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(54) Title: ELECTROPNEUMATIC BRAKE CONTROL VALVE

(87) Abstract

An electropneumatic brake control valve unit 20 10
capable of operating at the interface of the emer- e -~
gency brake portion (20) or the service brake por- ‘IE - |
tion (10) of a standard brake control valve as a -
retrofit unit (40) or operating as a stand alone elec- . 42 -

tropneumatic unit. The unit includes electric valves 12 |
responsive to electrical signals and sensed brake I

pipe pressures to operate pneumatic valves to con-
trol the brake cylinder. The pneumatic valves are
also operable independent of the electric control
valves so as to allow braking with the electrical
controls off or disables. The unit can operate in
combination with a complete brake control valve or
with either or none of its emergency and service
portions.
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ELECTROPNEUMATIC BRAKE CONTROL VALVE
SACKGROUND AND FIVIIVE A I ¢ v NV H N I\

The present invention relates generally to
electropneumatic ("EP") brake control valves and more
specifically, to a retrofoot unit to convert a
pneumatic brake control valve to electropneumatic
brake control valve.

Electropneumatic brake control valves are well
Known 1in the passenger railroad art and the mass
transit railroad art. Because the trains are short
and are not involved generally in a mix and match at
an lnterchange of different equipment, the ability to
provide pneumatic and electrical control throughout
the train has been readily available in the passenger
and the mass transit systems. 1In freight trainé, the
trains may involve as much as 100 cars stretching over
one mile or more. The individual cars may lay idle in
harsh environments for up to a vear without use.
Also, because of the long distance they travel, the
cars are continuously moved from one consist to
another as it travels to its destination. Thus, the
use of electropneumatic-pneumatic wvalves in the
freight trains has been very limited.

A typical example of electropneumatic control on
individual cars of a passenger train is U.S. Patent
2,897,011 to Cotter. A magnetic application valve and
release valve are connected with the brake pipe and a
control reservoir to locally produce a pneumatic
signal simulating a brake pipe signal to control the
individual pneumatic control valve at each of the
cars.

The major use of electropneumatic valves in
freight trains have been at the locomotive. This is
where electric power is available and the electrical
interconnection is easy to achieve. Also, by the use
of radio waves, the simultaneous braking at various
positions along the train using slave locomotives with
electro-pneumatic valves has also been used on freight
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trains. Recently, the American Association of
Rajilroads ("AAR") has undertaken a massive study to
determine an appropriate regime of incorporating
electropneumatic valves on each of the cars of a
freight train.

Various overlay systems have been proposed for
use with control valves for freight trains. One is
shown by U.S. Patent 5,390,988 to Shank. This is an
overlay system wherein an adapter is inserted to the
service portion of a standard pneumatic brake control
valve and electrically operates pneumatic valves to
pneumatically control a standard brake control valve.
The overlay 1is inserted between the service portion
and its accelerated release valve portion. It is a
pilot adaptor wherein the electropneumatic portion
provides pneumatic signals to the control valve to
operate in its normal matter. The only direct
connection of the electropneumatic portion and the
brake cylinder is for graduated release wherein the
brake cylinder can be connected to exhaust through the
electropneumatic valve.

Another overlay system 1s illustrated in U.S.
Patent 5,335,974 to Klink. This system also includes
an electronic module and electropneumatic valves
connected to a standard freight control wvalve. A
pneumatic interface with transducers is provided
between the service portion and the pipe bracket of a
standard pneumatic brake control valve.

Another recent overlay system for a freight brake
control valve is shown in U.S. Patent 5,393,129 to
Troianli et al. The two previously discussed patents
to Shank and Klink provided adaptors or overlay to the
service portion of the control valve or at the
interface between the service portion and the pipe
bracket so as not to change the connection of the
train fluid system to the pipe bracket. Troiani et
al. provides their overlay at the connection of +the
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pneumatic system to the pipe bracket. The
electropneumatic valve system is connected to the
emergency reservolr and between the retainer port of
the pipe bracket and the retainer.

