved by the ful-
crum member {{4 the piston remains in its nor-
mal position, so that the Iever 36 rocks in a coun-
terclockwise direction about the bolt 38, and as
a consequence the plunger 48 and connected
exhaust valve parts are moved in the direction
toward the piston 12 against the opposing pres-
sure of the spring 54.

If, in repairing the relay valve device it is
necessary to regrind the valves to their seats and
it is found that due to such regrinding, the valve
stem 198 engages the adjacent end of the plunger
{05 and the plunger tends to prevent the pilot
valve 100 from seating properly, the fulcrum
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member is turned down until the proper clearance -

is provided between the valve stem and plunger.
When the fulcrum member is being thus adjust-
ed, the lever 38 permits the plunger 48 and pilot
exhaust valve 48 to move in the direction toward
the pilot exhaust valve seat 15, sufficient clear~
ance being initially provided between the valve
49 and seat 15 that such movement of the valve
will not materially affect the rate of flow of fluid
from the chamber {8 to the piston chamber 69 in
the release movement of the device. )

- It will thus be seen that by means of the mem-~
ber 114 adjustments in the device may be made
fo compensate for inaccuracies or wear of the
several operating parts.

- Charging the equipment

In charging the equipment, fluid under pressure
supplied to the main reservoir 2 flows therefrom
through pipe and passage 96 to the chamber 95
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in the relay valve device, and from this chamber
fluid flows through the passages 94 to the main
supply valve chamber 93. Fluid also flows from
chamber 95 through the restricting passage 98
in the plug §9 to the pilot supply valve chamber
97. The flow of fluid from the chamber 95 to the
chamber 93 is at a faster rate than the flow of
fluid to the chamber §1 by way of the restricting
passage 88, but since, as will hereinafter more
fully appear, the pressure of the spring 104 is
sufficient to maintain the main supply valve &8
seated against full main reservoir pressure in
chamber 93, the communication between the
chambers 93 and {8 will not be unintentionally
established.

Fluid under pressure supplied to the main reser-
voir pipe 96 flows therefrom through a feed valve
device 152 of the usual construction and a pipe
153 to the combined brake valve and brake switch
device 6. With the device § in release position as
shown in Fig. 1, fluid supplied tc the pipe 153
flows by way of a cavity 154 in the rotary valve
123 to the brake pipe 5§ and consequently to the
piston chamber 125 of the control valve device
7. Fluid under pressure in the chamber {25 in-
sures movement of the piston 12§ and associated
slide valves {28 and 129 to their normal position
as shown in Fig. 1, if they are not already in this
position. With the piston thus positioned fuid
under pressure flows from the piston chamber 125
by way of a feed groove i5% to the valve chamber
129 and from thence flows through pipe (3! to the
pressure reservoir 3 and valve chamber {33 of the
magnet valve device 8.

With the control valve device T in its normal
position as shown in Fig. 1, the control piston
chamber 22 of the relay valve device I is connect-
ed to the atmosphere by way of passage 23, pipe
150, passage {31, a cavity 156 in the main slide
valve {28 of the control valve device 1, passage
§37, pipe and passage 136, passage (44, spring
chamber {83 of the magnet valve device 9, past
the unseated valve {48, valve chamber (4! and
passage 142,

With the piston chamber 22 of the relay valve
device vented, the piston 12 and the several parts
associated therewith will be in the position in
which they are shown in Fig. 1. In this position
the chamber 18 and consequently the brake cyl-
inder 4 are connected to the atmosphere by way
of the unseated main exhaust valve §0, chamber
18, passages 11, chamber 12 and passage 73.

Eleciric application of the brakes

When the equipment is thus charged with fluid
under pressure and it is desired to effect an ap-
plication of the brakes by means of the electrical-
1y controlled valve devices 8 and 9, the combined
krake valve and brake switch device is turned to
electric application pesition. In this position the
brake pipe 5 and piston chamber {25 of the con-
trol valve device T are maintained charged by way
of pipe 183 and a cavity 157 in the rotary valve
{23, so that the piston {28 of the control valve
device and the associated slide valves {28 and 129
will be maintained in their normal position as
shown in Fig. 1. Further, in this position a
switch contact 158 connects the contacts (47, 138
and {48 thus closing the circuits through the
windings of the magnet valve devices 8 and 9
and battery {48, thus energizing said windings.
Upon the energization of the winding of the mag-
net valve device 8, the exhaust valve 140 is caused
to seat and close communication from the passage
144 and consequently from the piston chamber 22

- wardly,

5

of the relay valve device | to the atmosphere, and
upon energization of the winding of the magnet
valve device 8, the supply valve 132 is caused to
move out of seating engagement with its seat.
The valves {40 and 132 as they are thus moved
compress the springs 145 and 134 respectively.

With the valve 132 unseated, fluid under pres-
sure flows from the pressure reservoir 3 to the
piston chamber 22 of the relay valve device |
by way of pipe (31, valve chamber §33 of the mag-
nst valve device 8, past the open valve 132 and
its fluted stem, chamber 1385, passage and pipe
$36, passage 137, cavity 198 in the main slide valve
of the control valve device 1, passage {51, pipe
$86 and passage 23 in the casing 10 of the relay
valve device,

Pluid under pressure thus supplied to the piston
chamber 22 causes the relay control piston 12 to
move inwardly from the position in whicx i) is
shown in Fig. 1. It will here be understodd fnxt
when the piston {2 is in the position in which it
is shown in Fig. 1, the spring 54 is slightly com-
pressed and acts, through the medium of the
plunger 48, lever 36, piston stem 26 and fulerum
member {14, to assist the fluid pressure supplied
to piston chamber 22 in moving the piston 12 in-
This spring also acts. to cushion the
piston when it is moved from its inner position to
its outer position. It will be noted that the piston
12 is provided with an annular stop rib 159 which
projects outwardly from the face of the piston
and which is adapted to engage the inner surface
of a cover plate 168 forming a part of the casing
18 and closing the open end of the chamber (2,
and that the cover plate is provided with a groove
{61 which, when the stop rib 159 is in contact
with the cover plate, establishes a communication
from one side of the rib to the other so that fluid
under pressure in the chamber 22 acts over the
greater portion of the area of the face of the
piston. In view of this, and in view of the fact
that the spring 54 acts to assist in moving the
biston inwardly, the piston will respond quickly
to an increase in the pressure of fluid in the
chamber.

