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(57) Dispositif de commande des freins qui serre et
desserre les freins d 'un veéhicule ferroviaire. Il integre un
systeme de freinage de pénalit€. Le dispositif de freinage
comprend un premier meécanisme fournissant une
pression de commande de serrage normal des freimns
selon une commande de serrage normal des freins et un
deuxicme mecanisme pour fournir une pression de
commande de frein d’urgence selon une commande de
freinage d’urgence. Le dispositif de freinage comporte
auss1 un clapet de retenue standard pour acheminer vers
un variateur de pression standard la plus ¢leveée des
pressions de commande : celle de serrage normal des
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(57) A brake control apparatus that applies and releases
the brakes of a rail vehicle incorporates a penalty brake
scheme. The brake apparatus includes a first mechanism
for providing a service brake control pressure 1n
accordance with a command for service braking and a
second mechanism for providing an emergency brake
control pressure mn accordance with a command for
emergency braking. The brake apparatus also includes a
standard check valve for conveying to a standard load
valve the higher of the service and emergency control
pressures recerved from the first and second
mechanisms. The standard load valve operates the brake
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freins ou celle de fremage d’'urgence provenant des
premier et deuxieme mecanismes. Le variateur de
pression standard actionne le dispositif de freinage par
suite de la reéception de 1'une ou 1’autre pression de
commande en provenance du clapet de retenue standard.
Le systeme de fremnage de penalite comprend un clapet
de retenue de freinage de peénalit¢ et un troisicme
mecanisme servant a fournir une pression de commande
de fremage de pénalit¢ a la suite d'une commande de
freinage de peénalite. Le clapet de retenue de fremage de
penalite ¢tablit la liaison entre les premier et troisieme
mecanismes et le clapet de retenue standard. Le clapet de
retenue de fremage de penalit¢ achemine, vers le clapet
de retenue standard, la plus €levée de ces deux pressions
de commande : celle de serrage normal des fremns ou
celle de fremage de penalite, provenant respectivement
des premier et troisieme mecanismes. Le clapet de
retenue standard achemine ensuite vers le vanateur de
pression standard la plus €levee des pressions : celle de
commande de freinage d’urgence et celle de commande
de serrage normal des freins ou celle de commande de
freitnage de peénalite provenant respectivement du
deuxicme mecanisme et du clapet de retenue de freinage
de penalite. Le variateur de pression standard actionne le
dispositif de commande des fremns a la suite de la
reception de 1'une ou 1"autre des pressions de commande
provenant du clapet de retenue standard.
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apparatus 1n response to whichever of the control
pressures 1s recerved from the standard check valve. The
penalty brake scheme comprises a penalty check valve
and a third mechanism for providing a penalty brake
control pressure 1n response to a command for penalty
braking. The penalty check valve connects between the
first and third mechanisms and the standard check valve.
The penalty check valve conveys the higher of the
service and penalty control pressures received from the
first and third mechanisms, respectively, to the standard
check valve. The standard check valve then conveys to
the standard load valve the higher of the emergency
control pressure and the service or penalty control
pressures recerved from the second mechanism and the
penalty check valve, respectively. The standard load
valve operates the brake control apparatus 1n response to
whichever of the control pressures 1s received from the
standard check valve.
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ABSTRACT

A brake control apparatus that applies and releases the brakes
of a rail vehicle incorporates a penalty brake scheme. The brake

apparatus includes a first mechanism for providing a service
brake control pressure in accordance with a command for service
braking and a second mechanism for providing an emergency brake
control pressure in accordance with a command for emergency
braking. The brake apparatus also includes a standard check
valve for conveying to a standard load valve the higher of the
service and emergency control pressures received from the first
and second mechanisms. The standard load wvalve operates the
brake apparatus in response to whichever of the control pressures
is received from the standard check valve. The penalty brake
scheme comprises a penalty check valve and a third mechanism for
providing a penalty brake control pressure 1in response to a
command for penalty braking. The penalty check valve connects
between the first and third mechanisms and the standard check

valve. The penalty check valve conveys the higher of the service

and penalty control pressures received from the first and third
mechanisms, respectively, to the standard check valve. The
standard check valve then conveys to the standard load valve the
higher of the emergency control pressure and the service or
penalty control pressures received from the second mechanism and
the penalty check valve, respectively. The standard load valve

operates the brake control apparatus in response to whichever of

the control pressures is received from the standard check valve.
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PENALTY BRAKE SCHEME FOR
STRAIGHT AIR PIPE BRAKE CONTROL EQUIPMENT

FIELD OF THE INVENTION

The present invention generally relates to a system for
electropneumatically controlling brakes on a train and, more
particularly, is concerned with a penalty brake scheme for
electropneumatic brake control systems on trains employed in
passenger transit service.