A trailn inspection apparatus is disclosed in U.S.
Patent 2,993,199 to Browne et al. A pneumatic
interface is provided between the emergency portion
and the pipe bracket. This interface not only
monitors the condition of the brake valve but also |
allows electropneumatic operation or an overlay of the
pneumatic operation of the pneumatic brake valve. As
with Shank and Klink, Brown et al. does not require
modification of the connection of the fluid systems to
the pipe bracket.

It 1is an object of the present invention to
provide an electropneumatic retrofit unit which can be
mated with either the emergency or service portion
pipe bracket interface.

It is another object of the present invention to
provide an electromagnetic retrofit unit for a
pneumatic brake control valve which can operate as an
overlay with a complete brake control wvalve or in
combination with either the emergency or service
portion, or as a complete stand alone.

An even further object of the present invention
is to provide an electropneumatic unit for
installation on new cars that is designed for
electropneumatic operation only.

These and other objects are achieved by an
electropneumatic unit for a pneumatic brake control
valve connectable to an interface of the emergency
brake portion or service brake portion of a standard
Pipe bracket as a retrofit or by itself. The unit
includes an EP interface having an EP brake pipe port,
EP brake cylinder port and an EP emergency reservoir
port for interfacing with the corresponding ports at
the brake pipe interface. An electrical control
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valve, which 1is connected +to the EP emergency
reservolr port, has a venting port and an output port.
The electrical control valve selectively connects its
output port to the venting port for releasing a brake
or connects the EP emergency reservoir port to its
output for applying the brake. A pneumatic brake
cylinder valve is responsive to the output of the
electrical control valve for selectively connecting

the EP brake cylinder port with the EP emergency
reservoir port or a venting port.

An isolation valve 1is connected to the brake
cylinder valve for preventing the output of . the
electric control valve from inadvertently oﬁerating
the brake cylinder valve. The isolation valve may be
an electrically controlled valve or a pneumatically
controlled valve. The isolation valve may connect the
output of the electrical control valve to a venting
port to thereby prevent the brake cylinder valve from
connecting the EP brake cylinder port with the EP
emergency reservoilr port. The isolation valve may be
responsive to a braking signal from the pipe bracket
at an EP brake signal port or the brake pipe pressure,
such that the pneumatic brake cylinder valve is
responsive to the electrical control valve when there
is either no brake signal at the EP brake signal port

or the brake pipe is not being modulated for pneumatic
braking. The isolation valve may also connect the EP
brake signal port to the EP brake cylinder port when
preventing the output of the electric control valve
from operating the brake cylinder valve.

As an alternative, the isolation valve may also
connect the EP brake signal port to the brake cylinder
valve to operate the brake cylinder valve when
preventing the output port of the electric control
valve from operating the brake cylinder valve. As a
further alternative, the unit could include a
pneunmatic selection valve to selectively connect the
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EP brake cylinder port either with the EP brake signal
port or the output of the brake cylinder valve. The
selection valve may select the higher of the two
signals.

The control unit may also include a pneumatic
emergency valve separate from the isolation valve for
selectively connecting the EP emergency reservoir port
to the brake cylinder valve in response to an

emergency signal in the EP brake pipe port. The
pneumatic emergency valve is responsive to brake pipe

recharging to cause the brake cylinder valve to
release the brakes. The emergency valve and the
selection valve may be combined such +that the
emergency valve also disconnects the output port of
the electric control valve from the brake cylinder
valve 1n response to an emergency signal.

The unit may also include a charging choke and
check valve which allows the EP brake pipe port to
charge an emergency reservoirs and/or an auxiliary
reservoir connected to EP emergency reservoirs port
and EP auxiliary reservoir ports through the unit.
The unit may be connected directly to and replace the
service portion at the service portion interface to
the pipe bracket or may be connected through an
adaptor plate to the emergency portion interface to
the pipe bracket. When the unit is connected to the
service portion, the emergency portion may be
connected to the pipe bracket and used as a vent
valve. The emergency portion may be replaced with a
vent valve. Alternatively, the emergency portion may
also be removed and covered by a blank plate. The
unit includes one or more transducers for sensing
pressure in one of the EP ports and electronics on the
unit for operating the electrical control valve and
any other electrical valves in the unit.

