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HENRY L. HOWE, OF CANANDAIGUA, NEW YORK.

TRIPLE VALVE FOR AIR-BRAKES.

SPECIFICATION forming part of Letters Patent No. 507,132, dated October 24,1893,

Application filed June 6, 1892,

Serial No, 435,735,

(No model.)

To all whom it may concern:

Be it known that I, HENRY L. HOWE, a citi-
zen of the United States of Ameriea, residing
at Canandaigua, in the county of Ontario
and State of New York, have invented cer-
tain new and useful Improvements in Triple
Valves for Air-Brakes, of which the follou ing
is & specification.

This invention relates generally to that
class of valvesnowcommonly known astriple-
valves for air brakes, that is to say, a valve

capable of controlling three differentair pas-

sage connections, as for instance the connec-

‘tion between a supply or train-pipe and an
auxiliary reservoir, between an auxiliary res-

ervoir and an operating or brake - ¢ylinder,

and a direct connection between the supply

or train-pipe and the opemtmg or brake-cyl-
1inder.

In the triple valves now in common use

there is provided aby passor * charging slot”
around the operating piston by which the

fluid pressure may leak around or past said
piston from the train pipe into the auxiliary

reservoir after the train pipe pressure has
been raised and is effecting the release of the
brakes and also by which a leakage around

or past said piston is had from the auxiliary |

reservoir into the train pipe when the train
pipe pressure is first reduced to effect the ap-
plication of the brakes. In one of these in-
stances there is an unnecessary leakage ot air
from the auxiliary reservoir into the train-
pipe and in the other from the train pipeinto |
the auxiliary reservoir, which tends to inter-
fere with the timely response of the operating
parts to any change in pressure in the train
pipe. In other word ,the effectiveness of the
change of pressure in the train pipe, either to
apply the brakes or to let them off, 1s less-
ened in proportion to the quantity of air that
leaks or is permitted to leak around the op-
erating piston.

In the old forms of valves in brm*r:‘-vn:w:‘-r the
parts to release position, the train pipe press-
ure has to feed as many auxiliary reservoirs
as there are cars, and hence, where there are
a number of cars the triple valves nearest the
engine will operate earlier than those farther
removed so that the engineer is required to
keep supplying such pressure in the train
pipe to overcome the leakagesin the succeed-

¢

| ing triple valves, as they operate successively

and uncover the charging slots to charge the
auxiliary reservoirs. The present invention
primarily, is directed to wholly overcome this
permissive leakage, so that 1mmediately a
change of pressure is made in the train pipe
that change effects the desired result of it-
self, and the entire variation in train pipe

pressure is utilized to accomplish the move-

ment of the triple valve without such change
in pressure being reduced in effectiveness by
being augmented or lessened. To this end,
also, only that variation -of pressure in the
train pipe need be made which is absolutely
necessary to produce the desired movement
of the parts, thereby lessening the extent of
variation needed, and also making the parts
respond 1mmed1atel3 and without the delay
which necessarily occurs when there isa leak-
age of the pressure from one partof the valve
to another. -

- Having these objects 1n view my improve-
ments consist essentially in a means by which
the pressure is retained in the supply or train
pipe until a certain reduction of pressure has
been effected in the brake cylmde1 or until
the triple valve has been moved to its release
position whereby such train pipe pressure
thus prevented from leaking into the auxil-
iary reservoir, is brought to bear wholly upon
the operating piston to cause its movement
quickly and without any loss of air, or of press-
ure. 'These means also enable all the triple
{ valves in a long train of cars to move to re-
lease position substantially simultaneously

| instead of successively because the effective

pressure in the train pipe throughout the
length of a train is operating without leakage

| uponthe operating piston of each of the tri ple

valves and such pressure 1s retained in the
train pipe, can be quickly raised in pressure,
and such pressure maintained, and confined
to effect the movement of the Operatln piston
without losing any of its effectiveness by rea-
son of any portion of the quantity or pressure
of the air expanding intc the auxiliary reser-
voir. These means also operate to effect the

proper and quick application of the brakes
when the ftrain pipe pressure is reduced and
to lessen the amount of reduction needed by
closing all communication between the aux-
iliary reservoir and the train pipe sothat the
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auxiliary reservoir pressure is saved for use | in the exhaustor running position. Fig. 2,1s