BACKGROUND OF THE INVENTION

Railroad vehicles operating in passenger transit
service generally emplov such brake control systems to control
the brakes of the rail vehicles. Conventional electropneumatic
brake control systems typically feature an electronic brake
control device and a cab station unit in each locomotive of the
train. The brake control device situated in the lead locomotive

of the train controls the overall operation of the brakes in
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response to numerous inputs received from various devices
situated on the train. The cab station unit provides the brake
control device with certain of these inputs including the
positions of the brake handles. Such brake control systems also
include a means, such as a keyboard, for inputting certain set-up
parameters and other known inputs to the brake control device;
a display for monitoring operation of the brake control system;
a2 locomotive interface unit for connecting both electrical power
and various known trainlines to the brake control system; and an
electropneumatic operating unit having various valves and other
known devices for controlling pressures in various known

pneumatic trainlines and in various known reservolrs so as to

control the brakes on each rail vehicle according to commands
received from the brake control device.

Aside from passenger transit train applications, it
should be apparent to persons skilled in the brake control art
that the invention set forth below could also be incorporated
into the electropneumatic brake control systems commonly used to
control freight and other types of railway trains. Obvious
modifications may be necessary, though, depending upon the
specific application in which the present invention is employed.

It should be noted that the foregoing background
information is provided to assist the reader in understanding the
instant invention. Accordingly, any terms of art used herein are
not intended to be limited to any particular narrowinterpretation

unless specifically stated otherwise in this document.
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SUMMARY OF THE INVENTION

In a presently preferred embodiment, the present
invention provides a penalty brake scheme for a rail vehicle
having a brake control apparatus to apply and release the brakes
of the rail vehicle. The brake control apparatus includes a
first means for providing a service brake control pressure in
accordance with a command for a service brake application and a
second means for providing an emergency brake control pressure
in accordance with a command for an emergency brake application.
The brake control apparatus also includes a standard check valve
means for conveying to a standard load valve means the higher of
the service and emergency brake control pressures received from
the first and second means. The standard load valve means
effects operation of the brake control apparatus in response to
whichever of the brake control pressures is received from the
standard check valve means. The penalty brake scheme comprises
a penalty check valve means and a third means for providing a
penalty brake control pressure 1n response to a command for a
penalty brake application. The penalty check valve means
connects between the first means, the third means and the
standard check wvalve means. The penalty check valve means
conveys the higher of the service brake control pressure and the
penalty brake control pressure received from the first means and
the third means, respectively, to the standard check valve means.
The standard check valve means then conveys to the standard load

valve means the higher of the emergency brake control pressure
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and the service or the penalty brake control pressures received
from the second means and the penalty check valve means,
respectively. The standard load valve means effects operation
of the brake control apparatus in response to whichever of the
brake control pressures is received from the standard check valve
means .

In an alternative embodiment, the present invention
provides a penalty brake scheme for a rail vehicle having a brake
control apparatus to apply and release the brakes of the rail
vehicle. The brake control apparatus includes a first means for
providing a service brake control pressure in accordance with a
command for a service brake application and a second means for
providing an emergency brake control pressure in accordance with
a command for an emergency brake application. The brake control
apparatus also includes a standard check valve means for
conveying to a standard load valve means the higher of the
service and emergency brake control pressures received from the
first and second means. The standard load valve means effects
operation of the brake control apparatus in response to whichever
of the brake control pressures is received from the standard
check valve means. The penalty brake scheme comprises a penalty
check valve means and a third means for providing a penalty brake
control pressure in response to a command for a penalty brake
application. The penalty check valve means conveys to the
standard load valve means the higher of the penalty brake control

pressure and the service or emergency brake control pressures
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received from the third means and the standard check valve means,
respectively. The standard load valve means effects operation
of the brake control apparatus in response to whichever of the
brake control pressures is received from the penalty check valve
means.

OBJECTS OF THE INVENTION

It is, therefore, a primary object of the present
invention to provide a @penalty brake scheme for an
electropneumatic operating unit.

Another object of the present invention is to provide
a penalty brake scheme for an electropneumatic operating unit
that would compel the electropneumatic operating unit to provide
service braking pressure to the brake cylinders in direct
proportion to pressure it receives from the alr springs so that
the weight of the load borne by each rail vehicle is taken into
account during braking.