The electropneumatic control unit may also be a
separate stand alone unit 1in combination with an
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electropneumatic brake system independent of a
pneumatic brake valve. In addition to the interface
and the electrical control valve, it would include a
pneumatic brake cylinder valve responsive to the
output port of the electrical control valve for
selectively connecting the EP brake cylinder port with
the EP reservoir port or a venting port. This unit
can also include a pneumatic emergency valve for
selectively connecting the EP reservoir port to the
brake cylinder valve in response to an emergency
signal in the EP brake pipe port. As in the other
embodiment, the emergency valve may also disconnect
the output port of the electrical control valve from
the brake cylinder valve in response to an emergency
signal in the EP brake pipe port.

The unit may also include a release interface
having a first and ' second brake cylinder port
connected respectively to the EP brake cylinder port
and to the brake cylinder valve or the selection valve
for mating with respective ports on a manual release
valve to be mounted at the release interface. Thus,
the manual release valve can release the brakes
without draining reservoir pressure. The release
interface also includes a reservoir port interface so
as so allow the manual release valve to also discharge
the reservoirs.

In another embodiment, the electropneumatic
control unit would include the EP interface and the
electrical control valve in combination with the
pneumatic isolation valve. The pneumatic isolation
valve 1s responsive to pressure in the EP brake pipe
port for selectively connecting the EP brake signal
port and the EP brake cylinder port when the EP brake
pipe pressure signals a brake application. The
pneumatic isolation valve also connects the output of
the electrical control valve to the EP brake cylinder

port when the EP brake pipe pressure signals the brake
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release. Alternatively, the pneumatic isolation valve
may be responsive to pressure in the EP brake signal
port and at the output port of the electrical control
valve for selectively interconnecting the EP brake
signal port and the EP brake cylinder port when the EP
brake signal port pressure signals and brake
application. The pneumatic isolation valve connects
the EP emergency reservoir port to the EP brake
Cylinder port when the EP brake signal ports pressure
signals a brake release and the output port of the
electrical control valve signals a brake application.

Other objects, advantages and novel features of
the present invention will become apparent from the
following detailed description of the invention when
considered in conjunction with the accompanying
drawings.

3 E > RIPTION Q al DRAWINGS

Figure 1 is a schematic of a train brake system
on a car incorporating the principles of the present
invention.

Figures 2A and 2B are schematic representations
of a first embodiment of an electropneumatic retrofit
unit connected at the emergency and the service
interfaces of a pipe bpacket pneumatic brake control
valve respectively.

Figures 2C and D are schematic representations of
electropneumatic unit as a stand alone without
connection to any poftion of a pneumatic brake control
valve with a standard pipe bracket and an
electropneumatic pipe bracket respectively.

Figures 3A and 3B are schematic representations
of a second embodiment of an electropneumatic retrofit
for a pneumatic brake control valve connected at the
emergency portion of the interface to the pipe bracket
in combination with a complete brake control valve and
only the pipe bracket respectively.
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Figures 4A and 4B are schematics of a third
embodiment of an electropneumatic retrofit unit for a
full pneumatic brake control valve connected at the
emergency interface of the pipe bracket in combination
with a complete brake control valve and only the pipe
bracket respectively.

Figures 5A and 5B are schematics of a fourth
embodiment of an electropneumatic retrofit unit for a
pneumatic brake control valve connected at +the
emergency interface to the pipe bracket for use in
combination with a complete brake control valve and
only the pipe bracket respectively.

Figures 6A and 6B are schematic representations
of a fifth embodiment of an electropneumatic retrofit
unit for pneumatic brake control valves connected at
the emergency portion interface of the pipe bracket in
combination with a complete brake control valve and a
pipe bracket only respectively.

