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2 Claims. (ClL 303—22)

The present invention relates generally to improved
brake systems for use in vehicles, which brake systems
are particularly adapted for use with trailer-type vehicles
wherein the weight of the load constitutes a large percent-
age of the total operating weight. More specifically, the
present invention is directed to an improvement in a brake
system used with a vehicle, the body of which is sup-
ported by fluid pressurized diaphragm springs, the brake
system utilizing the fluid pressure of the springs to pro-
vide variable braking action corresponding to variations in
the total weight of the vehicle as established by the load
carried thereby.

In the operation of trailer-type or articulated: vehicles,
such as railway cars and truck trailers, the freight or
passenger load often accounts for a large percentage of
the total weight of the car or trailer. This is particularly
true with the development of lightweight, high speed pas-
senger railway cars where the empty weight of each car
is designed at a minimum and the total passenger weight
amounts to a large percentage of the total operating
weight. The brake system wused in this type of vehicle
is normally pneumatically or electro-pneumatically oper-
ated and the total braking action necessary to safely and
comfortably stop a number of articulated vehicles will
vary with the total load carried thereby. FExisting brak-
ing systems are applied by the operator of the train or
trailer-truck and the extent to which the brakes are applied
is dependent upon the operator’s knowledge of the total
load carried by the articulated vehicles in combination
with his judgment resulting from personal experience. In
freight train or passenger train operation it is impractical
to load each of the interconnected cars to the same extent
so that each of the cars of the train weighs exactly, or even
approximately, the same throughout the entire train.
Consequently, the preferred situation would be that each
car is braked to a degree corresponding to the total weight
of the same and independently of the remaining cars of
the train. It has not been proven practical to individually
brake each of the cars from a central location and, while
efforts have been made to provide automatic braking sys-
tems which function to brake each separate car to an
extent related to the total weight of the car, no system
has been developed which has been found to be practical
from the standpoint of operation or cost.

Under full load each individual freight or passenger
car or trailer requires -greater braking action to bring the
same to a complete stop within a specified safe distance.
When these cars or trailers are empty the braking action
necessary is materially reduced. In freight train make-
up it is often the case that some of the cars are fully or
partially loaded while others are completely empty. - As a
result, the braking action necessary throughout the entire
length of a freight train will vary considerably with each
individual car. Consequently, it has been considered de-
sirable to provide each of the cars with a brake system
control means which will regulate the braking action pro-
vided each individual car in conformance with the weight
of the car. A control of this nature should make use of
the braking force supplied by the trainlined braking sys-
tem to an extent that meets the requirements of the indi-
vidual car in order to bring the same to a complete stop
simultaneously with the rest of the train within the dis-
tance desired by the operator of the train. A system of
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this nature allows each of the individnal cars to be braked
in accordance with their separate requirements and over-
braking or under-braking will not occur.

It is an object of the present invention to provide an
improved brake system particularly adapted for use with
vehicles wherein the applied load constitutes a large per-
centage of the vehicle weight when empty, the vehicle
body being supported by fluid pressurized diaphragm
springs, the pressure carried thereby being automatically
regulated in response to variations in load, the brake sys-
tem being operatively associated with the pressure carried
by the diaphragm springs to control the application of
braking action to the vehicle in response to vehicle load.

Another object is to provide an improved braking sys-
tem, the improvement including the use of air spring pres-
sure which is variable in response to the applied load of
the vehicle, the air spring pressure functioning with the
brake system to control the braking action provided the
individual vehicle in line with the specific weight of the
vehicle at the time of the application of the brakes, this
improvement resulting in the provision of braking action
of a magnitude corresponding to the total weight of the
vehicle, the variations in the braking action applied being
automatically obtained.

A further object is to provide an improved brake system
particularly adapted for use with trains wherein the system
extends through a piurality of interconnected cars form-
ing the train and is operated by the engineer in the loco-
motive of the train, the operation of the system providing
a braking force of equal magnitude to each of the inter-
connected cars and the components of the braking system
carried in each of the individual cars being interconnected
with car-body supporting air springs the internal pressure
of which controls the amount of braking force taken from
the main system and utilized in braking the individual
car, the air spring pressure corresponding to the weight of
the individual car independent of the weight of the remain-
ing cars and functioning to control the braking force ap-
plied to the car in response to the load carried by the car
thereby allowing each of the cars’to be independently
braked in accordance with their individual requirements to
bring the train to a complete stop in an efficient and safe
manner.