in putting on the brakes and is prevented
from leaking into the train pipe toretard the
reduction of pressure inthe train pipe as well
as to lessen the pressure in theauxiliary res-
ervoir. Theimproved means, therefoie, com-
pels an immediate response on the partof the
movable parts of the triple valve upon any
change of pressurein the train pipe so that the
brakes are quickly applied and quickly re-
leased, no matter what the length of the train
of cars may be; by which much air issaved in
producing the desired movements of the triple
valve, and a less change in quantity of fluid
supplied to or exhausted from the train pipe
18 needed to produce such movement.

In another application filed by me in the

United States Patent Office, February 6, 1892,
Serial No. 420,496, thereis shown and set forth
a novel construction and arrangement of co-
operating slide - valves, and a piston, with
proper ports and passages, by which the triple-
valve action is effected by variation of the

improvements are forconvenience shown and
described herein in connection with such a
form of triple valve as a practical exemplifi-
cation of the same, The particularimproye-
ment, it 18 to be understood, is not intended

thereby to be limited in its use to such a form

of valve. |
Briefly stated, the improvements consist in
a valve, piston or the like adapted to auto-

matically control a passage or by-passbetween

the supply or train pipe and an auxiliary res-
ervoir, sald valve being controlled in its po-
sition by a certain difference in pressure
between that in said supply or train pipe
and that in the operating or brake cylinder,
whereby, first, upon a reduction in pressure
in the train pipe and an accumulation of
pressure in the brake eylinder, the commu-
nication through the aforesaid passage be-
tween the train pipe and auxiliary reser-
voir is cut off; second, the pressure in the
brake cylinder may be reduced before this
communication between the train pipe and
auxiliary reservoiris opened to recharge said

reservoir; and third, the train pipe pressure
is retained until the triple valve is brought

to a release position or to a position to relieve
orcexhaust the pressurein the brake-cylinder,
thereby preventing all loss of pressure in the
train pipe through premature leakage there-
from into the charging ports of the triple
valve or connected devices, and holding the
pressure on the fluid in the train pipe until
the pressure in the brake cylinder has been

reduced by exhausting it down to a low de-

gree, and thereby effecting a positive release
of the brakes. | | |

The accompanying drawings illustrate a
practical embodiment of the invention in one
form of triple valve for air brakes.

Insaid drawings: Figure 1, is a vertical sec-
tional elevation of a triple valve provided

a similar view, showing the parts in “service-
stop” position; and Fig. 3,isa like view with
the partsin “ emergency-stop ” position. Fig.

4, 18 a sectional elevation of another form of

valve with the present improvements added.
As the general construction and arrange-
ment of the triple valve are the same as that
set forth in my said application, correspond-
ing parts will be lettered and numbered and
called alike. |
The valve shell 1, is provided with a valve

~chamber 2, having an opening for communi-

cation with an auxiliary reservoir; ducts 32,

3°, communicating with a brake eylinder
opening 3; a passage 3 leading to the train-
pipe-opening 4, being also open to the piston-
cylinder 6 through passage 14; and having
a passage in communication with the exhaust
port 7. In the valve chamber 2 are arranged
a pair of slide valves 8 and 10; the valve 8
IS a recessed valve and controls the duects 32,

| 3% the passage to the exhaust port 7, and the
pressure in the train pipe, and the present

passage o to the train pipe, and has an inde-
pend ent exhaust duct 9 extending across its
recess which at the proper time coincides with
the passage to the exhaust port 7; and italso
has an opening 8° through its top wall. The
valve 8 is also provided with a flange 8¢,
that is adapted to overlie and partially close
the train pipe passage 5 so that the passage
from the train pipe passage into the valve
chamber 2 is somewhat restricted during the
ordinary operation of the triple valve, but in
emergency stop position, when the valve 8
has been moved as hereinafter set forth, the

passage 5 is completely opened to the recess

of the valve 8. The other valve 10 partially
contains8 or overlies the valve 8 and moves
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the latter through its projections 11, 12, a

sufficient space being provided between said
projections and the valve 8 to permit a limited
movement of the valve 10 relative Lo the other
valve. The valve 10 has an inner recess 10°
adapted to open communication between the
chamber of the valve 8 and the exhaust port
7 through opening 8® and duect 9; and also a
port 10* that coincides with a port 8* in the
valve 3 at the proper time.