DET2 D L RIPTION C HE_ PR RRED EMBODIMEN

As 1illustrated in Figure 1, the train brake
system includes a brake control valve having a service
portion 10 and emergency portion 20 connected to a
pipe bracket 30. A cut-off cock 12 connects brake
pipe 14 to the pipe bracket 30 at port BP. A retainer
valve 18 connected to exhaust is connected to pipe
bracket 30 at retainer port RET. A combined reservoir
22, having an auxiliary AUX RES and an emergency
reservoir EMER RES are connected to respective ports
AR and ER of pipe bracket 30. A brake cylinder 24 is
connected through empty/load device 26 to brake
cylinder port BC. The elements described so far are
part of a normal brake system. The service portion

10, emergency portion 20 and pipe bracket 30 are
standard parts, for example, a DB-~60 from New York Air

Brake Corporation or Knorr Bremse AG. Similarly, they
may be a ABDX or other AAR approved brake valves.
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Although the schematic in Figure 1 shows the
service portion 10 and the emergency portion 20 on
opposing faces of pipe bracket 30, the invention to be
described can also be used on a single sided pipe
bracket where the service portion 10 and the emergency
portion 20 are adjacent each other on a single face of
the pipe bracket 30. It should also be noted that the
retrofit apparatus of the present invention may also
be used with non-AAR valves and as stand alone units
without the pipe bracket 30.

The retrofit wunit of the present invention
includes a car control device (CCD) 40 designed to
provide electropneumatic brake control on either a new
or existing freight cars. An adaptor plate 42,
connected between the emergency portion 20 and the
pipe bracket 30 is connected pneumatically to the car
control device 40 by passages 44. The adaptor plate
42 provides the interconnection between the pipe
bracket 30 and the emergency portion 20 as well as
pneumatic access to certain passages. Adaptor plate
42 includes a brake signal port CVC which conveys the
brake signal from the emergency portion 20 to the pipe
bracket 30 for the brake cylinder 24. It also
includes a brake pipe port BPC connected to the brake
pipe passage in adaptor plate 42. The emergency port
ERC 1s connected to a passage in adaptor plate 42
connected to the emergency reservoir. The brake
cylinder port BCC in the adaptor plate 42 is connected
to a passage connected to the brake cylinder port at
the interface with the pipe bracket 30.

An electrical or electronic empty/load device 46
is also connected to the car control device 40. This
provides a feedback to the car control device 40 such
that it can make appropriate decisions on the
appropriate braking in combination with the pneumatic
empty/load device 26 or if the empty/load device 26 is
not on the car. A car identification device 48 is
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also connected to the car control device 40. This
provides identification in a reporting system for each
of the individual cars. The car control device 40 is
connected to trainline cable 50 through -junction box
52. The train cable 50 is a combined communication
and power line running through the train. The
communication and power line may be separate lines or
one combined line.

Although the car control device 40 is shown
connected to the adaptor plate 42 by passages 44, it
may be mounted directly to or be an integral part of
the adaptor plate 42. As described in some of the
preferred embodiments, the EP ports on the car. control
device 40 are configured so as to mate directly with
the interface ports on the service side of the pipe
bracket 30. This allows the car control device 40 to
replace a service portion 10 and be mounted directly
to the pipe bracket 30. The car control device 40 can
be used by itself without the emergency portion 20 or
in combination with the emergency portion 20 also
mounted directly to the pipe bracket 30. When the car
control device is used by itself, it may be used with
a standard pipe bracket 30 or a special pipe bracket
30-1 as shown in Figures 2C and 2D respectively with
a brake pipe vent valve. The adaptor plate 42 allows
the car control device 40 to be used with a complete
brake control wvalve having service portion 10 and
enmergency portion 20.

The car control device 40 provides pneumatic
control of the brake cylinder pressure when the brake
pipe pressure is used as a supply line. The car
control device 40 can also electropneumatically
control the brake cylinder pressure by providing the
required functions of the service portion when the
brake pipe 14 is used as a control pipe. When the car
control device 40 is used with the complete brake
control valve having service portions 10 and emergency
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portions 20, the car control device 40 provides
pneumatic or electropneumatic control of the brake
cylinder pressure. If the brake pressure is reduced
at an emergency brake rate, the car control device 40
will allow conventional brake operation using the
service portion 10 and the emergency portion 20. This
design of the car control device 40 allows it +to
operate either in a conventional fully pneumatic train
or 1n a train having only electropneumatic brakes.
Also, it allows pneumatic back up if the car control
device fails or is without power.