As the connected pistons 12 and {5 are moved
inwardly, the piston stem 26 thereof carries
the bolt 38 and central portion of the lever 36 in
the same direction, and as the lever is thus
moved, the end of the arm 47 thereof fulcrums on
the adjacent end of the plunger 109, the force
of the spring 105 acting on the plunger 109
through the medium of the pilot supply valve
108 being sufficient to prevent movement of the
plunger by the lever until, as will hereinafter
more fully appear, the pilot and main exhaust
valves 49 and 50, respectively, are seated.

Since the end of the arm 47 of the lever 36
is fulerumed as just described, the arm 46 is
caused to move in the same direction as the pis-
tons and stem 26 are moving, the lever rocking
slightly about the bolt 38 and the end of the
arm 47 rocking slightly on the end of the plung-
er 189, The arm 46 as it thus moves forces the
plunger 48 in the same direction as the piston
stem 26 is moving and first causes the pilot ex-
haust valve 48 to engage its seat 19 and then
through the medium of said valve causes the
main exhaust valve 53 to engage its seat 66. As
the main exhaust valve is moved toward its seat,
the piston 87T which moves with the valve, de-
creases the volume of the chamber 69 and fluid
in this chamber which would be otherwise com-
pressed by the piston 67 is permitted to exhaust

10

15

20

25

30

35

40

45

50

60

65

70

75




23

10

25

30

92
57

40

45

50

55

60

70

75

6

through the small passage 68 in the piston, cham-
ber 10, passages Ti, chamber 12 and passage 13
to the atmosphere. It will bé seen that the vent-
ing of fluid from the chamber 68 instead of per-
mitting it to be compressed : and thereby resist
the closing movement of the main exhaust valve,
contributes to the sensmveness of the relay valve
device as a whole.

When the main exhaust valve 50 is seated the
shoulder 57 on the plunger 48 acts as a station-
ary fulerum for the arm 46 of the lever 36 so
that as the pistons 12 and 15 and stem 26 con-
tinue to move inwardly the arm 47 is caused to
move- in the same direction as the piston stem is
moving, the lever rocking slightly about the bolt
38 and the end of the arm 4n rocking slightly on
the shoulder 51.

The arm 47 as it is thus moved forces the
plunger 109 in the same direction as the pis-
ton stém 26 is moving and said plunger being
in engagement with the fluted stem (98 of the
pilot supply valve 100 causes this valve to be
unseated against the opposing pressure of the
spring 185. Fluid under pressure now flows from
chamber 97 to the chamber I8 at a faster rate

‘than fluid is supplied thereto through the re-

stricting passage 98 in the plug 99. This re-
sults in a reduction in the pressure of fluid in
the chamber 9T and as a consequence the pres-
sure acting on the piston 87 to maintain the valve
88 seated is reduced.

" After the pilot valve 100 has been unseated the
plunger 188 engages the face of the valve 88 on
each side of the slot 103. It will here be under-
stood that the rate of reduction in the pressure
of fluid in the chamber 97 by the flow of fluid
to the chamber 18 is such that at the time the
plunger operatively engages the face of the valve
88 the pressures of the springs 194 and (05 and
fluid in chamber 97 slightly exceeds the main res-
ervoir pressure in chamber 93 and acting on that
portion of the valve piston which surrounds the
valve 88. 'In view of this only a slight increase
in the pressure of fluid in piston chamber 22 over
that required to unseat the valve 100 is necessary
to cause the valve 88 to be unseated against
the opposing reduced seating pressure. This
partial unloading of the piston 81 contributes
materially to the sensitiveness of the relay valve
device as a whole.

- Fluid under pressure supplied from the main
reservoir to the chamber 93 now flows past the
unseated supply valve 88 to the chamber {8 and
from thence flows through pipe 21 to the brake
cylinder 4, thus effecting an application of the
brakes.

Under certain conditions the supply of fluid
past the main supply valve 88 to chamber 18 may
be at such a rapid rate as to momentarily pro-
duce a pressure in chamber 18 which exceeds the
actuating or control pressure in the piston cham-
ber 22, It would be undesirable to permit this
high pressure to act on the rear face of the pis-
ton i2 for the -reason that it would tend to
cause the piston to move toward its normal or
brake releasing position and thereby permit the
supply valve 88 to close and to remain closed

until such time as the pressure in chamber 18

is reduced, by flow to the brake cylinder, slight-
ly below the actuating pressure in chamber 22,
at which time the piston 12 would be caused to
again move to unseat the supply valve. In
order to prevent this undesired alternate open-
ing and closing of the supply valve 88, and to in-
sure a continuous increase in the pressure in
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chamber 18 and consequently in brake cylinder
4, the rapid flow of fluid from chamber I8 to
the chamber 19 at the rear of the piston is pre-
vented by the restricted flow of fluid past the
baffle piston 15. By thus restricting the flow of
fluid to chamber 19, the rate of increase in the
pressure of this chamber is slightly slower than
that of the increase in the actuating pressure in
piston chamber 22, so that as long as fluid under
pbressure is being supplied to the chamber 22,
the piston 12 will not be permitted to move for-
wardly to permit the supply valve 88 to close.
- If the combined brake valve and brake switch
device 6 is left in application position until such
time as the fluid pressure from the pressure res-
ervoir 3 equalizes into the piston. chamber 22, a
full application of the brakes will be effected.
If, however, the device 6 is moved from applica-
tion position to lap position before such equal-
ization takes place, less than a full application
of the brakes will result.

When the combined brake valve and brake
switch device € is moved from application posi-
tion to lap position, the circuit through the wind-
ing of the magnet valve device 9 is maintained
closed, so that the exhaust valve 148 remains
closed, and the circuit through the winding of
the magnet valve device is opened and the wind-
ing deenergized, so that the spring 134 acts to
seat the supply valve 132, thus closing off the flow
of fluid from the pressure reservoir 3 to the pis-
ton chamber 22,

‘When the pressure of fluid in the chamber {9 of
the relay valve device becomes substantially

equal to the pressure of fluid in the piston cham- 3

ber 22, the spring 104 and fluid under pressure
in chamber 97 act to seat the main supply valve
88 of the valve piston 87, after which the spring
105 acts to seat the pilot supply valve 183. The
supply valves as they are thus moved to their
seats, shift the plunger 189 and thereby the arm
47 of the lever 36 in the same direction. Since
the arm 46 of the lever is fulecrumed on the
plunger 48 this movement of the arm 47:causes
the piston assembly to move outwardly, i. e., to-
ward the position in which it is shown in Fig. 1.