Yet another object of the present invention 1is to
provide a penalty brake scheme for én electropneumatic operating
unit that would also permit emergency braking whether or not a
penalty occurs.

In addition to the objects and advantages of the
penalty brake scheme set forth above, various other objects and
advantages will become more readily apparent to persons skilled
in the brake control art from a reading of the detailed
description section of this document. Such other objects and

advantages will become particularly apparent when the detailed
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description is considered in conjunction with the attached
drawings and with the appended claims.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 1is a schematic view of a prior art
electropneumatic brake control system featuring an
electropneumatic operating unit and a brake control device.

Figure la is a partial diagrammatic view of a J-1 relay
valve device employed as part of the prior art electropneumatic
operating unit.

Figure lb is a partial diagrammatic view of a variable
load valve device employed as part of the prior art
electropneumatic operating unit.

Figure 2 is a schematic diagram of a penalty brake
scheme according to the present invention for incorporation into
an electropneumatic brake control system.

DETAILED DESCRIPTION OF THE INVENTION

Before describing the present invention in detail, for
the sake of clarity and understanding, the reader is advised that
identical components having identical functions in each of the
accompanying drawings have been marked with the same reference
numerals throughout each of the several Figures 1illustrated
herein.

Figure 1 illustrates conventional electropneumatic
operating equipment used to direct flow of air to increase and
decrease pressure within a brake cylinder line according to

changes in pressure occurring within a straight air pipe (SAP)
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of a train. The changes in pressure occurring within the
straight air pipe are typically initiated through a controlling
device such as a C~3-E CINESTON® Controller manufactured by the
Westinghouse Air Brake Company (WABCO). As is well known in the
brake control art, such a controlling device typically provides
control of both braking and propulsion. In a braking mode, such
a controlling device not only controls the straight air pipe
pressure but also the application and release trainlines. In a
propulsion mode, it controls acceleration by energizing the
propulsion control trainlines.

In response to the controlling device, typical
electropneumatic equipment such as an E-2-S8S Operating Unit
manufactured by WABCO, monitors the status of various trainlines
and controls pressure within the brake cylinder line. The
electropneumatic equipment also typically features control of
inshot, dynamic brake, lock-out and snow brake functions.

The conventional electropneumatic operating equipment,
generally designated 1, includes several devices of known
construction and operation as is shown and explained in O & M
Publication 4237-9, S.18 PTD, published by WABCO. Shown in
Figure 1 as part of the conventional electropneumatic equipment
l are the usual devices including an air filter device 2, a
double check valve device 3, several check valve devices 4a-4d,
a lockout (FA-4) magnet valve device 5, a variable load wvalve
device 6, a J-1 relay valve device 7, a snow brake device 8, an

emergency valve device 9, a
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bypass valve device 10, and an N-4-E magnet valve device 11.
These devices are typically mounted to a pipe bracket 18. The
pipe bracket 18 includes internal passages that interconnect the
devices and various fittings to which pneumatic piping from the
rail vehicle attach.

Air filter device 2 removes dirt, moisture and most
other suspended particulates from the air received from a main
reservoir 12. This prevents such contaminants from entering the
passages and devices of electropneumatic operating unit 1. Air
filter device 2 may also include a drain valve through which to
manually drain condensate from air filter device 2.

Double check valve device 3 has two inlets and a common
outlet. a first inlet receives pressure from emergency valve 9
and a second inlet receives pressure from lockout magnet valve

5. Whichever of these two pressures is the greater pressure,

double check valve 3 directs it through the common outlet to both
variable load valve device 6 and bypass valve device 10. During
brake applications, variable load valve 6 limits the pressure
ultimately provided to a control port of relay valve 7 from the
straight air pipe (SAP) 13 in direct proportion to pressure it
receives from the air springs (not shown) of the rail vehicle.
Through variable load valve 6, the electropneumatic equipment 1
can generate a brake cylinder line 14 pressure that accounts for
the weight of the load borne by the rail vehicle. If the air
spring pressure is lost, variable load valve 6 will direct a

brake cylinder control pressure to the control port or relay
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valve 7 that is representative of the maximum (AW0) load of an
empty rail vehicle. In addition to compensating for varying load
weights, variable load valve 6 also allows the electropneumatic
equipment 1 to deliver higher air pressure to brake cylinder line
14 following application of the emergency brake as set forth more
fully below.