"When the car control device 40 substitutes for
the service portion 10, it provides for charging of
the emergency and the auxiliary reservoirs. The car
control device 40 also provides electropneumatic
control of the brake cylinder pressure. If the brake
pipe is reduced at a service or an emergency rate or
increased for a release, the car control device 40
senses these pressure changes and simulates the
function of the service portion 10 in controlling the
brake cylinder pressure. When used in combination
with the emergency portion 20, it acts as a back up
for the emergency portion 20 or the emergency portion
20 acts as a brake pipe vent valve. When the car
control device 1is used as a service portion or
combined service/emergency portion and in a train not
having electropneumatic power or communication, the
car control device will require a power source on the
car to electrically operate. Otherwise it will
provide a more basic pneumatic response.

The car control device 40 has been designed
specifically for retrofitting to a standard pipe
bracket 30. The specific elements and logic are also
usable with the simpler pipe bracket and in a non-
retrofit environment as illustrated in Figure 2D.

Various embodiments of the car control device 40
will be described in the following figures. Figure A
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will reflect the car control device 40 used with a
complete pneumatic control valve having a service
portion 10 and an emergency portion 20. Figure B of
the same figure number will be the car control device
partially modified to operate with 1less than the
complete pneumatic control valve in combination with
either the emergency portion 20 or with neither the
emergency portion 20 nor the service portion 10.
Figures C and D show the combination of car control
device and vent valve.

To aid in understanding the various passages
within the control valve, the brake pipe passage is
represented by a "B", the brake cylinder passages by
a "C", the emergency reservoir passages by an "E", the
retainer passage by an "R", the auxiliary reservoir
passage by a YA", and the control valve or brake
signal passage from the emergency portion for the
brake cylinder by a "V". The passages in the service
portion 10 will have a number in the +teens, the
passages in the brake pipe 30 will have numbers in the
30's, the passages in the emergency section 20 will
have numbers 1in the 20's, and the passages in the
retrofit adaptor plate 42 will have reference numbers
in the 40's.

As lllustrated in the figures, the pipe bracket
30 1includes a service portion interface 31 and an
emergency portion interface 32. Each interface having
interface ports connecting the brake pipe port BP
brake cylinder port BC, the emergency reservoir port
ER, retainer port RET and auxiliary reservoir port AR
to interface service ports at face 31 and interface
emergency ports at interface 32.

The brake pipe port BP is connected by passage
B30 to a filter 36 in the pipe bracket 30. The
filtered brake pipe air is provided to a service
interface port B31 and an emergency interface port
B32. The brake pipe passage B30 is also provided to
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the emergency portion 20 for venting at interface port
B34.

The brake cylinder port BC is connected by
passage C30 to the emergency portion brake cylinder |
interface port C32. The brake cylinder passage C31 in
the pipe bracket 30 connects the brake cylinder
interface port €33 on the service interface 31 to the
brake cylinder interface ports €34 and C36 on the

emergency interface 32. This interconnects the brake

cylinder control signals between the service portion
10 and the emergency portion 20. The emergency
reservolr port ER 1is connected by passage E30 to
emergency reservolir interface port E31 on the service
interface and E32 on the emergency interface. The
retainer port RET is connected by passage‘RBO to the
retainer interface port R31 on the service interface.
The auxiliary reservoir port AR is connected by
passage A30 to the auxiliary interface port A31 on the
service interface. The pipe bracket 30 includes a
quick action chamber 34 connected to a quick action
port Q32 at the emergency reservoir interface. As
previously described, the pipe bracket 30 and the
passages Just described are for a standard pipe
bracket for AAR brake control valves.