The seating of the supply valves 82 and 100
closes off the supply of fluid under pressure to
the chamber {8, so that the piston assembly
comes to a stop before or just as the arm 47 of
the lever engages the fulecrum member 1{4 and
the lever 36 still maintains the exhaust valves 49
and 50 seated.

If for any reason the frictional resistance of
the several movable parts of the device should
be great enough to prevent fluid under pressure
in chamber 87 and the springs 104 and {95 from
moving the piston assembly and associated parts
to lap position in the manner just described,
the piston assembly will nevertheless be moved
to lap position when the combined pressures of
the springs, fluid under pressure in chamber 97
and the fluid under pressure in chamber 19 at
the back of the piston 12 is sufficient to over-
come such resistance.

If less than a full application of the brakes
has been effected and it is desired to increase
the brake cylinder pressure, the combined brake
valve and brake switch device 6 is again moved
to application position causing the supply valve
132 to open and supply fluid under pressure to
the piston chamber 22 of the relay valve device.
This causes the piston assembly and supply valves
to be operated to again control the supply of
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fluid under pressure to the chamber 18 and
brake eylinder 4. :

Electric release of the brakes

When it is desired to release the brakes, the
combined brake valve and brake switch device
is moved to release position in which the wind-
ings of the magnet valve devices 8 and 9 are de-
energized. Upon deenergization of the winding
of the device 8, the spring 184 acts to seat the
supply valve (32, and upon deenergization of
the winding of the device 9, the spring 145 acts
to unseat the exhaust valve 140.

With the exhaust valve unseated, fluid under
pressure is vented from piston chamber 22 to
the atmosphere by way of passage 23, pipe 150,
passage {54, cavity 156 in the main slide valve
of the control valve device 1, passage 1371, pipe
and passage 138, passage {44, chamber 43 in
the magnet valve device 9, past the exhaust valve
148, valve chamber 141 and passage (42.

Assuming that the several parts of the relay
valve device are in lap position when fluid under
pressure is vented from the piston chamber 22,
fluid under pressure in chamber 19 acting on the
rear face of the piston 12 causes this piston to-
gether with the baffle piston i5, piston stem 26,
belt. 38 and the central portion of the lever to
move outwardly to the position in which this pis-
ton assembly is shown in Fig. 1.

At substantially the same time as the piston
assembly starts to move from lap position to-
ward release position, the end of the arm 47
of the lever 36 fulcrums on the fulcrum mem-

per (14 and thereafter the continued movement

of the piston stem 26 cutwardly causes the arm
45 of the lever and thereby the plunger 48 to
move in the direction of the piston 12, the
plunger compressing the spring 54. The plunger
in its movement first moves the pilot exhaust
valve 49 from its seat against the opposing seat-
ing pressure of the fluid in chamber 18 and then:
through the medium of the valve stem 81 and
stop nut 82 moves the main exhaust valve 59 out
{ engagement with its seat.

It will here he noted that when the pilot ex-
haust valve 49 is unseated, fluid under pressure
flows from the chamber {8 to the pisten chamber
89 by way of the bore 78 in the piston stem and
the spaces between the semi-circular bosses 85
on the face of the piston 67. The volume of the
chamber 88 is small and the flow of fluid there-
to is at a fairly rapid rate so that the pressure
of fluid in chamber {8 quickly equalizes into the
chamber 68, the flow area of the passage 68 in
the piston being so small that the flow of fluid
therethrough from the chamber to the atmos-
phere will not materially interfere with such
equalization.

Fluid under pressure admitted to the chamber
89 acts through the medium of the piston 67 to
substantially unload the main exhaust valve 50
so that substantially only the frictional resistance
of the piston 87 and the power of the spring 54
need be overcome by the piston assembly to un-
seat the valve,

With the main exhaust valve unseated, fluid
under pressure flows from the chamber {8 and
connected brake cylinder to the atmosphere by
way of the open valve, chamber 19, passage Tl,
chamber 12 and passage 73, thus releasing the
brakes.

If when the brakes are applied and the sev-
eral parts of the relay valve device are in their
lap position, the pressure of fluid in chamber (8

7

is reduced by leakage, the piston 12 will respond

to such reduction to unseat the pilot supply valve

{80 and thereby permit fluid at main reservoir

pressure to flow from the chamber 371 to the
chamber {8 to compensate for such leakage.
Thus any desired brake cylinder pressure is
maintained against leakage.

Pneumatic application of the brakes

If, for any reason, the electrical controlling
equipment is rendered ineffective, to control the
supply and release of fluid under pressure to and
from the piston chamber 22 of the relay valve
device, the brake valve 123 may be moved to con-
trol such supply and release of fluid under pres-
sure.

If it is desired to control an-application of the
brakes pneumatically, the valve 123 is moved to
pneumatic application position in which the
brake pipe 5 is connected through a cavity 185
to a pipe 166 leading to the atmosphere and as
a consequence of this a reduction in brake pipe
pressure is effected.

The reduction in brake pipe pressure also
causes a corresponding reduction to be effected
in the piston chamber 125 of the control valve
device 7, so that fluid under pressure in valve
chamber (30 causes the piston 126 to move from
the positien in which it is shown in Fig. 1 to
its outermost pnsition, first shifting the aux-
iliary slide valve 129 to uncover a supply port
{87 in the main slide valve 128 and then shifting
the main slide valve to bring the port 167 in
registration with the passage 15{. Pluid under
pressure now flows from the pressure reservoir
3 to the piston chamber 22 of the relay -valve
device by way of pipe and passage 131, port 167,
passage 151, pipe (5% and passage 23. Fluid
under pressure thus supplied to the chamber 22
causes the several parts of the relay valve device
to function, in the same manner as hereinbe-

_fore described in connection with the electrical

control, to control the supply of fluid under pres-
sure to the brake cylinder 4.