The pair of valves 8,10, are moved by con-
nection with an operating piston 15, arranged
in the cylinder 6 through a stem 16 leading
from the valve 10. 'The mnovement of the pis-
ton 15 and pair of valves in one direction is

IXIO

IT5

120

yieldingly opposed by a suitable spring 17,

arranged in a recess 20 in the head 19 of the
valve shell 1,its pressure beingregulated and
held by an adjusting serew 21 and lock nut
23. The spring, however, is of such length
as to allow the piston 15and its immediately
connected valve 10 to move a short distance

from their limit of movemwent in one direc-

tion unopposed by said spring, as will be ob-
served by referring to Fig. 1. |

The passage 5 to the train pipe is provided
with a double seated check valve 13 working

with the improvement, the parts being shown | in an enlargement 5% between upper and
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lower valve seats 13*and 13% the wings of the | passage 5 below the check valve.

valve fitting and being gulded by the walls of
the passage 5. The passage 5 is constantly
Incommunication by an annular channel 14*
and piston duct 14, with the piston cylinder
6 in rear of the operatm piston 15, the pis-
ton not acting to restrict or cut off such com-

munication.

The piston 15 1s provided with an arm 13,
extending forward across the passage 5, and
over the double check valve 13, adapted to
engage with a projection 18* on the end of
the check valve when the piston is at the
limit of its rearward or emergency stroke to
hold said check valve from seating against
its upper seat 13° when the parts are in
“emergency’” position, as in Fig. 3, so that
the brake cylinder may receive the fluid di-
rect from the train pipe in addition to that
from the auxiliary reservoir, and when said
arm 18 is moved slightly from this stopping
position permitting said valve to closeagainst
its upper seat 13* immediately the train pipe
pressure 1is ralsed to cause the piston and
valves tomovetoward the release position asin
Fig.1l. Thisclosingof the double check-valve
13 against its upper seat 13 and shutting off
the further passage of fluid to brake eyhnder
the instant it 1s desired to release the brakes
in a long train of cars, 18 obviously of great
importance, as thereby the letting off of the
brakes is not retarded by the passing of the
fluid from the train pipe to the auxiliary res-
ervoir or to the brake cylinder, and hence
very little fluid 1s wasted from the train pipe
in effecting the release of the brakes, which
fluid may, therefore, be stored up and main-
tained in the train pipe until such time as
the by passage hereinatter described will have
opened communication between the train
pipe passageand theauxiliary reservoir when
the fluid can then be let into said reservoir.

As the double check Va,lve 13 will seat itself
against its upper seat 15° when free from the
arm 18, immediately the train pipe pressure
18 ra,lsed means must be provided to open
commumeatlon between the train pipe and
the auxiliary reservoir, around, or past, as it
were, Said check valve ; and these means
should be subject to the control of the fluid
pressure or the diflerence 1n pressuresin the

apparatus so as to act automatically, that is
to say, should close communication between
the train pipe and the auxiliary reservoir,
and then open communication with said res-
ervoir only after the triple valve has moved
to release position. This automatie control
is effected in the present instance by provid-
ing a differential piston controlling said com-
munication and exposed at one side or area

to the fluid pressure in the brake eylinder

and upon the opposite side or other area to
that in the train pipe. 7o thisend the valve

shell 1 is formed with a passage or by-pass
F’, opening at one end into the train pipe
passage 9, above the double check valve 13,
and ab 1ts other end communicating with Smd

The open-
ing and closing of this passage F’ is con-

trolled by the Smeller end 33, of a differen-
tial piston that is mounted to reciprocate in

a chamber 31, which is in communication
Wlth the brake cylinder passage 3, through a
duct ¢/. The large area 30, of the differen-
tial piston is thus exposed fto the pressure
from the brake cylinder, while its smaller
area 33 is exposed to that from the train pipe.

