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(57) Abrege(suite)/Abstract(continued):

reservolr Is In communication with the pilot port of the high capacity transfer valve. A check valve/choke circuit provides parallel
connections between a double check valve and the output of the variable load relay valve such that flow from the variable load relay
valve passes through a charging choke and opposite flow to the variable load relay valves passes through a dissipation choke.
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PNEUMATIC EMERGENCY BRAKE ASSURANCE MODULE
BACKGROUND OF THE INVENTION

Field of the Invention

[0001] It is well known in the brake control art that modern train brake control systems
typically use a central controller unit to control the brakes of the rail vehicles that comprise
the train.' A train operator located in the lead locomotive manipulates the brake handles or
like devices of the train to apply and release the brakes of the trucks or bogies on each rail
vehicle as desired. The inputs from the brake handles are typically processed by a cab
control unit and passed to the central controller unit. In response to these and other inputs,
the central controller unit issues a brake command signal along a train line to each of the rail
vehicles in the form of either a pneumatic signal or an electrical signal or even both. Brake
equipment on each of the rail vehicles applies or releases the brakes according to the dictates
of the particular brake command signal received. The central controller unit sends the brake
command signal to each of the rail vehicles along either a pneumatic train line or an electrical
train line.
Description of Related Art

- [0002] Depending on the type of train being considered, the brake equipment on each rail
. .'vehﬂ;i.é' may P mclude either exclusively pneumatic equipment or a combination of electrical
and pneumatic (i.e., electro-pneumatic) equipment. In those trains featuring electro-
pneumatic brake equipment on the rail vehicles, each rail vehicle typically includes a local
control system whose construction and operation are generally well known in the brake
control art. The local control system on each rail vehicle receives the brake command signal
and various other signals in response to which it directly controls the electro-pneumatic
equipment according to principles well known in the brake control art. Specifically, the local
control system generates the electrical signals which open or close the various valves which
supply pressure to or vent pressure from the brake cylinders. The brakes on each rail vehicle
apply and release accordingly.

[0003] The prior art brake control systems discussed in the foregoing paragraphs typically
provide service braking, emergency braking, and wheel slip control functions. The local
control system includes a microprocessor-based device which performs service brake control,
limited emergency brake control, and wheel slip confrol. Associated with the brakes on each
bogie is a Brake Cylinder Control Unit (BCCU) which manipulates brake cylinder pressure
based on pneumatic and/or electric inputs from the local control unit. It provides service and

emergency brake cylinder pressure control as well as wheel slip brake cylinder pressure

(W0213433.1}
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......

modulation. The BCCU has integrated magnet valves and transducers which are monitored
and controlled by the local control unit. The primary functional element of the BCCU is a
Variable Load Relay Valve (VLRV) that provides a controlled pneumatic pressure to the
brake cylinders. The output of the VLRV is a function of the pressure at its pilot pressure
control port and an input indicative of vehicle load. The pilot pressure commands brake
cylinder pressures during service braking. The pressures are related, for example, to speed
and vehicle weight. In an emergency, the pilot pressure port of the VLRYV is controlled for
emergency stopping which may include modulation of brake cylinder pressure to minimize
wheel slipping. Typically, the source of pilot pressure commands for service braking and
emergency braking are different and are selected by an Emergency Magnet Valve (EMV)
controlled by the local control system.

[0004]  Prior to this invention, the reduction of emergency brake pressure during wheel slip
was either inhibited (prevented) or monitored by a hardware electronic safety timer. See U.S.
Patent No. 5,735,579 entitled “Brake Assurance Module.” Depending on the configuration of
the pneumatic brake components and wheel slip control components, often the use of an
electronic hardware safety timer is insufficient for protecting against extended periods of
- brake reductions without sufficient periods of brake application. Inhibiting wheel slip control - -
often results in wheel slides and wheel lockups with extended stopping distances. With
increasing demand for wheel protection in all brake modes along with increased emphasis on
System safety, the pneumatic brake assurance module according to this invention becomes

necessary, and easy to configure and analyze. Moreover, the pneumatic brake assurance

module according to this invention will:

1. assure that emergency brake is applied;
2. provide a known reliability analysis of the emergency brake modes;
3. provide a means to allow wheel slip protection of the emergency brake for

fixed limited periods of time;

4, provide a non-electronic method to force emergency braking to the required
level; and
5. allow software-controlled blending and wheel slip control of emergency brake ;
modes.
SUMMARY OF THE INVENTION

[0005]  Briefly, according to this invention, there is provided an improvement in a
pneumatic brake cylinder control circuit for controlling the supply of pressurized air to brake

cylinders. The circuit has a main source of pressurized air and a connection to a brake pipe,

(W0213433.1}
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the pressure in which drops in an emergency. The main source of pressurized air and the
brake pipe may be the same. A variable load relay valve supplies the brake cylinders with the
appropriate braking pressure. The variable load relay valve is controlled by pilot pressure
from either a service braking control source or an emergency braking control source selected
by an emergency magnet valve and an input indicative of load.