If before a full application of the brakes is :

effected the valve 128 is moved to lap position,
the brake pipe communication to the atmosphere
is lapped and therefore the reduction in brake
pipe pressure is stopped. Now when the pressure
of the chamber is reduced, by flow of fluid there-
from to the chamber 22, slightly below brake pipe
pressure, the preponderance of brake pipe pres-
sure in piston chamber 125 causes the piston {26
to move rearwardly shifting the auxiliary slide

valve 129 relative to the main slide valve 128 far i

enough to lap the port 167 to close off the fiow
of fluid from the valve chamber 139 tc the piston
chamber 22. - No further reduction in the.pres-
sure of fluid in the valve chamber 130 takes place,
so that the movement of the piston and slide
valve ceases before the main slide valve is moved.
With the flow of fluid thus closed off to the cham-~
ber 22, the several parts of the relay valve device
move to lap position in the same manner as here-
inbefore described.

Preumatic release of the brakes .

" 'When it is desired to.release the brakes, the
valve 123 is moved to release position in which
fluid under pressure is again supplied to the brake
pipe and consequently to the piston chamber {25
of the control valve device 1. Fluid under pres-
sure in this chamber causes the piston 125 and
associated slide valves 128 and 28 to move to
their innermost position, in which the feed groove
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ity 156 in the main slide valve 128 establishes the
atmospheric communication from the piston
chamber 22,

Fluid under pressure is now vented from the
chamber 22 to the atmosphere through this com-
munication and as a result the relay valve device
functions, as hereinbefore described, to release
fluid under pressure from the brake cylinder to
effect g release of the brakes.

While one illustrative embodiment of the in-
vention has been described in detail, it is not my
intention to limit its scope to that embodiment or
otherwise than by the terms of the appended
claims.

Having now described my invention, what I
claim as new and desire to secure by Letters Pat-
ent, is: .

1. In a valve device for fluid pressure appara-
tus, the combination with a casing having a pres-
sure chamber from which fluid under pressure is
adapted to.be supplied to and released for con-
trolling fluid pressure operated apparatus, of an
exhaust valve normally establishing an exhaust
communication from said chamber, a source of
fluid under pressure from which fluid is adapted
to be supplied to said chamber, a supply valve
assembly normally closing communication from
said source to said pressure chamber and having
at one side a control chamber supplied with fluid
under pressure from said source and having at the
other side a supply chamber which is supplied
with fluid under pressure from said source, said
supply valve assembly comprising a main valve
for controlling communication from said supply
chamber and thereby from said source to said
pressure chamber and a pilot valve for control-
ling a venting communication from said control
chamber, means operable to first actuate the ex-
haust valve to close said exhaust communication,
and then actuate said pilot valve to vent fluid

- under pressure from the control chamber to re-

duce the seating pressure on the main supply
valve and to finally actuate the main supply
valve to admit fluid under pressure from said sup-
ply chamber and source to the pressure chamber.

2. In a valve device for fluid pressure appa-
ratus, the combination with o casing having a
pressure chamber from which fluid under pressure
is adapted to be supplied to and released for con-
trolling fluid pressure operated apparatus, of an
exhaust valve normally establishing an exhaust
communication from said chamber, a source of
fluid under pressure from which fluid is adapted
to be supplied to said chamber, a supply valve
assembly normally closing communication from
said source to said pressure chamber and having
at one side a control chamber supplied with fluid
under pressure from said source and having at the
other side a supply chamber which is supplied

. with fluid under pressure from said source, said
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supply valve assembly comprising 2 main valve
for controlling communication from said supply
chamber and thereby from said source to said
pressure chamber and a pilot valve for control-
ling a venting communication from said control
chamber, means operable to first actuate the ex-
haust valve to close said exhaust communication
and then actuate said pilot valve to vent fluid un-
der pressure from the control chamber at such a
rate relative to the rate of supply of fluid under
pressure to the control chamber as to reduce the
seating pressure on the main valve and to finally
actuate the main supply valve to admit fluid un-
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155 is opened by the piston and in which the cav-

der pressure {rom said supply chamber and source
to said pressure chamber. :

3. Ina valve device for fluid pressure apparatus,
the combination with a casing having a pressure
chamber from which fluid under pressure is
adapted to be supplied to and released for con-
trolling fluid pressure operated apparatus, of an
exhaust valve normally establishing an exhaust
communication from said chamber, a source of
fluid under pressure from which fluid is adapted
to be supplied to said chamber, a supply valve
assembly normally closing communication from
said source to said pressure chamber and having
at one side a control chamber supplied with fluid
under pressure from said source through a flow re-
stricting passage and having at the other side a
piston chamber supplied with fluid under pres-
sure from said source through a passage having a
relatively large flow area, said supply valve as-
sembly comprising a main valve for controlling
communication from said piston chamber to said
pressure chamber and a pilot valve for controlling
a venting communication from said control cham-
ber, said venting communication having a greater
flow; area than that of said flow restricting pas-
sage, means operable to first actuate the exhaust
valve to close said exhaust communication, and
then actuate said pilot valve to vent fluid under
pressure from the control chamber to reduce the
seating pressure on the main supply valve and to
finally actuate the main supply valve to admit
fluid under pressure from said source to the pres-
sure chamber, said means being operable when it
is desired to release fluid under pressure from
the pressure chamber to first permit the supply
valve assembly to operate to close the supply
communication and to then actuate said exhaust
valve to open said exhaust communication.

4. In' &4 valve device for fluid pressure appa-
ratus, the combination with a casing having a
pressure chamber through which fluid under
pressure is adapted to be supplied to and released
from & fluid pressure responsive device to be
controlled, of an exhaust valve mechanism nor-
mally establishing an exhaust communication
from said chamber, a source of fluid pressure from
which fluid under pressure is adapted to be sup-
plied to said chamber, a supply valve mechanism
normally closing communication from said source
of fluid under pressure to said chamber, said ex-
haust valve mechanism comprising a main valve,
& piston attached to the main valve and a pilot
valve movable relative to the main valve for
controlling a communication from said pressure
chamber to a control chamber at one side of said
piston and said supply valve mechanism com-
prising a main valve normally subjected in its
seating direction to the pressure of fluid from
said source and also comprising a normally seated
pilot valve, means operable by fluid under pres-
sure for first actuating the pilot exhaust valve
to close communication from said pressure cham-
ber to said control chamber then actuating the
main exhaust valve to close the exhaust com-
munication, then actuating the pilot supply valve
to reduce the fluid pressure acting on the main
supply valve and finally actuating the main sup-
ply valve to admit fluid under pressure from said
source to said chamber.