When the parts are in the position shown
in Hig. 1, the triple valve 18 1n its exhaust or
charging position, the brake cylinder being
open to the atmosphere through the ports and
passages connecting it with the exhaust port
7, and the pressure in the train pipe having
eaused the check valve 13 to be seated aﬂ'amst
its upper seat 13° thereby cutting off the train
pipe passage from the eumha,ry reservoir, so
that said pressure i1s retailned in the train
pipe; but such pressure at the same time has
acted upon the small area 33 of the differen-
tial piston against but liftle pressure on the

| large area, and has moved said piston to open

the passage F/so that thefluid may pass from
the train pipe through said passage into the
valve chamber 2 and thence to the auxiliary
reservoir to charge the same.

Should the pressure in the train pipe be re-
duced forastop—“service” or“ emergency’—
the triple valve will have been so moved, as
in Fig. 2, or as in Fig. 3, that the fluid press-
ure let into the brake cylinder, either from
the auxiliary reservoir or from the train pipe
direct, will act upon the large area 30 of the
differential piston and move the same to close
the passage B’/ and prevent the fluid from
passing around or past the check valve 13
through said passage; and this closing move-
ment of the differential piston owing to the
difference in the areas of its oppomte ends
will be proportlonately quickly effected.

In service stops after the first reduction of
pressure in the train pipe to effect the move-
ment of the triple valve, as in Fig. 2, no air
can leak from the valve chamber 2 or from
the auxiliary reservoir into the train pipe be-
cause of the closing of the passage 5 by the
seating of the double check valve 13 upon its
lower seat 13* and by the closing of the pas-
sage I/ by the seating of a small check valve

40 so that whether or not the pressure in the

brake cylinder has been raised enough to
move the differential piston to close the pas-
sage B’ is immaterial, butin the construction
ehown owing to the la,rﬂ'e difference in the
two areas of the differ entml piston, it will
be necessarily moved to c¢lose the passage F’
when the total pressure on the large area ex-
ceeds that on the small area.

In bringing the parts of the triple valve to
the emergency stop position, as shown in Fig.
3, the train pipe pressure is reduced to a
1dI'D'eI‘ extent than that needed to effect a serv-
1ce stop, and this results in causing the dou-
ble check valve 13 to seat upon its lowel seat
13%; and about simultaneounsly therewith the
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-operating piston 15 (under the pressure in the

valve chamber 2 and because of the reduced
pressure in rear of said piston), moves back-
ward to the limit of its stroke, compressing
the spring 17, thereby bringing the underly-
ing valve 8 in position to connect by its recess

‘the traln pipe passage 5 with the brake cyl-
inder passage 3° and also bringing the end

of the finger 18 immediately above the end
13" of the double check valve. Immediately
the train pipe passage is open to the brake
cylinder passage, the pressureabovethe dou-
ble check valve expands through the recess
of the valve 3, intfo the brake cylinder, there-
by permitting the train pipe pressure below
the double check valveovercoming its weight
to raise said valve against the end of the
finger 13, which prevents it from seating
against its upper seat 13° and holds the train
pipe open so that the pressure from the train
pipe may expand directly into the brakecyl-
inder. Assoonasthepressureinthetrainpipe
and in thebrakecylinder isequalized the dou-
‘ble check valve falls to its lower seat 13° by
gravity,and the pressure inthe auxiliary res-
ervoir havingalsobeen gradually passinginto
the brake cevlinder by the coincidence of the
ports10*and 3*and it may be by the passage 32,
‘whereby the pressure tending to hold the op-
erating piston 15 at the limit of its outward
movementhasbeenreduced,thespring 17 com-
mences to slowly move said operating piston
forward toward its normal position so thatthe
end of thefinger18 is removed from position to
obstruct the seating of the doublecheck valve
upon its upper seat. As soon as the parts
have moved to the emergency position and
the pressureinthebrakecylinderacting upon
the larger area 30 of the differential piston is
enough to exceed the train pipe pressure act-
ing upon its smaller area 33, said differential

piston closes the by-passage F’ so that no.