The adaptor plate 42 provides access to the brake
pipe emergency reservoir, brake cylinder and brake
control signal for the car control device 40 while
providing continual interface between the pipe bracket
30 and the emergency portion 20 at interfaces 32 and
32' respectively. The adaptor plate 42 includes a
quick action chamber passage Q42 connecting quick
action port Q32 at the pipe bracket to quick action
port Q22 at the emergency portion 20. Brake pipe
passage B42 provides an interconnection between the
brake pipe ports B32 and B22 at the emergency portion
and brake pipe respectively. Brake pipe passage B42
is also connected to the brake pipe port BPC for the
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car control device 40 by passage B41l. Emergency
reservoir passage E42 connects the emergency reservoir

- port E32 at the pipe bracket interface to emergency

reservoir port E22 at the emergency portion interface.
Passage E41 connects passage E42 to the emergency
reservoir port ERC for the car control device 40.
Passage C44 connects brake cylinder port C34 at the
pipe bracket to brake cylinder port C24 at the
emergency portion. Brake cylinder passage C46
connects brake cylinder port C36 at the pipe bracket
interface to brake cylinder port C26 at the emergency
interface. Brake pipe passage B44 connects brake pipe
port B34 at the pipe bracket interface to brake pipe
port B24 at the emergency interface. Brake cylinder
passage C41 connects the brake cylinder port C32 at
the pipe bracket interface to brake cylinder port BCC
for the car control device 40. Brake cylinder or
brake signal passage C42 connects brake cylinder port
C22 at the emergency portion to brake cylinder or
brake signal port CVC for the car control device 40.
As in the previous figure, the service portion 10
and the emergency portion 20 are only shown in
silhouette. Service portion 10 is shown with a
standard manual release portion 28 mounted thereon.
The car control device 40 has a brake pipe port
BPC, an emergency reservbir port ERC, a brake cylinder
port BCC and a brake signal port CVC connected by
passages 44 to the respective ports on the adaptor
plate 42. An auxiiiary reservoir port ARC is also
provided on the car control device 40. The brake pipe
port, emergency reservoir port, brake cylinder port
and the emergency reservoir port are configured and
positioned so as to mate directly with respective

ports on the service interface 31 of the pipe bracket
30 so as to be used with the emergency portion 20 as
shown in Figure 2B. Alternatively, the port

configuration could be configured to directly mount to
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the emergency interface 32 and a blanking plate
provided on the service interface. Additionally, the
car control device 40 includes a combined emergency
auxiliary reservoir and an emergency reservoir port
AR/ER and first and second brake cylinder ports BC1l
and BC2 at a release interface to mate with manual
release valve 28 as shown in Figure 2B. In figure 23,
a release portion blanking plate 402 is shown mounted
blanking the port AR/ER. The passage 404
interconnects brake cylinder ports BCl and BC2 at the
release portion interface.

The overall operation of the car control device
40 1s to use the pressure in the emergency réservoir
at port ERC to provide pressure at the brake cvlinder
port BCC to control the braking by itself or as an
alternative, to use the brake signal at port CvC from
the brake control valve. The car control device 40 is
responsive to the signal from the brake control valve
at port CVC or the brake pipe port BPC to determine
whether to use an electrical control signal or the
pneumatic signal from the brake control valve to
operate the brake cylinder. In some embodiments, the
brake pipe pressure at BPC is used to pneumatically
control valve elements. In other embodiments, the
pressure at the brake pipe port BPC is monitored
electrically and thus, the control is electropneumatic
of the valves.

The first embodiment of the car control device
40-1, as shown in Figures 2A and 2B, include a brake
cylinder valve or relay BCV connected to the emergency
reservolilr port ERC via passage 406 and filter 408,
The output of the brake cylinder valve BCV is
connected by passage 410 to a select valve SEL which
receives a second input from the brake signal port CVC
via line passage 412. The brake cylinder valve BCV
selectively connects and disconnects the emergency
reservolr port ERC to the select valve SEIL. The
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output of the select valve SEL 1is provided to the
brake cylinder port BCC via passages 414, 404 and 416
and screen 418. The select valve SEL selects the
higher of the signals from the brake cylinder valve
BCV and the brake signal port CVC and is illustrated
as a double check valve. Other types of valves which
select the higher of the two signals may be used.