5.In a valve device for fluid pressure appa-
ratus, the combination with a casing having a
pressure chamber through which fluid under
pressure is adapted to be supplied to and released
from a fluid pressure responsive device to be con-
trolled, of an exhaust valve mechanism normally
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establishing an exhaust communication from said
chamber, a source of fluid pressure from which
fluid under pressure is adapted to be supplied to
said chamber, a supply valve mechanism normally

closing communication from said source of fluid-

under pressure to said chamber, said exhaust valve
mechanism comprising a main valve, a piston
attached teo the main valve and a pilot valve
movable relative to the main valve for controlling
a commricaticn from said pressure chamber to
a control chamber at one side of said piston
and said supply valve mechanism comprising a
main valve normally subjected in its seating direc-
tion to the pressure of fluid from said source
and also comprising a normally seated pilot valve,
means operable by fluid under pressure for first
actuating the pilot exhaust valve to close com-
munication from said pressure chamber, said con-
trol chamber then actuating the main exhaust
valve to close the exhaust communication, then
actuating the pilot supply valve to reduce the
fluid pressure acting on the main supply valve
and finally actuating the main supply valve to
admit fluid under pressure from said source to
said chamber, said means being operable upon
the release of fluid therefrom to first permit the
main and pilot supply valves to close off the
communication from the source of fluid pressure
to the presstre chamber, tc then actuate the
pilot exhaust valve to admit fluid under pressure
from the pressure chamber to the control chani-
ber and thereby relieve the main exhaust valve of
the load imposed thereon by fluid under pres-
sure in the pressure chamber and finally actuate
the unlcaded main exhaust valve to establish the
exhaust communication from the pressure cham-
ber.

6. In g control valve device for fluid pressure
apparatus, the combination with a casing having
a chambper through which fluid under pressure
is adapted io be supplied to and released from
5 fluid pressure responsive apparatus to be con-
trolled, of an exhaust valve mechanism normally
establishing an exhaust communication through
which said chamber is open to the atmosphere
and operable to close said exhaust communica-
tion, a source of fluid pressure from which fluid
under pressure is adapted to be supplied to said
chamber, a supply valve mechanism normally
closing a supply communication from said source
to said chamber and operable to open the supply
communicabtion, and pressure responsive mecha-
nism operable by fluid under pressure supplied to
one side thereof for actuating said mechanisms to
increase the pressure of fluid in said chamber and
operable upon the release of fluid under pres-
sure from said side for effecting the operation
of said mechanisms to vent fluid under pressure
from said chamber, said exhaust valve mecha-
nism being loaded in its exhaust communication
closing position by fluid under pressure in said
chamber, and means operable by said pressure
responsive mechanism upcn the release of fuid
under pressure from said side of the pressure
responsive mechanism for relieving the exhaust
valve mechanism of the load imposed thereon by
the pressure of fiuid in said chamber.

7. In a control valve device for fluid pressure
apparatus, the combination with a casing having
s ‘chamber through which fluid under pressure
is adapted to be supplied to and released irom a
fluid pressure responsive apparatus to be con-
trolled, of an exhaust valve mechanism normally
establishing an exhaust communication through
which said chamber is open to the atmosphere

9

and operable to close said exhaust communica-
tion, a source of fluid pressure from which fluid
under pressure is adapted to be supplied to said
chamber, a supply valve mechanism normally
closing a supply communication from said source
to said champer, said supply valve mechanism
being normally loaded in its supply communica~
tion closing directicn by fluid under pressure and
said exhaust valve mechanism when in its ex-
haust
loaded in its seating direction by fluid under pres-
sure supplied to said chamber, and means operable
by fluid under pressure for actuating said exhaust
valve mechanism to close the exhaust communi-
cation, to then relieve the supply valve mechanism
of a portion of the fiuid pressure load imposed
thereon and to finally actuate the supply valve
mechanisim 0 open the supply communication

to said chamber, said means being operakle upon -

the release of fluid under pressure supplied
thereto to first permit the supply valve mecha-
nism to close the supply communication, to then
relieve the exhaust valve mechanism of the fluid
pressure load imposed thereon and to finally
actuate the unloaded exhaust valve to its exhaust
communication opening position.

3. In a control valve device, the combination
with a casing having a chamber through which
fluid under pressure is adapted to be supplied to
and released from a device to be controlled, of
an exhaust valve mechanism normally establish-
ing an exhaust communication from said cham-
ber, a source of fluid under pressure, a supply
valve mechanism normally closing a supply com-~
munication from said source to said chamber,
means operable by fluid under pressure supplied
to one side thereof for actuating said valve mech-
anisms to first close the exhaust communication
and to then open the supply communication and
operable upon the release of fluid under pressure
from said side for first effecting the closing of
the supply communication and then effecting the
opening of the exhaust communication, said ex-
haust valve mechanism comprising an exhaust
valve which when the exhaust valve mechanism
is in its exhaust communication closing posi-
tion is loaded in its exhaust communication clos-
ing direction by fluid under pressure in said
chamber and comprising means operable when
the supply valve mechanism closes the supply
communication for relieving the exhaust valve of
the load imposed thereon by the fluid pressure
in said chamber.

9. Tn a valve device for fluid pressure appara-
tus, the combination with a casing having a. pres-
sure chamber to which fluid under pressure is
adapted to be supplied and from which fluid
under pressure is adapted to be vented, an ex-
haust valve having one position for establishing
a communication through which fiuid under
pressure is adapted to be vented from said cham-
ber and having another position for closing said
communication, said valve when in the latter
position being loaded in its communication clos-
ing direction by fluid under pressure. in said
chamber, means operable to relieve the valve of
the fluid pressure load, and means for first actu-
ating the first mentioned means and for then
actuating the valve to the first mentioned posi-
tion for venting fluid under pressure from said
chamber.

10. In a valve device for fluid pressure appara-
tus, the combination with a casing having a
pressure chamber to which fluid under pressure
is adapted to be supplied and from which fluid

communication closing position  being ;
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under pressure is adapted to be vented, an ex-
haust valve having one position for establishing
a communication through which fluid under
pressure is adapted to be vented from said cham-
ber and having another position for closing said
communication, said valve when in the latter po-
sition being subjecteéd on one side to the pressure
of fluid in said chamber and on the opposite side
to fluid at a lesser pressure, means operable to
permit the chamber pressure to equalize on said
opposite side of the valve and means for first
actuating the first mentioned means and for then
actuating said valve to vent fiuid under pressure
from said chamber.