pressure can pass in either direction through
said by - passage.
valve 40 1s used it moves to close the by-pas-
sage F/ immediately the train pipe pressure
is reduced to effect the emergency stop as be-
fore explained, and remains seated until the

pressure in the brake cylinder has been suffi-
ciently reduced, by exhausting to the atmos-

phere ashereinafter explained, that the press-
ure in the train pipe acting upon the smaller
area 33 of the differential piston is sufficient
to overcome the pressure in the brake cylin-
der that may be acting upon the large area
30 of said piston and to cause said piston to
be moved to open the by passage F’.
the parts have moved to emergency position
and the pressure has become equalized both
above and below the valves 10 and 8, the ten-

sion of the spring 17 is sufficiently strong to |

start the piston toward its normal position
and thus remove the finger 18from above the
end of the double check valve 13, so that
‘when the train pipe pressure is raised to cause
the parts to return to release position the
“double check valve is free to seat against its

When the small check

After

il

;
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upper seat 13° to confine the pressure to the
piston and thus

rear side of the operating
effect its movement.,
When it is desired to release the brakes
while the parts are in emergency stop posi-
tion the pressure in the train pipe is raised,
causing the double check valve 13 to be lifted
against its upper seat 13° to close the train
pipe the finger 18 having moved to permit
this seating of the check valve so that no
pressure may leak tlherefrom into the eylin-
der 6 or into the brake cylinder, and such
pressure passes by the passage 14 1o the rear
of the operating piston 15 so that aided by
the spring 17 it causes the piston 15 to move
toward its normal position, first moving the
slide valve 10 and thereaftér also moving the

slide valve 8 soasto bring the parts back to the

normal positionshown in Fig.1. When this po-
sitionisreached the brake cylinder is open to
theatmosphere through the passage 32, the re-
cessof thevalve8,port 8%, recess 10°,duect 9, and

exhaust port 7, thereby permitting the press-

ure in the brake cylinder to expand to the at-

mosphere and thusreleasein the hrakes. As

soon a8 this occurs, or assoon as the pressure
in the brake cylinder acting upon the large
area 30 of the differential piston is less than
the pressure in the train pipe acting upon
the small area 33 of said piston, such differ-
ential piston will be moved by the train pipe
pressure from the position shown in Fig. 3 to
the position shown in Fig. 1, so that if it be

‘now desired to charge the auxiliary reservoir,

the train pipe pressure may pass around the
double check valve 13 by the by passage F’
and thence by passage 5 and valve chamber
21nto theauxiliary reservoir. From the fore-
going 1t will be noticed that in thus return-
ing the parts of the triple valve to the release
position shownin Ifig.1,and openingthebrake
cylinder to the atmosphere so that the brakes
are released, the only expansion that has
taken place of the train pipe pressure has
been that caused by the return movement of
the operating piston 15 and in effecting this
return movement of the piston positively. It
will also be noticed that as said by passage
F’ remains closed until the brake cylinder
is substantially exhausted, no pressure has
passed from the train pipe into the valve
chamber or into the auxiliary reservoir, or,
in fact, into any part of the triple valve in
front of the piston 15, so that not only has
the train pipe pressure been saved and con-
fined to one side of the operating piston, but
1t has been prevented from passing to the op-
posite side of the operating piston to retard
1ts quick return movement, and it is only
when and after the parts of the triple valve
have assumed the release position shown in
Fig. 1, and the pressure in the brake eylin-
der has been exhausted or nearly exhaust-
ed, that the by passage F’ is opened to per-

mit the auxiliary reservoir to be recharged;

80 that when this is done such passage of the
pressure to the auxiliary reservoir by the by
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passage I’ occurs only after the train pipe" of pressure in the long length of train pipe

pressure has effected the absolute return of

‘the operating piston and its connected valves

to said release position. If now it be desired
to apply the brakes, as for instance for a serv-
1ce stop, the train pipe pressure is reduced
sufficient to have relieved the pressure by
the passage 14 upon the rear of the operat-
Ing piston 15 that the auxiliary reservoir
pressure acting against its opposite side
moves said operating piston and valve 10
into the position shown in Fig. 2, so that the
recess 10° is moved to close the duect 9 and
th_e port 10% of said valve 10 is moved into
coincidence with the port 8* in the valve 8
permitting the auxiliary reservoir pressure