Other objects not specifically set forth will become ap-
parent from the following detailed description made in
conjunction with the drawings wherein:

FIGS. 1 and 2 combined contitute a diagrammatic
showing of one form of brake system particularly adapted
for improved functioning in accordance with the principles
of the present invention; and

FIGS. 3-7 illustrate certain valves of the brake system
of FIGS. 1 and 2 in section.

While the following description of the present inven-
tion deals solely with improved brake systems for use
with trains formed from railway cars, it should be under-
stood that the principles of the present invention may be
followed in improving many different forms of brake
systems for use with different types of vehicles. The im-
provement of the present invention resides in the utiliza-
tion of fluid pressure carried by a load-responsive means,
such as an air spring used in supporting a vehicle body
in predetermined vertically spaced relation with a wheel-
carrying axle, as a control in the operation of a brake
system to regulate the braking force applied to the wheels
or axle in direct relation with the total weight of the
lIoad carried by the vehicle. Many different forms of
braking systems are susceptible of being improved in
accordance with the principles of the present invention
and the following description deals with one such system
particularly adapted for use in trains formed from a plu-
rality of interconnected railway cars. However, elec-
trically, pneumatically, electro-pneumatically, electro-
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hydraulically or hydraulically operated brake systems
may be improved by the inclusion of the braking ratio
control of the present invention and an improvement of
this nature, such as for example in the brake system of a
trailer-truck, is intended to fall within the scope of the
present invention.

The brake system to be described in connection with
FIGS. 1 and 2 has been found to be particularly useful
in lightweight, high speed trains formed from a plurality
of intercomnected single axle railway cars. The single
axle cars are designed with a low center of gravity and
the car bodies are mounted on the single axles by sus-
pension systems which utilize air springs formed from
outer flexible diaphragms internally provided with pres-
surized ajr capable of maintaining the car body at a pre-
determined vertical relation with respect to the axle re-
gardless of the load carried thereby. The single axle
of each car is positioned at one of the ends of the car
body to provide a wheel-supported end, the remaining end
of the car body being coupler-supported in cooperation
with an adjacent wheel-supported end of another car.
Consequently, the air springs of the suspension system of
each car not only support a portion of the weight of the
car body carried thereby but further support a portion
of the weight of an adjacent car having its coupler-
supported end interconnected therewith.

Lightweight, railway cars of this nature have been de-
veloped particularly for passenger service and, when fully
loaded, the passenger weight of the car constitutes a large
percentage of the total weight of the car. Consequently,
the total weight of the car varies considerably with varia-
tions in passenger load. The air springs of the suspen-
sion system are supplied with pressurized air from a suit-
able source, such as the brake system, the air being
automatically fed to the springs or bled therefrom by
leveling vaives forming a part of the suspension system.
Upon the loading of the car with passengers, the car
body will compress the air springs and move downwardly
toward the axle in response to increasing load. The
leveling valves are arranged to automatically feed air
into the ajr springs upon downward movement of the car
body until the pressure carried by the air springs is in-
creased sufficiently to re-attain the vertical positioning of
the car body relative to the axle. Upon the unloading of
passengers and an accompanying decrease in weight, the
car body has a tendency to move vertically upwardly
away from the axle in response to the air pressure car-
ried by the air springs. The leveling valves operate auto-
matically under these circumstances to bleed the air
springs of excess pressure thereby allowing the car body
to return to its original position relative to the axle. Con-
sequently, the car body is automatically leveled under
varying conditions and the air pressure carried by the air
springs corresponds to the passenger load carried by the
car. An air spring suspension system of this type is fully
disclosed in the copending application of James E. Cand-
lin, Jr., Serial No. 571,869, filed March 16, 1956, now
Patent No. 2,912,234 issued November 10, 1959.

Referring to FIGS. 1 and 2, one form of improved
brake system is diagrammatically shown. This system
incorporates therein a known system which is made avail-
able by the New York Air Brake Company of New York,
New York. The known system is commonly referred to
as an electro-pneumatic system which utilizes electrical
and pressure operated controls, the electrical controls
being added to the system to provide instantaneous re-
sponse of the separate brake operating units carried by
each of the railway cars thereby allowing efficient and
safe operation in a long train. Each of the valves form-
ing a part of the system is readily available and is well
known as to its manner of functioning. Consequently,
the following description of the operation of the system
including these valves will be concise, it being understood
that any suitable valve capable of providing the type of
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action described may be readily used in a brake system
of this nature.