The brake cylinder valve BCV is illustrated on a
three-position valve spring biased to the position
shown wherein its output, the passage 410, is
connected to vent or exhaust EX and the input from the
emergency reservoir port ERC on passage 406 1is
blocked. The pilot pressure in passage 420 forces the
brake cylinder valve BCV against the spring to two of
its other positions. In the middle position, all
three ports of the valve BCV are blocked. On a high
enough pressure signal, in the third position, the
output 410 of the valve BCV 1is connected to the
emergency reservoir port ERC through passage 406.
Thus, in the position shown with exhaust in passage
410, the select valve SEL selects the brake signal on
port CVC for the brake cylinder port BCC. This allows
the pneumatic brake control valve to control the brake
cylinder.

An electrical control valve ECV is connected to
the pilot line 420 of the brake cylinder valve BCV via
passage 422. The electrical control valve ECV 1s
illustrated as including a supply magnetic wvalve SUP
and an exhaust magnetic valve EXH to selectively
connect its output port or passage 422 to either the
exhaust EX or to the supply pressure which 1s from the
emergency reservoir via passage 424 and 406. The
supply valve SUP and the exhaust valve EXH are bilas to
their blocked position. Thus, for an electrical off
or electrical failure the electrical control valve ECV
will not provide a signal on passage 420 and the brake
control valve BCV will remain 1in 1its 1inoperable
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position having passage 410 vented. The electrical
control valve ECV may also be a three-way proportional
magnetic valve as illustrated in Figure 3A.

These ECV valves are controlled by a
microcomputer in order to apply, maintain or release
the brake cylinder pressure. The brake control valve
BCV is preferably a relay valve and controls the brake
cylinder pressure to amount equal to the pressure
applied to its pilot port at 420. The magnetic valves
are controlled with a modulated or analog type of
signal which allows the valves to be opened or closed
proportionally rather than only fully opened or fully
closed by using digital or on/off control signals.
The straight 1lines on the port faces signify a
proportional value. Alternatively, digital or on/off
valves may also be used.

An isolation valve EPI is used to isolate
electropneumatic control of the brake cylinder valve
BCV. The isolation valve EPI is a two-position valve
spring biased to connect its input from passage 428
from output passage 434 connected to the pilot passage
420 of the brake control valve BCV. The passage 430
in blanking plate 432 in a pilot operated valve POV
connects passage 428 to exhaust. The purpose of the
pilot wvalve POV will be discussed with respect to
Figure 2B. The isolation valve EPI is controlled by
the microcomputer. During electrical operation of the
car control device 40, the isolation valve EPIT is
positioned in its closed or energized position cutting
off the exhaust from passage 430 in pilot port 420.
This allows the electrical control valve ECV to
control the brake cylinder wvalve BCV.

To allow pneumatic operation of the brakes using
the brake control valve or when the electrical of the
brakes is to be cut out, the isolation valve EPT is
de—-energized into its opened position wherein the
exhaust EX 1is provided to the pilot passage 420
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causing brake cylinder: valve BCV to assume the state
illustrated in Figure 2A. The primary function of the
isolation valve EPI is to prevent the car brakes from
inadvertently applying during conventional service or
when the car's electrical control is cut out due to
any leakage through the electrical control valve CVC.

The emergency reservoir port ERC is connected to
one of the blanked ports of the pilot valve POV via
passages 406, 436 and choke 438. The brake pipe port
BPC is connected via passage 440 and screen 442 to the
blanked pilot port of pilot valve POV. The operation
of the pilot valve POV will be described with respect
to Figure 2B. A charging check and choke valve CC,
illustrated in Figure 2B, has a blanking plate 444 in
Figure 2A and is connected to the brake 'pipe port BPC
and passage 440 by passage 446. The charging check
and choke CC is also connected via passage 448 to the
emergency reservoir port ERC and to the auxiliary
reservoir port ARC via screen 450. Passage 452
connects the emergency reservoir port ERC and
auxiliary reservoir port ARC to the release valve
blanking plate 402. The ability to charge the
emergency reservoir and the auxiliary reservoir via
the brake pipe and charging check and choke CC will be
described with respect to Figure 2B.

Car control device 40 includes brake pipe
transducer BPT connected to passage 440, brake
cylinder transducer BCT connected to passage 416,
emergency reservoir transducer ERT connected ¢to
passage 406 and a port 16 transducer 16T connected to
the output 420 of the electric control valve ECV. The
microcomputer of the car control device 40 uses these
measured values from the pressure/voltage transducers
to perform the required operation of the electric
portion of the control device.