to pass into the brake cylinder until such

time that such pressure and the pressure in
the train pipe is equalized, whereupon the
spring 17, which had been slightly compressed
by the rearward movement of the piston 15,
willnow movesaid piston and the valve10into
the position shown by dotted lines in Fig. 2,
therebyremovingtheport10?fromcoincidence

with the port 82 cutting off the auxiliary reser-

volr pressure from thebrakecylinder. Assoon
as the train pipe pressureisreduced to cause

the parts to move to thisservice stop position
as in Kig. 2, the pressure through the by pas-

sage I’ is also consequently reduced so that
the small check valve 40 moves to its seat,
closes such passage F’ and thus prevents any
pressure from the auxiliary reservoir or the
valve chamber 2 or in the train pipe passage

5 above the double check valve 13 to leak

into the train pipe. As soon as the pressure

in the brake cylinder acting upon the large
area 30 of the differential piston is enough to.

overcome the reduced pressure in the train

pipe acting upon the small area 33 of said
piston the differential piston will move from

the position shown in Fig. 1 to the position
shown in Kig. 2, closing the by passage F’ so
that whenever the train pipe pressure is
raised to return the parts to the released po-
sition again, such pressure in the train pipe
is prevented from leaking into the valve
chamber 2 to retard the quick return of the
operating piston 15. B -

If it be desired to recharge the auxiliary
reservoir while the brakes are on and the
parts are in the position shown in Fig. 2 as
modified by the position indicated by the
dotted lines, the train pipe pressure is slightly
raised (not sufficient to hold the double check
valve 13 to its upper seat), so that such press-
ure flows past said double check valve into

the valve chamber 2 and thence into the aux-

iliary reservoir. This recharging is effected
without disturbing the position of the differ-
ential piston shown in Fig. 2, closing the by
passage E. |

- From the foregoing it will be understood
that a very efficient means is provided for in-
suring a positive release of the brakes and
effecting an important saving of the fluid

incident to a long train of cars, while the
pressure is being simultaneously relieved

from all of the brake c¢ylinders in the train.

The proportion of the areas, 30, 33, of the
differential piston will be governed by the
pressures uander which the triple-valve oper-
ates, but assuming it capable of operating
upon a reduction of twenty pounds pressure

in the train pipe from a normal pressure-of

seventy pounds, the large area of the differ-
ential piston is preferably six times greater
than the small area; in which case the said
piston will continue to close the passage E’
upon the release of the brakes until the press-
ure in the brake cylinder has been lowered
to a little more than one-sixth of that in the
train pipe when the much greater pressure
acting upon the small area will cause the pis-
ton to move to open said passage. |

To prevent any escape of the pressure 1n
the reverse direction through the passage F’,
such passage is provided with the small check
valve 40 adapted to close said passage the mo-
ment the pressureshall drop in the train pipe,
as before explained. | |

It is to be understood that the use of the
passage or by - pass and differential piston
and the check valve 40 is not confined to the
particular form of so-called triple-valve
shown and set forth herein, but that it may
be used in other forms of triple valves; and
that instead of using a differential piston for
controlling the admission of the fluid press-
ure to the auxiliary reservoir when releasing
the brakes, it may be employed to open and
close communication between the train pipe
and brake cylinder in another form of triple
valve, arranging and proportioning the pis-

ton so that a reduction of pressure in the

train pipe as for instance for an “ emergency
stop” of twenty pounds will cause it to move
to open the train pipe into communication
with the brake cylinder. Thus in applying
the improvement to the form of triple valve
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represented in Fig. 4, substantially the same

construction may be employed, the only
changes that are necessary being the addi-
tion of a flange 4" on the end of the exhaust
valve 4, to close communication between the
train pipe and the auxiliary reservoirexcept
when said valve is in exhaust position; and
the closing of the direct charging port F-.
The by - pass F’ opens into the passage
that is in communication with the auxiliary

reservoir and into the train pipe passage A,
through the opening F; the smaller area 33

of the differential piston controlling the com-
munication of the train pipe passage with the
auxiliary reservoir by closing the pass K/,
while the larger area 30 of the diiferential
piston is open by the passage C’ to the brake
cylinder. The action of this differential pis-
ton is the same as before described and need
not be repeated here.
What is claimed is—

pressure, as well as enabling the maintaining l 1. In a fluid pressure brake, the combina-

115

120

125

I30




L ¥

10 exposed to the brake cylinder pressare and
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tion of a valve controlling the exhaust from
the brake cylinder, a fluid pressure supply
passage communicating with a reservoir, and
a second valve controlling said passage the
movement of which is eﬂected by the varia-
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tions of pressure in the brake cylmder qub

stantially as deseribed. |
2. In an air brake apparatus, the combina-

tioa with the triple valve, of another valve

closing communication between the train
pipe and auxiliary reservoir while the brakes
are on, substantially as described.