The locomotive of the train, from which the control of
the brake system is normally initiated, includes a main
reservoir 10 of pressurized air maintained at full capacity
by an air compressor 11. The engineer operates the
brake system by handle operation of a brake valve 12
which is a self-lapping type of valve, the position of the
handle determining the extent of braking occurring in
the train. The valve 12 is generally identified as an
LWL Brake Valve and is connected through air lines 13,
14 and 15 with a feed valve 16, a master relay valve and
circuit breaker 17 and an application valve 18, respec-
tively. The feed valve 16 is identified as an F-6-MD
Feed Valve and functions to reduce fluctuating main
reservoir pressure to the predetermined desired pressure
carried by a supervisory line 19 which extends from the
application valve 1§ the full legth of the train. The feed
valve 36 is interconnected with the application valve 18
through an air line 20. Extending from the master relay
valve and circuit breaker 17 is a straight air pipe 21
which extends the full length of the train and, in com-
bination with the supervisory line 19, controls the func-
tioning of the individual brake units and their associated
control means positioned in each of the cars of the train.
The master relay valve and circuit breaker 17 is further
provided with a release wire 22, an application wire 23
and a common wire 24, each of the wires being train-
lined throughout the train and forming the electrically
functioning portion of the brake system.

The brake valve 12 may be operated to apply the
brakes on each of the cars throughout the train to a
degree desired by the engineer and the extent to which
the brakes are applied is additionally governed by the
functioning of air spring pressure in each of the cars. Air
pressure of approximately 110 p.s.i. is maintained in the
supervisory line 19 at all times by the feeding of air
from the main reservoir 10 through the feed valve 16
and application valve 18. The supervisory line 19 func-
tions primarily as a safety line in the brake system and
upon a drop in pressure in the line due to leakage or
another form of failure in the system, the braking units
are automatically applied as will subsequently be de-
scribed. The brake valve 12 is provided with brake, re-
lease and emergency positions, the latter of which causes
the application valve 18 to exhaust the supervisory line
19 thereby causing immediate application of the brakes
throughout the train.

To apply the brakes during normal operation, the brake
valve 12 is operated by the engineer by movement of
the operating handle to a position which will supply the
degree of braking action desired. Movement of the
handle causes the master relay valve and circuit breaker
17 to energize the application wire 23 and admit air
from the main reservoir 10 through the feed valve 16
and master relay valve 17 into the straight air pipe 21.
The common wire 24 completes the circuit of the elec-
trical portion of the brake system and the straight air
pipe 21 is normally exhausted when the brakes are fully
released. In order to apply the brakes, it is necessary
to introduce pressurized air into the straight air pipe 21
in the manner described. When the straight air pipe
pressure reaches the value called for by the position of
the handle of the brake valve 12, the master relay valve
and circuit breaker 17 de-energizes the application wire
23 and shuts off flow of air from the main reservoir 12
into the straight air pipe 21 except to the extent neces-
sary to maintain the desired braking air pressure.

With air admitted into the straight air pipe 21, the
braking units and control means carried by each of the
interconnected railway cars are energized to provide
braking action as called for by the magnitude of air pres-
sure carried by the straight air pipe 23. Each of the
cars includes the control elements of the system now to
be described and in FIGS. 1 and 2 only one control sys-
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tem is shown, it being understood that each of the cars
carries a similar set of controls.

Each car includes a service valve 25 which intercon-
nects the supervisory line 19 with a car air reservoir 26.
As previously described, the supervisory line 19 carries an
air pressure of approximately 110 p.s.i. and the service
valve 25 permits air to flow from the supervisory line 19
through air lines 27 and 28 into the car reservoir 26 at
all times, except during periods of emergency brake ap-
plication as will be described, to maintain the air pres-
sure of the car reservoir 26 at substantially 110 p.s.i.
Thus, the supervisory line 19 serves an additional function
of replenishing the air supply of the car reservoir 26,
the air supply of the reservoir 26 being used during pe-
riods of brake application. The service valve 25 is pro-
vided with a non-return check valve portion controlling
flow of air from the supervisory line 19 to the car reser-
voir 26. This valve further functions during an emer-
gency application of the brakes initiated by a drop in
air pressure in the supervisory line 19 to pass a controlled
amount of air directly from the car reservoir 26 through
the lines 28 and 29 to further valves controlling the op-
eration of the braking units. On emergency application
of this nature, the service valve 25 functions to permit
the brakes to apply as a straight pneumatic system.