The operation of the car control device 40-1

illustrated in Figure 2A will now be described.
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Charging

During brake pipe charging, brake pipe pressure
enters brake pipe port BP on the pipe bracket 30 and
flows to the service portion 10 and emergency portion
20 which operate in their typical manner. As brake
pipe pressure is increased, the brake control valve
charges its auxiliary and emergency reservoirs. As
the emergency reservoir pressure increases, air flows
Irom port ERC of the adaptor plate 42 to port ERC of
the car control device 40-1. Pressure from the
emergency reservolr port ERC flows via passages 406
and 424 to the electrical valve ECV where it is
blocked and wvia 406 to the brake control valve ECV
where it is also blocked.

Brake pilpe pressure from brake pipe port BP of
the pipe bracket 30 also flows from the adaptor plate
port BPC to the car control device brake pipe port BPC
where 1t 1s blocked at the charging check/choke cCCC
and the pilot wvalve POV. In the reléa.se/charging
position, the brake control valve's brake cylinder
pressure at port CVC is zero. Thus, the pressure on
adaptor plate 42 and the car control device 40-1 at
port CVC are zero. The isolation valve EPI is
positioned by activation to disconnect passage 420
from exhaust and allows the electrical control valve
ECV to control passage 420 of the brake cylinder valve
BCV. The electrical control valve ECV in its release
position, controls its output to zero psi and the
brake cylinder valve BCV controls its output 422 to
zero PSI and therefore the brakes remain released with
zero psi at brake cylinder port BCC.

. - ‘ v
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For conventional pneumatic brake application, the
train operator reduces the brake pipe pressure in a
normal manner. The brake control valve provides a
corresponding output to the port CVC of the adaptor
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plate 42 to the car control device 40. The
microcomputer of the car control device senses the
drop in brake pipe pressure by brake pipe transducer
BPT and maintains the isolation valve EPI de-energized
such that passage 420 of the brake cylinder valve BCV
remains exhausted into the position shown in Figure
2A. The brake control valve BCV connects passage 410
to the select valve SEL to exhaust and allows the
braking signal on port CVC from the brake control
valve to be transmitted via passages 414, 404 and 416
to the brake cylinder port BCC of the adaptor 42 and
subsequently to the brake cylinder port BC of the pipe
bracket 30.

D NE ne 2 D8LS of -

For an electropneumatic brake application, the
train operator maintains the brake pipe pressure at a
constant value, at a fully charged level, and commands
an electropneumatic brake application from the
locomotive. The microcomputer on each car control
device 40 receives the electric brake application
signal. The isolation valve EPI 1is activated and
maintained activated during electropneumatic brake
application. The activated isolation EPI disconnects
passages 434 and 420 from exhaust and blocking passage
434. The electric control valve ECV is energized and
a corrésponding amount of emergency reservoir pressure
from port ERC via passages 406, 424, choke 426,
passage 422 is supplied to the control passage 420 of
the brake cylinder valve BCV. The brake cylinder
valve BCV provides an amount of emergency reservoir
pressure equal to that on passage 420 to the select
valve SEL via passage 410 and on to the brake cylinder
port BCC via passage 414, 404 and 416. Since the
brake pipe is fully charged, there is zero pressure at
the brake signal port CVC.
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In this method, either a full brake application
Oor a graduated brake application can be achieved. The
transducer 16T provides electric feedback to the
microcomputer which controls the electric control
valve ECV to provide a pressure corresponding to the
brake cylinder pressure desired. As is well known,
the amount of brake cylinder pressure applied depends
on the train brake command as well as the car weight.
As shown 1n Figure 1, the microcomputer of the car |

control device 40 may receive an electric feedback
signal of the car weight from sensor 46.

® o
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For an emergency brake application, the train
operator can elther make an emergency rate of
emergency pipe reduction or an electropneumatic
emergency brake application. For a pneumatic
emergency brake application, the car control device
will operate as described for a regular pneumatic
brake application. The isolation valve EPI is de-
energized and prevents the br<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>