11. In a valve device for fluid pressure appara-
tus, the combination with a casing having a pres-
sure chamber to which fluid under pressure is
adapted to be supplied and from which fluid

-under pressure is adapted to be vented, an ex-

haust valve having one position for establishing

a communication through which fluid under.

pressure is adapted to be vented from said cham-
ber and having another position for closing said
communication, said valve when in the latter
position being subjected on one side to the pres-
sure of fluid in said chamber and on the opposite
side to fluid at a lesser pressure, means operable
to permit the chamber pressure to equalize on
said opposite side of the valve and means for
first actuating the first mentioned means and
for then actuating said valve through the me-
dium of the first mentioned means to vent fluid
under pressure from said chamber.

12. In a valve device for fluid pressure appara-
tus, the combination with a casing having a pres-
sure chamber to which fluid under pressure is
adapted to be supplied and from which fluid
under pressure is adapted to be vented, an ex-
haust valve having one position for establishing
a communication through which fluid under pres-
sure is adapted to be vented from said chamber
and having another position for closing said
communication, said valve when in the latter
position being loaded in its communication clos-
ing direction by fluid under pressure in said
chamber, a pilot valve operable to admit fuid
under pressure from said chamber to the other
side of the exhaust valve to relieve the exhaust
valve of the load imposed thereon by the fluid
under pressure in said chamber, and means for
first actuating said pilot valve and for then ac-
tuating the exhaust valve to vent fluid under
pressure from said chamber. :

13. In a valve device for fluid pressure appara-
tus, the combination with a casing having a
bressure chamber to which fluid under pressure

is adapted to be supplied and from which fluid.

under pressure is adapted to be vented, an ex-
haust valve having one position for establishing
a communication through which fluid under
pressure is adapted to be vented from said cham-

ber and having another position for closing said-

communication, said valve when in the latter
position being loaded in its communication clos-
ing direction by fluid under pressure in said
chamber, a pilot valve operable to admit fluid
under pressure from said chamber to the other
side of the exhaust valve to relieve the exhaust
valve of the load imposed thereon by the fluid
under pressure in said .chamber, means for first
actuating said pilot valve and for then actuating
the exhaust valve to vent fluid under pressure
from said chamber, and means for venting fluid
irom said other side of said piston.

14, In a va,lveA device for ﬁuid pressure . ap--
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paratus, the combindtion with a casing having a
pressure chamber to which fluid under pressure
is adapted to bé supplied and from which fuid
under pressure is adapted to be vented, an ex-
haust valve having ohe position for establishing
a communication through which fluid under
pressure is adapted to be vented from said cham-
ber and having another position for closing said
communication, a piston carried by said valve
and having its face exposed to a piston chamber
at atmospheric pressure when the valve is in its
communication closing position, said valve when
in its communication closing position being load-
ed in its communication closing direction by
fluid under pressure in said pressure chamber,
means operable to admit fluid under pressure
from said pressure chamber ‘o said piston cham-
ber to thereby relieve the valve of the load im-
posed thereon by the fiuid under pressure in said
pressure chamber, and means for actuating the
first mentioned means and for then actuating
said valve to vent fiuid under pressure from the
pressure chamber.

15. In a valve device for fAluid pressure appara-
tus, the combination with a casing having a
pressure chamber to which fluid under pressure
is adapted to be supplied and from which fluid
under pressure is adapted tc be vented, an ex-
haust valve having one position for establishing

a communication through which fluid under ¢

pressure is adapted to be vented from said cham-
ber and having another position for closing said
communication, a piston carried by said valve
and having its face exposed to a piston chamber
at atmospheric pressure when the valve is in
its communication closing position, said valve

when in its communication closing position be--

ing loaded in its communication closing direc-
tion by fluid under pressure in said pressure
chamber; means operable to admit fluid under
bressure from said pressure chamber to said
piston chamber to thereby relieve the valve of
the load imposed thereon by the fluid under pres-
sure in said pressure chamber, means for actuat-

ing the first mentioned means and for then ac- -

tuating said valve to vent fluid under pressure
from the pressure chamber, and means for vent-
ing fluid under pressure from the piston chamber
to the atmosphere.

16. In a control valve deviee for fluid pressure
apparatus, the combination with a casing having
a chamber through which fluid under Pressure is
adapted to be supplied to and released from a
fluid pressure responsive apparatus to be con-
trolled, of an exhaust valve mechanism normally
establishing an exhaust communication through
which said chamber is open to the atmosphere
and operable to close said exhaust communica-~
tion, a source of fluid pressure from which fluid
under pressure is adapted to be supplied to said
chamber, a supply. valve mechanism normally
closing a supply communication from said source
to said chamber and operable to open the supply
communication, piston means movable by fluid
under pressure, a lever pivotally carried inter-

mediate its ends by said piston means and ad--

jacent its ends being adapted to operatively en-
gage said valve mechanisms and being opera-
tive, upon movement of said piston, to first ac-
tuate the exhaust valve mechanism to close the
exhaust communication and to then actuate the
supply valve mechanism to open the supply com-

‘munication, said supply valve mechanism acting

as a fulerum for said lever until the exhaust
communication is closed and said exhaust valve
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mechanism when closed acting as a fulecrum for
the lever during the opening movement of the
supply valve mechanism, and means arranged
at one side of said lever and in axial alignment
with the supply valve mechanism for position-
ing the lever relative to the supply valve mech-
anism.

17. In a control valve arrangement for fluid
pressure apparatus, the combination with a con-
trol valve device comprising a casing having a
pressure chamber through which fluid under
pressure is adapted to be supplied to and re-
leased from a. device to be controlled, and hav-
ing in one of its walls an opening leading from
the exterior of the casing to the pressure cham-
ber and also having an open ended piston cham-
ber, a supply valve mechanism mounted in the
casing operative to control the supply of fluid
under pressure to the pressure chamber, an ex-
haust valve mechanism mounted in the casing
operative to control the release of fluid under
pressure from said chamber, a lever operable to
control the operation of said valve mechanism,
a piston assembly adapted to carry said lever
and operative for applying an actuating force to
said lever, said piston assembly being inserted
in said casing through the open end of the pis-
ton chamber, a cover plate secured to the casing
after the piston assembly is inserted in the cas-
ing to close the open end of the piston chamber,
and said lever being inserfed in said chamber
through said opening, said opening facilitating
the mounting of the lever on said piston assem-
bly, and a pipe bracket to which said casing is

adapted to be secured, said bracke: when the

casing is secured thereto closing said opening.
18. In a control valve device for fluid pressure
apparatus, the combination with a casing adapt-
ed to be secured to a supporting member and
having a chamber through which fluid under
pressure is adapted to be supplied to and released
from a device to be controlled, a supply valve
mechanism operative to control the supply of
fluid under pressure to said chamber, an ex-

5 haust valve mechanism operative to control the

release of fluid from said chamber, a piston oper-
atively mounted in said casing and having a
piston which is contained in said chamber, and
a, lever mounted on said stem and operative
thereby to control the operation of said valve
mechanisms, said casing having an opening
which is normally closed by said supporting
member and through which the connection be-

~ tween the lever and piston stem is accessible
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when the casing is removed from the supporting
member.