[0006] The improvement according to this invention comprises a pneumatic emergency
brake assurance module which includes a high capacity transfer valve connected in a first
position to the output of the variable load relay valve and in a second position to a source of
emergency braking air pressure. The high capacity transfer valve is biased in the second
position to provide communication between the emergency braking air pressure source
(emergency reservoir) and the brake cylinders. The high capacity transfer valve is forced to
the first position by pressure exceeding a preset pilot pressure at the pilot pressure port.

[0007] Pressure at the pilot pressure port of the high capacity transfer valve is controlled
by a transfer valve pilot pressure circuit comprising a timing reservoir, a double check valve,
and check valve/choke circuit. The timing reservoir is in communication with the pilot port

of the high capacity transfer valve. The double check valve has an output port in

communication with the timing reservoir and pilot port. The double check valve has one

input connected to the emergency braking control source (brake pipe) and the other input
connected through a check valve/choke circuit to the output of the variable load relay valve.
Thus, the output of the double check valve will be in communication with the input port
having the higher pressure. The check valve/choke circuit provides parallel connections
between the double check valve and the output of the variable load relay valve such that flow
from the variable load relay valve passes through a charging choke and opposite flow to the
variable load relay valve passes through a dissipation choke. Thus, if either input to the
double check valve has a pressure exceeding the pilot pressure required to overcome the bias
of the high capacity transfer valve, it will maintain the communication between the variable
load relay valve and the brake cylinders, but if the pressure of both inputs to the double check
valve falls below the pilot pressure required to overcome the bias, after a period of time for
the timing reservoir to discharge through the check valve/choke circuit to that pressure level,
the high capacity transfér valve will place the source of emergency braking air pressure (e.g.,
emergency reservoir) in communication with the brake cylinders.

[0008] According to a preferred embodiment, the check valve/choke circuit has a check

valve in series with the charging choke and the charging choke has a greater capacity than the

dissipation choke.

{W0213433.1)
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[0009] According to a preferred embodiment, the preset pilot pressure and corresponding
bias for the high capacity transfer valve and the volume of the timing reservoir are selected to
provide a delay of at least one second before the high capacity transfer valve connects the

source of emergency braking air pressure.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] Further features and other objects and advantages will become clear from the
following detailed description made with reference to the drawings in which:
[0011] Fig. 1 is a much simplified schematic of an exemplary braking system on a transit
vehicle in which the improvement of this invention can be implemented; and
[0012] Fig. 2 is a schematic diagram of a brake cylinder conirol circuit in which a

pneumatic emergency brake assurance module according to one embodiment of this

invention has been implemented.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0013] Referring now to Fig. 1, the transit vehicle has a coupler 10 at each end that
mechénically couples adjacent vehicles and provides coupling of the brake pipe and electrical

train lines. The brake pipe may be a source of pneumatic pressure for implementing braking.

v -

It is used to provide pneumatically transferred signals to the braking systems along the train.

The brake pipe, along with the electric train line, implements the combined electrical and
pneumatic (electro-pneumatic) braking control.

[0014] As shown in Fig. 1, the transit vehicle has two sets of brake cylinders 12, 14, one
for each bogie, for actuating brakes, such as disc brakes, associated with each wheel axle.
Each set of brake cylinders is controlled by a Brake Cylinder Control Unit (BCCU) 16, 18.
The BCCUs respond to service braking commands and emergency braking commands
generated by a local control system 20 @hich, in some implementations, are functions of a
friction brake control unit and a brake pipe control unit as are known in the art. The local
control system 20 responds fo electric and pneumatic signals passed along the train line from
a central controller unit in the lead locomotive, for example. As shown in Fig. 1, a number of
local reservoirs is charged by a brake pipe 32.