Each of the check valve devices 4a-4d are used to
prevent the flow of air from one line back to another line. a
charging check valve 4a prevents air from flowing from the volume
of emergency valve 9 back to a supply reservoir 15. a supply
check valve 4b prevents air from flowing from supply reservoir
15 if the pressure in a feed valve line 16 ever drops to a value
below that in supply reservoir 15. a magnet pilot supply check
valve 4c permits a rail vehicle to be "hauled dead” in a train
by allowing straight air pipe 13 to charge feed valve line 16 if
the pressure is greater in the former as compared to the latter.
a blending volume check valve 4d prevents air from flowing from
a blending volume 17 so as to allow chokes located in the
passages of pipe bracket 18 to provide for a slow controlled
blowdown of air pressure in that volume.

When snow brake device 8 is activated and the brakes
are released and operating normally, snow brake device 8 enables
relay valve 7 to deliver very low pressure to the brake
cylinders, generally designated 19, such that the brakes are very
lightly applied without any significant braking occurring. The

friction generated by this light application of the brakes
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produces heat of sufficient degree to prevent ice and snow from
accumulating between the brake shoe(s) and wheel tread(s).

Snow brake device 8 includes an N-Type reducing valve
device 20, a snow brake magnet valve device 21 and a double check
valve device 22 each of which is mounted to a filling piece 23.
Filling piece 23 in turn mounts to pipe bracket 18 of the
electropneumatic equipment 1. Reducing valve 20 reduces the
pressure received from supply reservoir 15 to a pressure of
lesser magnitude. The extent of the pressure drop depends on the
setting of an adjustable control spring (not shown) contained
within reducing valve 20. When snow brake device 8 is activated
and the brakes are released and operating normally, snow brake
magnet valve 21 is energized in which state it allows pressure
to flow from reducing valve 20 to double check valve 22.
Assuming that the pressure from variable load valve 6 is lower
than the pressure from snow brake magnet valve 21, double check
valve 22 directs the higher pressure to relay valve 7.
Controlled in this instance by the pressure received at its
control port from double check valve 22, relay valve 7 delivers
from supply reservoir 15 very low pressure to the brake cylinders
19 such that the brakes are very lightly applied as indicated
previously. Conversely, when snow brake device 8 is deactivated,
snow brake magnet valve 21 is deenergized in which state it
allows no pressure to flow from reducing valve 20 to double check
valve 22. When the pressure from variable load valve 6 is higher

than the zero pressure from snow brake magnet valve 21, double

10



10

15

20

25

CA 02202938 1997-04-17

check valve 22 directs the higher pressure to relay valve 7.
Controlled in this instance by the pressure received at its
control port from variable load valve 6, relay valve 7 delivers
pressure from supply reservoir 15 to the brake cylinders 19 as
more fully set forth below.

Relay valve device 7 as illustrated in Figure la

includes a valve body 24 that defines a piston bore, a first
control chamber 25, a second control chamber 26, a supply port
27 connected to supply reservoir 15, an exhaust port 28 connected
to atmosphere, a delivery port 29 connected to brake cylinder
line 14, and a control port 30 connecting the outlet of double
check valve 22 to the first control chamber 25. Relay valve
device 7 also features a diaphragm assembly 31 separating the
first and second control chambers 25 and 26, a piston valve stem
32 connected to the second control chamber side of the diaphragm
assembly 31, and a control spring 33 for biasing diaphragm
assembly 31 in an exhaust state in which brake cylinder line 14
communicates with exhaust port 28. Relay valve device 7 also
includes a check valve 34 at one end of the piston bore and a
valve spring 35 for biasing check valve 34 closed against a check
valve seat 36 so as to cutoff supply port 27 from any of the
other ports of relay valve 7.

Relay valve device 7 either directs pressure to or
exhausts pressure from brake cylinder line 14 according to the
pressure received at diaphragm assembly 3l and the pressure

within brake cylinder line 14. 1In particular, when the brake

11
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cylinder control pressure at control port 30 increases to a
predetermined value, diaphragm assembly 31 and attached valve
stem 32 move from their seat against control spring 33. As the
pressure increases and valve stem 32 moves towards check valve
34, valve stem 32 initially cuts off communication between brake
cylinder line 14 and exhaust port 28. Valve stem 32 then lifts
check valve 34 from check valve seat 36 thereby permitting flow
of air from supply reservoir 15 through supply port 27 and piston
bore to brake cylinder line 14. Brake cylinder line 14 is also
in communication with second control chamber 26 through the
piston bore and a side passage 37. Consequently, as pressure
develops in brake cylinder line 14, pressure also develops 1n
second control chamber 26. The increase of pressure in second
control chamber 26 eventually opposes the movement of diaphragm
assembly 31 and valve stem 32. When the pressure across
diaphragm assembly 31 equalizes, valve stem 32 is positioned to
allow check valve 34 to seat thereby putting relay valve 7 in a
lap state in which both the exhaust and supply ports 28 and 27
are cutoff from brake cylinder 1line 14.