19. In a control valve device for fluid pressure
apparatus, the combination with a casing adapt-
ed to be secured to a supporting member and
having a chamber through which fluid under
pressure is adapted to be supplied to and released
from a device to be controlled, a supply valve
mechanism operative to control the supply of
fluid. under pressure to said chamber, an ex-

¥ haust valve mechanism operative to control the

release of fluid from said chamber, a piston op-
eratively mounted in said casing and having a
piston which is contained in said chamber, a
lever mounted on said stem and operative there-
by to control the operation of said valve mecha-~
nisms, adjustable means interposed between said
lever and casing operative to position said lever
to provide the proper operating relationship be-
tween the lever and valve mechanisms, said cas-
ing having an opening which is normally closed
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by said supporting member and through which
the connection between the lever and piston stem
and the adjusting means are accessible when
the casing is removed from the supporting
member.

20. In a relay valve device, in comblnatlon a
casing having a chamber, an exhaust valve for
controlling the release of fluid under pressure
from said chamber, a piston carried by said
valve, a pilot valve associated with and having
a movement relative to said exhaust valve and
operable upon movement relative to said ex-
haust valve for supplying fluid under pressure
to the chamber at one side of said piston to
facilitate the movement of said exhaust valve,
and means for operating said valves.

21. In a relay valve device, in combination, a
casing having a chamber, an exhaust valve for
controlling the release of fluid under pressure
from said- chamber, a piston carried by said
valve, a pilot valve associated with and having
a mevement relative to said exhaust valve and
operable upon movement relative to said exhaust
valve for supplying fluid under pressure to the
chamber at one side of said piston to facilitate
the movement of said exhaust valve, a lever for
operating said valves, a fulerum for said lever,
and means for operating said lever.

22. In a relay valve device, in combination, a
casing having a chamber, an exhaust valve for
controlling the release of fiuid under pressure
irom said chamber, a piston carried by said valve;
a pilot valve associated with and having a move-
ment relative to said exhaust valve and operable
upon movement relative to said exhaust valve for
supplying fluid under pressure to the chamber
at one side of said piston to facilitate the move-
ment of said exhaust valve, a lever for operating
said valves, a fulcrum for said lever fixed to said
casing and means connected with said lever be-
tween said fulecrum and valves for operating the
lever,

23. In a relay valve device, in combination, a
casing having a chamber, an exhaust valve for
controlling the release of fluid under pressure
from said chamber, a piston carried by said valve,
2 pilot valve associated with and having a move-
ment relative to said exhaust valve and operable
upon movement relative to said exhaust valve
for supplying fluid under pressure to the cham-
ber at one side of said piston to facilitate the
movement of said exhaust valve, a lever having
an arm for operating said valve and having an-
other arm adapted to be fulcrumed, a fulcrum
for said other arm, and means connected with
said lever between said arms for operating the
lever.

24. In a relay valve device, in combination, a

casing having a chamber, a supply valve. oper-
able to supply fluid under pressure to said cham-
ber, an exhaust valve for controlling the release
of fluid from said chamber, a pilot valve for con-
trolling the operation of said supply valve, a
spring opposing the movement of said pilot valve,
a lever for operating said pilot valve and said ex-
haust valve and movable to first close said ex-
haust valve with the pilot valve acting as a ful-
crum and for then opening said pilot valve
against the pressure of said spring, and means
for operating said lever.

25. In a relay valve device, in combina.tion, a
casing having a chamber, a supply valve opérable
to supply fluid under pressure to said chamber,
an exhaust valve for controlling the release of
fluid from said chamber, a pilot valveé for eon-
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trolling the operation of said supply valve, a
spring opposing the movement of said pilot valve,
a lever for operating said pilot valve and said ex-
haust valve and movable to first close said ex-
haust valve with the pilot valve acting as a ful-
crum and for then opening said pilot valve
against the pressure of said spring, and a mov-
able abutment operated by fluid under pressure
for actuating said lever.

.26, In a relay valve device, in combination, a
casing having a chamber, a supply valve for con-
trolling the supply of fluid under pressure to said
chamber, an exhaust valve for releasing fluid

- under pressure from said chamber, a piston car-
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ried by said supply valve, a piston carried by
said exhaust valve, a pilot valve operative upon
movement relative to said supply valve for vary-
ing the fluid pressure on said supply valve pis-
ton, a pilot valve operable upon movement rela-
tive to said exhaust valve for varying the fluid
pressure on said exhaust valve piston, and means
for operating said pilot valves.

27.-In a relay valve device, in combination, a
casing having a chamber, a normally seated sup-
ply valve for controlling the supply of fluid under
pressure to said chamber, a. normally unseated
exhaust valve for controlling the release of fluid
under pressure from said chamber, a piston car-
ried by said supply valve, a piston carried by said
exhaust valve, a pilot valve movable relatively to
said supply valve for venting fluid under pressure
from said supply valve piston, a pilot valve mov-
able relatively to said exhaust valve for supply-
ing fluid under pressure to said exhaust valve pis-
ton, and means for actuating said pilot valves.