3. The combination with the triple valve
of an air brake apparatus controlling the pas-
sage of pressure to the brake cylinder of an-
other valve controlling comimunication be-
tween the train pipe and auxiliary reservoir
and exposed to the brake cylinder pressure,
and a check valve in the train pipe to hold

the pressure in auxiliary reservoir, substan-
tially as deseribed.

4. The combination with a brake cvlmder
reservoir, triple valve and irain pipe, of a pas-
sage connected with the train pipe and lead-
ing to a reservoir forming a portion of the air
brake apparatus, and a differential pistion or
valve controlling said passage exposed to the
change in pressures in the train pipe and
brake cylinder to open or close said passage
after the movement of the triple valve, sub-
stantially as deseribed.

5. The combination with a brake eylinder,

reservoir, triple valve and train pipe, of a pas-
sage lea,dmw from the train pipe and com-
mun:icating “with the auxiliary reservoir, and
a differential piston or valve controlling said
passage, the differential areas of which are

exposed both to the brake cylinder and to
the train pipe pressures to open and close
sald passage after the triple valve has moved,
substantially as described.

6. The combination with a brake cylinder,

reservoir, valve, train pipe and a check valve }

in said tram ptpe, of a by passage extending

from the train pipe to the upper side of Smd__*

check valve, and a piston or valve automati-
cally controlling said by passage, substan-
tially as described. |

7. The combination with a brake cylinder,
reservoir, triple valve, train pipe and a dou-’
ble s_eated check valve in said train pipe, of a

by passage opening into the train pipe upon |

opposite sides of said double check valveand *

a piston or valve controlling said by passage
exposed to the train pipe and to the brake
eylinder pressures,substantially as described.

8. The combination with a brake ceylinder,
reservoir, triple valve and train pipe, of a by
passage lea,dlntr from the train pipe and com-
municating with the reservoir, a check valve
closing one yend of said by-pa.ssage and a pis-
ton or valve controlling the other end and ex-

| posed to the brake ¢ylinder and train pipe

pressures, substantially as described.

9. The combination with a brake ceylinder,
reservoir, and valve for controlling the ad-
mission and exhaust of fluid -to and from the
brake cylinder, of a supply passage coi-
municating with the auxiliary reservoir and
a piston or valve controlling said passage
and an air passage connection between the

| said piston or valve and the brake eylinder

whereby the piston or valve is operated by an

| 1ncrease and decrease in pressure in the brake

cylinder, substantially as deseribed.

10. The combination in an air brake appa-
ratus, of a train pipe passage to the auxil-
lary reservoir, a by pass from the train pipe
passage communlca,tmv with the auxiliary
reservoir having a va,lve exposed to and
moved to open said by pass by the train pipe
pressure when the brake is released, substan-

tially as described.

11. The combination, in an air brake appa-
ratus, of a check valve in the train pipe pas-
sage adapted to close the same on an increase
of pressure in the train pipe, and a by pass
around or past said check-valve having a
valve moved to open said by pass by the train
pipe pressure when the bralz:e IS releabed
substantially as desecribed.

12. The combination, in an air brake appa-
ratus, of a check valve in the train pipe pas-
sage, a connection with the triple valve adapt-
ed in one position-to hold the check valve
from its seat, a by pass around or past said
check valve and a piston or valve controlling
sald by pass moved to open the hy pass after
the triple valve is in release position, sub-
stantlally as described.

In testimony whereof I have hereunto set
my hand, this 4th day of May, A. D. 1892, in
presence of two witnesses.

HENRY L. HOWE.

Witnesses: |

MaAX C. BEARD, .
HENRY STEWART.
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