Upon normal electro-pneumatic braking application as
previously described wherein the application wire 23 is
energized and air is introduced into the straight air pipe
21, an application and release magnet valve 30 is ac-
tuated. The valve 3¢ is provided with separate applica-
tion and release magnet valves which are operated di-
rectly by the trainlined wires 22, 23 and 24. The appli-
cation magnet valve portion is connected to the applica-
tion and common wires 23 and 24 through wires 31 and
32 and, upon energization of this magnet valve portion,
air is allowed to flow through an air line 33 from the
car reservoir 26 and into the straight air pipe 21 through
an air line 34. Introduction of air into the straight air
pipe 21 occurs in each of the cars simultaneously in re-
sponse to electrical energization of the application mag-
net valve portion forming a part of the unit 3¢. Con-
sequently, the air pressure in the straight air pipe 21
builds up immediately as the pipe 21 is fed with air from
each of the car reservoirs 26. The control pressure de-
sired to provide a predetermined amount of braking ac-
tion develops immediately and upon reaching the prede-
termined pressure, as determined by the position of the
operating handle of the brake valve 12, the supply of air
from the main reservoir 16 into the straight air pipe 21
is shut off. Simultaneous with the shutting off of the
supply of air from the main reservoir 10 into the straight
air pipe 21, the application wire 23 is de-energized and
the air pressure developed in the straight air pipe 21 is
maintained and braking continues to an extent equal to
this pressure. Normal braking pressure carried by the
straight air pipe 21 will vary from about 0 to 50 p.s.i.

To actuate the brake units of each individual car, the
air pressure carried by the straight air pipe 21 is fed
through the service valve 25 by an air line 35, through
the line 29, a limiting valve 36, an air line 37, a relay air
valve 38 and an air line 39 into a relay valve 40. The
valve 40 is of known type being readily available from
New York Air Brake Company of New York, New York,
and identified as Part No. N7922. The pressure carried
by the line 39 into the relay valve 40 controls the amount
of air delivered from the car reservoir 26 through a line
41, through the relay valve 40, and a line 42 into the
brake cylinders 43 to ultimately cause application of the
brakes. In other words, direct braking action is caused
by the delivery of air from the car reservoir 26 through
the line 41, valve 40 and line 42 into the brake cylinders
43. The air pressure brought from the straight air pipe
21 through the valves 25, 36 and 38 is a control pressure
which functions in the valve 40 to control the amount
of air pressure passing from the car reservoir 26 into
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the brake cylinders 43. The pressure allowed to pass
through the valve 40 from the car reservoir 26 is gen-
erally proportional to the pressure carried by the line 39.

The limiting valve 36 controls the air pressure passed
to the brake cylinders 43 at all times even under emer-
gency conditions regardless of piston travel at the brake
cylinders 43. The limiting pressure is about 80 p.s.i.
The relay air valve 38, normally identified as an H-35
valve, acts to reduce the brake cylinder pressure under
certain conditions to be described.

In addition to supplying air to the car reservoir 26,
the supervisory line 19 also supplies air to the air springs
44 through a line 45 which has interposed therein a level-
ing valve 46. The valve 46 functions to maintain con-
stant height of the air springs 44 regardless of load as
previously described and the pressure in the springs 44
varies with the load carried by the car body and is used
as a means of measuring the weight of the car body to
control the extent of braking action supplied by the brake
system. In order to bring this about, a line 47 com-
municates the air pressure of the air springs 44 with
the relay air valve 38 to vary the braking effort with
relatively large changes in car weight. The air spring
pressure is fed to the relay air valve 38 as a control pres-
sure and a coil spring in the valve 38 is compressed to an
extent such that, when the air spring pressure falls below
a predetermined value, a piston arrangement is brought
into play and the air pressure passing from the relay valve
40 to the brake cylinders 43 is at a smaller value than
that of the straight air pipe 21. Likewise, if the air spring
pressure exceeds a predetermined value, the piston ar-
rangement of the relay air valve 38 allows air to pass to
the relay valve 40 under pressure equal to that passed
through the limiting valve 36. Depending on the air
pressure carried by the line 39, the pressure passed from
the car reservoir 26 to the brake cylinders 43 will be at
all times controlled even under emergency conditions.
Consequently, the total weight of each individual car
will have an effect on the amount of braking action pro-
vided each car and the braking action throughout the
entire train will be substantially uniform.