28. In a brake controlling valve device, in comn-
bination, a casing having a chamber, a supply
valve for controlling the supply of fluid under
pressure to said chamber, a release valve for con-
trolling the release of fluid under pressure to said
chamber, a lever operable in two directions for
controlling the operation of said valves, means
for actuating said lever from either one of said
positions to the other, said lever when actuated
in one direction first moving said exhaust valve
to close a release communication from the cham-
ber and then moving the supply valve to supply
fluid under pressure to the chamber, said supply
valve acting as a fulecrum for the lever until the
exhaust valve is closed and the exhaust valve
when closed acting as a fulerum for the lever,
and a fulcrum member rigidly carried by the cas-

ing, said lever when actuated in the other direc- -

tion perinitting the supply valve to close the sup-
ply communication to said chamber and then

" actuating the exhaust valve to release fluid under
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pressure from said chamber, said fulcrum mem-
ber being engaged by said lever after the supply
valve is closed.

29. In a brake controlling valve device, in com-~
bination, a casing having a chamber, a supply
valve for controlling the supply of fluid under
pressure to said chamber, a release valve for
controlling the release of fluid under pressure to
said chamber, 2 lever operable in two directions
for controlling the operation of said valves, means
for actuating said lever from either one of said
positions to the other, said lever when actuated
in one direction first moving said exhaust valve
to close g release communication from the cham-
ber and then moving the supply valve to supply
fluid under pressure to the chamber, said supply
valve acting as a fulcrum for the lever until the
exhaust valve is closed and the exhaust valve
when closed acting as a fulcrum for the lever, a

2,096,491

fulecrum member adjustably carried by the cas~
ing, and means for locking the fulcrum in its
adjusted position, said lever when actuated in the
other direction permitting the supply valve to
close the supply communication to said chamber
and then actuating the exhaust valve to release
fluid under pressure from said chamber, said
lever engaging said fulecrum after the supply

valve is closed and before said exhaust valve is-

opened.

30. In a brake controlling valve device, in com-
bination, a casing having a chamber, valve mech-
anisms operative to increase or decrease the pres-
sure of fluid in said chamber, a lever for con-
trolling the operation of said valve mechanisms
and an abutment movable in one direction by
fluid under pressure supplied to one side there-
of for moving said lever for effecting the opera-
tion of said valve mechanisms to increase the
pressure of fluid in the chamber and movable in
the opposite direction upon a reduction in the
pressure of fluid on said side for effecting the
operation of said valve mechanisms to decrease
the pressure of fluid in said chamber, and means
cooperating with said lever for exerting a pres-
sure on said movable abutment tending to move
the abutment in the first mentioned direction.

31. In a brake controlling valve device, in com-
bination, a casing having a chamber, valve mech-
anisms operative to increase or decrease the pres-
sure of fluid in said chamber, a lever for con-
trolling the operation of said valve mechanisms
and an abutment movable in one direction by
fluid under pressure supplied to one side there-
of for moving said lever for effecting the opera-
tion of said valve mechanisms to increase the
pressure of fluid in the chamber and movable in
the opposite direction upon a reduction in the
pressure of fluid on said side for €effecting the
operation of said valve mechanisms to decrease
the pressure of fluid in said chamber, and spring
means cooperating with said lever for exerting

. a pressure on said movable abutment tending to

move the abutment in the first mentioned direc-
tion.

32. In a brake controlling valve device, in com-
bination, a casing having a chamber, valve mech-
anisms operative to increase or decrease the
pressure of fluid in said chamber, a lever for
controlling the operation of said valve mecha-
nisms and an abutment movable in one direction
by fluid under pressure supplied to one side
thereof for moving said lever for effecting the
operation of said valve mechanisms to increase
the pressure of fluid in the chamber and mov-
able in the opposite direction upon a reduction
in the pressure of fiuid on said side for effecting
the operation of said valve mechanisms to de-
crease the pressure of fluid in said chamber, and
means cooperating with said lever for exerting a
pressure on said movable abutment tending to
move the abutment in the first mentioned direc-
tion, said means acting to cushion said abutment
in its movement in said opposite direction.

33. In a control valve device for fluid pressure
apparatus, a casing having a chamber, a normal-
ly open exhaust valve, a normally closed supply.
valve, a member operative in one direction to
first close the exhaust valve and to then open
the supply valve to increase the pressure of fluid
in said chamber and operative in the cpposite.
direction to first effect the closing of the supply
valve and to then open the exhaust valve. to
decrease the pressure of fluid in said chamber,
fluid pressure responsive means for moving said
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member, and means rigidly carried by said cas-
ing and arranged in the path of travel of the
member adapted upon movement of the member
in said opposite direction to engage and effect
the operation of said member to open the exhaust
valve after the supply valve has closed.

34. In a control valve device for fluid pressure
apparatus, & casing having a chamber, a normal-
ly open exhaust valve, a normally closed sup-
ply valve, a member operative in one direction
to first close the exhaust valve and to then open
the supply valve to increase the pressure of fluid
in said chamber and operative in the opposite
direction to first effect the closing of the sup-
ply valve and to then open the exhaust valve
to decrease the pressure of fluid in said cham-
ber, fluid pressure responsive means for mov-
ing said member, and means rigidly carried by
said casing adapted upon movement of the
member in said opposite direction to engage and
impart a rocking movement to said member after
the supply valve is closed to open the exhaust
valve.

35. In a control valve device for fluid pressure
apparatus, a casing having a chamber, a nor-
mally open exhaust valve, a normally closed sup-
ply valve, a member operative in one direction to
first close the exhaust valve and to then open
the supply valve to increase the pressure of fluid
in said chamber and operative in the opposite
direction to first effect the closing of the supply

13

valve and to then open the exhaust valve to de-
crease the pressure of fluid in said chamber,
fluid pressure responsive means for moving said
member, and means carried by said casing adapt-
ed upon movement of the member in said oppo-
site direction to effect the operation of said
member to open the exhaust valve after the sup-
ply valve has closed, said means being adjustable
relative to the casing for positioning the mem-
ber to determine the time at which said exhaust
valve will open with relation to the closing of the
supply valve.

36. In a control valve device for fluid pressure
apparatus, a casing having a chamber, a normally
open exhaust valve, a normally closed supply valve,
a member operative in one direction to first close
the exhaust valve and to then open the supply
valve to increase the pressure of fluid in said
chamber and operative in the opposite direction
to first effect the closing of the supply valve
and to then open the exhaust valve to decrease
the pressure of fluid in said chamber, fluid pres-
sure responsive means for moving said member,
and means carried by said casing adapted upon
movement, of the mermber in said opposite direc-
tion to effect. the operation of said member to
open the exhaust valve after the supply valve
has closed, said means being adjustable relative
to the casing for positioning the member rela-
tive to said supply valve.
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