[0015] in an alternate configuration, a main reservoir pipe runs parallel to the brake pipe.
Various reservoirs, service reservoir 22, emergency reservoir 26, and control reservoir 30, are
charged from the main reservoir pipe. In that event, the brake pipe still communicates the

emergency stopping signal. The discussion of Fig. 1 15 for providing background in which

the invention disclosed may function and is not intended to restrict the scope of the invention.

(W0213433.1}
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[0016] Referring now to Fig. 2, there is shown one example of a BCCU having a
pneumatic emergency brake assurance module 40. Central to the BCCU is a variable load
relay valve (VLRV) 42, the primary function of which is to provide electro-pneumatic
friction service brake control, emergency brake control, and wheel slip control for its
respective bogie. The variable pressure output of the VLRV 42 is controlled by a pilot
pressure at its pilot pressure port 43. Under normal operating conditions, the pilot pressure is
provided by pilot control valves 44 in response to electrical service control signals from the
local control system. The pilot control valves are also used to implement wheel slip control.
The emergency and backup pneumatic controlled service braking are controlled by pneumatic
control signals generated by the local control system when an Emergency Magnet Valve
(EMV) 46 is shifted by an electrical signal.

[0017] While it is not expected that in any control mode, including emergency braking or
wheel slip controlled braking, that the pilot pressure at the VLRV 42 for emergency stopping
would not apply braking pressure to the braking cylinders, the emergency brake assurance
module is implemented according to this invention as a fail-safe system. The primary

objective of the invention is to provide an independent method to ensure that emergency

pressure is available. This module is. pneumatically- designed with components of known

reliability and simple modes of operation for analysis requirements. The use of a pneumatic
assurance module provides independence from electronic software-controlled pressure
devices that are required to meet adaptive wheel slip control specifications. This invention
ensures that emergency brake cylinder pressure is applied while allowing both dynamic brake
blending and wheel slip control during the emergency brake condition. The time period in
which the modulation of the available brake cylinder pressure is allowed after the initiation of
emergency braking is controlled. Additionally, this module assures that emergency brake
pressure is applied when brake control pressure is released (either intentionally or
unintentionally) for an extended period of time during the emergency brake condition.

[0018] A High Capacity Transfer Valve (HCTV) 50 determines whether the emergency
brake output will come from the emergency reservoir (In some systems indirectly via an
emergency unit) or the VLRV 42. The HCTV 50 is biased in the position to provide
emergency brake output from the emergency reservoir. The valve implements the command
to implement emergency brake assurance control.

[0019] The brake pipe is connected to one input of a double check valve 52. An outlet port
58 is connected to a timing reservoir 54 and a pilot port 56 of the HCTV 50. Thus, the timing

reservoir will normally be filled to the pressure of the brake pipe, and the brake pipe pressure

(W0213433.1)
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being more than that needed to overcome the bias on the HCTV 50, the VLRV 42 will be in
control of brake cylinder pressure. In an emergency situation when the brake pipe pressure
drops, the pressure in the reservoir and on the pilot port of the HCTV 50 will equalize with
the output of the VLRV 42 through a check valve/choke circuit 60 connected to the other
input port of the double check valve. Even if the output of the VLRV 42 is at atmospheric
pressure, the pressure on the pilot port of the HCTV 50 will remain sufficiently high to hold
the valve in the normal operating position connected to the VLRV 42 until the reservoir
discharges to a pressure below that required to overcome the bias. This provides a timing or
delay function that is dependent on the size of a dissipation choke 62, the volume of the
timing reservoir 54, the average pressure at the output of the VLRV 42, and the minimum
pilot pressure to.overcofne the bias on the HCTV 50.

[0020] The check valve/choke circuit 60 is provided with two parallel paths. The
dissipation choke 62 is on one path. In the other path is a check valve 64 permitting flow
from the VLRV to the charging volume and a charging choke 66. Thus, during wheel slip
control, the timing reservoir can be recharged during the period when the brake cylinder
pressure is raised between periods when the brake cylinder pressure is reduced. Hence,
- normal wheel -slip control will not result in the bias on the HCTV being overcome. The
chargiﬁg choke 66 adjusts the charging flow rate which determines how the pneumatic timer
is reset based on the rate of air flowing back into the timing reservoir 54. The timing
reservoir volume, charging choke 66 size, dissipation choke 62 size, and brake pressure bias
of the HCTV 50 are selected (configured) to meet the desired requirements based on the
emergency brake analysis. These values selected determine the time in brake release
allowed, the amount (level) of brake pressure reduction allowed, and the rate at which the
timer is reset when brake pressure is applied.