Following the bringing of the train to a complete stop
and upon movement of the operating handle of the brake
valve 12 into brake release position, the release magnet
valve portion carried by the control unit 3¢ is energized
by the master relay valve 17 through its electrical con-
nections in the form of wires 48 and 49 and the straight
air pipe 21 is vented through the valves 17 and 39. The
brake cylinders 43 are bled of air pressure by venting
action of the relay valve 40 caused by differential pres-
sure attending the reverse flow of air through the remain-
ing parts of the system and the expelling of air pressure
by the valves 17 and 30. The brakes are released to the
extent desired as controlled by the positioning of the
handle of the brake valve 12. During venting of the sys-
tem the air pressure maintained by the air springs 44
is not affected as this air pressure is received from the
supervisory line 19 and is merely used as a control in
connection with the relay air valve 38 thereby being com-
pletely separate from the brake application air pressure
passed through the remaining elements of the system.

Each of the cars is provided with a conductor’s emer-
gency valve 5& connected by an air line 51 to the super-
visory line 19. In the event of an emergency the con-
ductor may exhaust the supervisory line 19 by opening the
valve 56 and, through the operation of the service valve
25, air is passed from the car reservoir 26 through lines
28, 29, 37 and 39 to operate the relay valve 46 thereby
allowing application of air pressure from the car reservoir
26 directly to the brake cylinders 43. Upon emergency
operation of the brake system, the full pressure of the
car reservoir 26, as limited by the valve 36, is applied as
a control in the relay valve 4§ thereby allowing applica-
tion of car reservoir pressure to the brake cylinders 43.
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The air spring control pressure continues to operate and
fast and efficient braking action is obtained.

Further conventional equipment in the brake system
described in FIGS. 1 and 2 includes the use of an anti-skid
control valve 52 interposed in the line 42 extending be-
tween the relay valve 4% and the brake cylinders 43.
Operatively asscciated with the anti-skid control valve 52
is a control unit 53 which measures the rate of decelera-
tion of the wheel and axle. If this rate exceeds 10 m.p.h.
sec. the unit 53 causes the anti-skid valve 52 to release
air from the brake cylinders 43 until the wheel rotational
speed matches the speed of the train. A rate of decelera-
tion exceeding 10 m.p.h./sec. is well beyond the possibility
of train deceleration and the wheels begin to slip in re-
sponse to braking action. However, upon the release of
air pressure from the brake cylinders through the anti-
skid valve 52, effective braking action will be regained.

The important operational features of the application
and release magnet valve 3¢ are illustrated in FIG. 3.
This valve includes magnet valves 81 and 82 for applica-
tion and release, respectively. The magnet valves §1 and
82 are operated by sclenoids 83 and 84, respectively,
through energization of the circuits defined by the wires
31, 32, 48 and 49 as previously described. The magnet
valves 81 and 82 are normally open during periods of
brake release and diaphragm valves 85 and 86 are closed
by the action of coil springs 87 forming a part thereof.
Upon energization of the application magnet valve 81
resulting in the closing of the same, pressurized air from
the car reservoir 26 is delivered through the line 33
against the diaphragm valve 85 to open the same to per-
mit the car reservoir pressurized air to move past the
same and into the straight air pipe 21 as earlier described.
With de-energization of the magnet valve 81, the spring
thereof returns it to its open position permitting com-
munication of car reservoir pressure with the rear face of
the diaphragm valve 85 to close the same in cooperation
with the spring 87. On the release side of the valve 30,
energization of the solenoid 84 closes the release magnet
valve 82 resulting in the venting of air from the rear
of the diaphragm valve 86 and the resulting air pressure
applied against the face of the diaphragm valve 86 opens
the same to vent this portion of the brake system to the
atmosphere through. a vent §8.

FIG. 4 illustrates in detail the service valve 25. This
valve includes a spool valve 9§ in an upwardly retracted
position as illustrated in FIG. 4. The air pressure of the
supervisory line 19 communicates with the spool valve 90
through line 27 to hold the same in an upward position
against the action of its spring 91 during periods of brake
release. ‘'This upward position of the spool valve 90 pro-
vides for communication between the straight air pipe 21
and the relay valve 38 through the limiting valve 36 and
lines 29 and 35. Upon emergency operation of the brake
system as effected by a drop in the supervisory line 19,
the spring 91 overcomes remaining supervisory line air
pressure and moves the spool valve 9 downwardly com-
municating the car reservoir 26 through the line 28 direct-
ly with the brake cylinders 43 by reason of a control
pressure being transmitted through the line 29, limiting
valve 36, line 37, and relay valve 4§ resulting in direct
opening of the car reservoir 26 through the line 41 with
the brake cylinders 43. Upon operation of the brake
system by energization of the application side of the valve
30, air pressure building up in the straight air pipe 21
is transmiited through the line 35, into the service valve 25
and out through the line 29 into the limiting valve and
ultimately into the relay valve 4¢ in the manner previously
described. During this operation the position of the spool
valve 90 does not vary as the introduction of air into the
straight air pipe 21 is controtled solely by the application
side of the valve 38. The service valve 25 performs one
additional function by being provided with a check valve
92 which is subjected to the air pressure of the super-
visory line 1%. Upn reduction in pressure in the car res-
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ervoir 2§, the check valve 92 is automatically unseated
and the car reservoir 26 is refilled by air delivered from
the supervisory line 19 through the service valve 25 and
line 28 into the car reservoir.

FIG. 5 illustrates the limiting valve 36. This valve
is in the form of a check valve being provided with a
valve element 23 which is spring urged out of engage-
ment with a valve seat 94 as illustrated in FIG. 5.
Upon operation of the brake system, the control pressure
delivered through line 2% into the limiting valve 36
passes around the valve element $3 and through the valve
seat 94 in an upwardly direction as viewed in FIG. 5.
This air pressure then passes through line 37 into the
relay valve 49 to function to communicate the air pressure
in the car reservoir with the brake cylinders. As previ-
ously described, the limiting valve 36 controls the air
pressure passed to the brake cylinders 43 at all times even
under emergency conditions regardless of piston travel
at the brake cylinders 43. The limiting pressure is about
80 p.si. This is merely by way of example, it being
understood that excessive contro] pressure will not result
in increasing the amount of air pressure applied to the
brake cylinders 43. Actually, exceeding the predeter-
mined force of the spring members holding the check
valve 83 away from the seat 94 will result in the closing
of the check valve, thus preventing excessive control pres-
sure transmission to the relay valve 48.

FIG. 6 illustrates the relay valve 38 which is in essence
a diaphragm actuated valve responsive fo air spring pres-
sure. This valve includes a check valve 95 and a vent
valve 86. The check valve 95 is normally held closed by
a spring 97 whereas the vent valve 96 is normally open by
action of springs 98, these positions being illustrated in
FIG. 6. Air spring control pressure is communicated
through line 47 against a diaphragm 99 resulting in clos-
ing the vent valve 96. Brake system operating pressure
is delivered through line 37 into the relay valve 38 and
where 60% braking action conditions exist, the brake
system operating pressure in the valve 38 is closed off
therein by the closed check valve 5. Where 100% brak-
ing action conditions exist, the air spring pressure acting
against the diaphragm $$ has reached a predetermined
value by reason of the heavy load on the car and still
further overcomes the springs 98 with the result that fur-
ther downward movement of the vent valve 96 results in
the overcoming of the spring 97 and the opening of the
check valve 95. Under such conditions the brake system
operating pressure in the valve 38 is then placed in com-
munication with the line 3% which in turn communicates
with the valve 40. Under light load conditions, air pres-
sure in the line 3% from the valve 38 does not build up
as the same is open to the vent 180 in the valve 38.

The relay valve 40 is illustrated in detail in FIG. 7.
As previously described, the valve 4¢ communicates the
car reservoir 26 with the brake cylinders 43, this com-
munication being controlled by the supply of air trans-
mitted through the limiting valve 36 and the relay valve
38. The valve 4@ includes a plurality of pressure respon-
sive diaphragms 101, 102, 103 and 1064 of varying effec-
tive areas. These diaphragms are subjected to the balanc-
ing pressures in lines 37 and 39 when the valve 38 is open.
Otherwise, as illustrated in FIG. 7, the brake operating
pressure delivered to line 37 when the valve 38 is closed
under 60% braking action conditions operates on certain
of the diaphragms to control operation of the valve 40
as balanced by the pressure of the reservoir 26 commu-
nicating therewith through line 41. The diaphragms com-
bine to move a connected valve stem carrying a differ-
ential element 185 which moves to the left as viewed in
FIG. 7 upon brake application to open a check valve 106
and communicate air in the line 41 from the car reservoir
26 with the brake cylinders 43 through the line 42. Move-
ment of the differential element 185 simultaneously closes
a check valve 197 communicating the brake cylinder por-
tion of the system to an atmospheric vent 108. The dif-
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ferential feature of operation provides for a lag in the
closing of the vent 108 to regulate pressure surge through
the relay valve 40. Under 100% braking action operat-
ing conditions, the valve 38 is open and brake operating
pressure delivered through line 39 into valve 40 acts on
additional diaphragms to permit a greater pressure trans-
mission from the reservoir 26 through the valve 40 into
the brake cylinders.