[0021] The pneumatic timer will begin timing as soon as the emergency condition is
initiated by the loss of brake pipe pressure and if the control pressure is not sufficient. The
timer can be reset whenever the brake control pressure becomes available (not released) or
whenever the brake pipe pressure becomes available (not in emergency brake condition).
The timer will timeout when brake pressure is released for an extended period of time
regardless of the control methodology of the brake pressure once the emergency condition is
initiated.

[0022] As illustrated in Fig. 2, the modulated brake control pressure (output of the VLRV)
and emergency level brake pressure can be derived from the same source or from

independent reservoirs wherein the emergency brake pressure is completely separate from the

(W0213433.1)
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modulated pressure. Where the source 1s the same, the control pressure would be split so that
one branch is controlled by the brake/wheel slip module and the other is directly connected to
the HCTV 50.

[0023] By way of example only, the range of certain parameters of the preferred

embodiment of the pneumatic brake assurance module is set forth in the following table.

Table
Parameter ] Maximum I ~ Minimum
Brake Cylinder Pressure 67 psig 55 psig
L - ‘l 462 x 10" pascal | 379 x 10 pascal
Emergency Brake Pipe Pressure 0] 951g | | 0 p31g
| Reservoir Volume I 90 in® . 90 in®
 1147x10%m 1.47x10°m’
| Charging Choke Size | 0.160 in 1 0.160 in
| o ]4.064%x10°m | 4.064%x10°m
Dissipation Choke Size 0.060 in ' 0.060 in
‘ , - J152x10m | 1.52x 10”m l
Pilot Pressure to overcome bias on HCTV l 25 psig I 25 psig
172 x 10" pascal | 172 x 10* pascal
Delay Provided when both input to Double Check | 3 46 sec | 2.7 sec |
Valves are atmospheric , | B |
| Time to fully recharge Reservoir Volume - -~ - [040sec ~ ~~ [036sec

[0024] Having thus described our invention in the detail and particularity required by the

Patent Laws, what is desired protected by Letters Patent is set forth in the following claims.

(W0213433.1}
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THE INVENTION CLAIMED IS:

1. In a pneumatic brake cylinder control circuit for controlling the supply
of pressurized air to brake cylinders, said circuit having a source of pressurized air which
drops in an emergency and having a variable load relay valve, the output of which 1s
supplied to the brake cylinders, said variable load relay valve being controlled by an input
indicative of vehicle load and a pilot pressure from either a service braking control source or
an emergency braking control source selected by an emergency magnet valve, the
improvement comprising;:

a pneumatic emergency brake assurance module comprising:

a high capacity transfer valve connected 1n a first position to the output of the
variable load relay valve and 1n a second position connected to a source of emergency
braking air pressure, the high capacity transter valve being biased in the second position to
provide communication between the emergency braking air pressure and the brake cylinders,
the high capacity transfer valve being forced to the first position by a preset pilot pressure at
the pilot port; and

a transfer valve pilot pressure circuit comprising:

a timing reservolr in communication with the pilot port of the high capacity
transfer valve; and

a double check valve having an output port in communication with the
reservoir and pilot port of the high capacity transfer valve, the double check valve having one
input connected to said source of pressurized air, the double check valve having the other
input connected through a check valve and choke circuit to the output of the variable load
relay valve, such that the output of the double check valve will be in communication with the
input port thereof having the higher pressure,

said check valve and choke circuit providing parallel connections between the
double check valve and the output of the variable load relay valve such that flow from the
variable load relay valve passes through a charging choke and opposite flow to the variable

load relay valve passes through a dissipation choke,
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whereby if either input to the double check valve has a pressure exceeding the
pilot pressure required to overcome the bias of the high capacity transfer valve it will
maintain the communication between the variable load relay valve and the brake cylinders
and 1f the pressure of both inputs to the double check valve falls below the pilot pressure
required to overcome the bias after a period of time for the reservoir to discharge through the
check valve/choke circuit to that pressure level, the high capacity transfer valve will place the

source of emergency braking air pressure in communication with the brake cylinders.

2. The improvement of claim 1, wherein the check valve and choke
circuit has a check valve 1n series with the charging choke and the charging choke having a

greater capacity than the dissipation choke.

3. The improvement of claim 1, wherein the preset pilot pressure and
corresponding bias for the high capacity transfer valve and the volume of the reservoir are
selected to provide a delay of at least one second before the high capacity transfer valve

connects the source of emergency braking air pressure.
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