The power unit or locomotive of the train utilizing the
‘brake system described in FIGS. 1 and 2 is also provided
with the necessary valves and piping to apply the brakes
carried thereby in response to the operation of the brake
system. Normally, the total weight of the locomotive
is substantially constant and the suspension systemg utilized
do not include the use of air springs. However, in the
event that air springs are utilized, the pressure carried
thereby does not fluctuate or vary to the extent of a pas-
senger or freight car of the type described wherein the
total passenger or freight load amounts to a large per-
centage of the total weight of the car. To actuate the
locomotive brakes directly from the system described in
FiGS. 1 and 2 it is necessary merely to utilize the air pres-
sure of the straight air pipe 21 as increased by the main
reservoir 16, and pass the same through a series of valves
of the type and arrangement described in connection with
the individual braking units carried by each of the cars.
The primary difference residing in the braking units car-
ried by the locomotive is that the relay air valve 38 may be
climinated as the control pressure passed to the relay valve
4% is not affected by air spring pressure. Consequently,
air pressure may be passed directly from the limiting valve
36 to the relay valve 46.

In the event that the electrical controls of the system
should fail to function properly, the system is adapted for
straight pneumatic operation. Under such circumstances
the application and release magnet valve unit 30 is out of
operation and the braking pressure is built up in the
straight air pipe 21 directly from the main reservoir 1.
The master relay and circuit breaker valve 17 will con-
tinue its function of passing air from the main reservoir
19 into the straight air pipe even though the electrical
controls forming a part thereof may be inoperative. Con-
sequently, the increased pressure in the straight air pipe
21 will operate the service valve 25, air will pass through
the limiting valve 36 and the relay air valve 38 to operate
the relay valve 48 and allow air to flow from the car res-
ervoir 26 into the brake cylinders 43. Brake release will
occur as a result of the venting of air from the master
relay and circuit breaker valve 17 as controlled by the
brake valve 12 and subsequent venting from the relay
valve 48,

If the interconnected cars should become unintentional-
ly separated, where, for example, the brake system is
utilized with conventional cars utilizing spaced wheel-
carrying axles to provide completely wheel-supported cars,
the accidental or unintentional separation will immediate-
ly cause the exhausting of the supervisory line 1% in each
of the cars and, consequently, the braking units carried
by each of the cars will be automatically applied. The
system is readily adapted for use with a towing brake ar-
rangement carried by a towing locomotive. Under such
circumstances it is necessary merely to operate the system
as a straight pneumatic system, the towing locomotive
being provided with an air reservoir and control valve
for coupling with the supervisory line. The brakes of
the cars under tow may be applied by controlled venling
of the supervisory line.

In the brake system of FIGS. 1 and 2, it will be noted
that the air reservoirs are closely associated with the
brake cylinders thereby providing instantaneous braking
action when the systems are placed into operation. Con-
sequently, the brake system is adapted for use with long
trains including cars numbering as high as 150. The sys-
tem is simply constructed, of light over-all weight and
readily maintained. The use of air springs in supporting
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the car bodies relative to the wheel-carrying axles pro-
vides an air-cushioned ride thereby enhancing passenger
comfort. These springs further serve to provide a con-
trol whereby the braking action applied to each car will
vary according to the load condition of the car. This
arrangement results in a higher pressure in the brake
cylinders when the load on the air springs is increased
and a lower pressure in the brake cylinders when the load
on the air springs is decreased. Consequently, the brak-
ing ratio corresponds to the load.

it has been found preferable to utilize control valves,
such as the relay air valve 38, which change over in re-
sponse to different air pressure levels of the air springs.
A considerable difference exists between the weight of a
fully loaded car and an empty car and while it is possible
to utilize the air spring control pressure to constantly
regulate the amount of braking action obtained regardless
of the degree of variation in load, it has been found ade-
quate to provide the control valve which it responsive
to the air spring pressure with two stages or levels of
operation. As an example of this, reference is again
made to single axle railway cars each of which is provided
with a wheel-supported and a coupler-supported end.

As previously described, the suspension system includ-
ing the air springs of each car carries a substantial por-
tion of the weight of that car as well as the weight of the
coupler-supported end of an adjacent car., Consequently,
the variation in total weight of a single axle car is con-
siderable. A fully loaded and coupled car is provided
with 100% of its total weight whereas a coupled and un-
loaded car is provided with 75% of its total possible
weight. Such cars when uncoupled and fully loaded have
60% of their total possible weight and when uncoupled
and empty exhibit only 45% of their total possible weight.
It has been found possible to utilize control means respon-
sive to the pressure carried by the air springs which change
over between 60 and 75% of the total weight of the single
car. Consequently, the control valves are regulated to
allow passage of full braking pressure to the brake cyl-
inders when the total weight of the individual car falls
somewhere between 60 and 75% on up. When the weight
of the car is below the change-over value, the braking
action of the system is reduced and is operating at the
lower ratio. When using a change in ratio of this nature
and designing, the change-over to occur between 60 and
75% of the total load, the braking will never be less than
75% of the heaviest load at any time. Such an arrange-
ment has been found to be entirely adequate to provide
safe and efficient operation of the train.

Referring still to single axle, lightweight railway cars,
when a train is formed from these cars the endmost car,
which is not connected with a locomotive or observation
car, has its wheel-supported end carrying no more than
60% of its total possible load. This is due to the wheel-
supported end being uncoupled and, presumably, fully
loaded. Consequently, the weight on the air springs sup-
porting this end of the train will never exceed 60% of its
greatest possible weight and the braking actien necessary
on the endmost car is materially reduced. The air pres-
sure carried by the air springs never exceeds a value
necessary to support 60% of full weight conditions and,
as a result, the control means governed by the pressure of
the air springs maintains the brake system in the end-
most car at a lower braking ratio. This is a particularly
desirable feature as the lighter weight of the endmost car
requires less braking action in bringing the same to a
complete stop. Consequently, over-braking will not occur
to interfere with efficient and smooth operation of the
train and yet adequate braking action will always be pres-
ent to insure safe operation of the train as affected by the
operation of this particular car.

From the foregoing it is believed apparent that the utili-
zation of air spring pressure of the type described greatly
enhances the operation of a known form of braking sys-
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tem. While a two-level braking ratio has been described
it should be readily apparent that a braking ratio utilizing
more than two levels may be used and readily established.
Many different types of braking systems may be materially
improved in operation and such systems are intended to
include those which operate solely by electrical controls,
it not being intended to limit the present invention to ap-
plication only with pneumatic or fluid pressurized brake
systems.

Obviously many modifications and variations of the
invention as hereinbefore set forth may be made without
departing from the spirit and scope thereof, and therefore
only such limitations should be imposed as are indicated
in the appended claims.

I claim:

1. A brake system for a vehicle adapted for variable
braking action in response to variation in vehicle op-
erating load above and below a predetermined load, said
brake system comprising a brake unit operative in re-
sponse to fluid pressure, a source of fluid pressure con-
nected to said brake unit, a first control valve means op-
erative between said source and said brake unit to control
the delivery of fluid pressure from said source to said
brake unit, said first conirol valve means including dif-
ferential pressure responsive means operative to control
the value of fluid pressure supplied to said brake unit,
means forming a part of said system to establish a control
pressure, a normally closed second control valve means,
means for delivering said control pressure to both said
first and second control valve means, a first portion of the
differential pressure responsive means of said first control
valve means being responsive to said control pressure,
and fluid pressurized vehicle load supporting spring means
connected to said second control valve means and supply-
ing a spring pressure thereto which pressure is determined
by vehicle load and varies in response to variations in
vehicle load, said second control vaive means being con-
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nected to said first conirol valve means to deliver said
control pressure to a second portion of the differential
pressure responsive means of said first control valve means
to permit the delivery of substantially increased fluid
pressure to said brake unit when said spring pressure ex-
ceeds a predetermined value as a result of said vehicle
operating load exceeding said predetermined load, at which
value said second control valve means is fully open for
control pressure delivery to said first control valve means
thereby.

2. The brake system of claim 1 wherein said prede-
termined value of said spring pressure is related to a ve-
ilicl; load of from about 60% to 75% of total vehicle
oad.
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