Relay valve device 7 maintains pressure within brake
cylinder line 14 while pressure from control port 30 remains on
diaphragm assembly 31. Specifically, if the pressure within
brake cylinder line 14 drops, the pressure within second control
chamber 26 drops in kind and valve stem 32 will move to open
check valve 34. Pressure will then flow from supply reservoir

15 through supply port 27 and piston bore to both brake cylinder

12
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line 14 and second control chamber 26 until the pressure across
diaphragm assembly 31 again equalizes at which point relay valve
7 again assumes the lap state. When the brake cylinder control
pressure at control port 30 decreases and pressure within first
control chamber 25 drops correspondingly, however, valve stem 32
moves away from check valve 34 and eventually to the point where
valve stem 32 assumes the exhaust state in which the pressure
within brake cylinder line 14 flows to atmosphere through exhaust
port 28.

The N-4-E magnet valve device 11 is a double solenoid
type valve that serves as the application and release magnet
valves in the electropneumatic equipment 1. It is generally
through these valves that normal service brake operation 1is
achieved. Specifically, in response to electrical signals
initiated at the controlling device, the N-4-E magnet valve 11
directs pressure into or vents pressure from straight air pipe
13 so as to control pressure at control port 30 of relay valve
7 via lockout magnet valve device 5. When the application and
release magnet valves of the N-4-E magnet valve device 11 are
energized and deenergized, respectively, the application magnet
valve directs pressure from feed valve line 16 and/or main
reservoir 12 to straight air pipe 13. Charging of straight air
pipe 13 ceases when the application valve is deenergized. When
the release and application magnet valves are energized and
deenergized, respectively, the release magnet valve vents

pressure from straight air pipe 13 to atmosphere. When straight

13
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vented. Notwithstanding, of course, any pressure ultimately
delivered from either snow brake device 8 or emergency valve
device 9 to control port 30 of relay valve 7, as the pressure
supplied from the N-4-E magnet valve 11 to control port 30 of
relay valve 7 is reduced so is the pressure within brake cylinder
line 14. Relay valve 7 thus assumes the exhaust state in which
the pressure within brake cylinder line 14 flows to atmosphere.
When both the application and release magnet valves are
deenergized, the N-4-E magnet valve 11 assumes a lap state in
which straight air pipe 13 is cutoff from both feed valve line
16 and/or main reservoir 12 and exhaust port of the N-4-E magnet
valve 11.

Lockout magnet valve device 5 is a known single coil
device through which dynamic braking is taken into account by the
electropneumatic equipment 1 via an electrical signal typically
supplied by the supplier of the propulsion equipment. Lockout
magnet valve 5 includes a first port connected to the second
inlet of double check valve 3 and a second port interconnected
with straight air pipe 13. When dynamic braking is activated,
the electrical signal energizes lockout magnet valve 5 thereby
cutting off communication between the first and second ports of
lockout magnet valve 5. Lockout magnet valve 5 then prevents
pressure in straight air pipe 13 from reaching control port 30

of relay valve 7. When dynamic braking is deactivated, lockout

14
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magnet valve 5 1s deenergized thereby permitting communication
between the first and second ports. Lockout magnet valve 5 then
allows pressure in straight air pipe 13 to flow towards control
port 30 of relay valve 7.

Emergency valve device 9 is a diaphragm operated device
such as the one shown and described in O & M Publication 4237-45,
published by WABCO. When activated in an emergency, emergency
valve device 9 directs pressure from supply reservoir 15 to both
double check valve 3 and variable load valve 6. As the pressure
from emergency valve 9 1s higher than the pressure from the N-4-E
magnet valve 11 during an emergency, double check valve 3 directs
the higher pressure to variable load wvalve 6. As explained
previously, variable load valve 6 directs this higher pressure
to control port 30 of relay valve 7. During an emergency brake
application, the application magnet valve of the N-4-E magnet
valve device 11 is also energized thereby directing pressure from
feed valve line 16 and/or main reservoir 12 to straight air pipe
13. This pressure then flows through lockout magnet valve 5 to
double check valve 3. Thus, during an emergency, the
electropneumatic operating equipment 1 directs pressure from
several routes to control port 30 of relay valve 7 so as to
supply maximum pressure from supply reservoir 15 and/or main
reservolr 12 to the brake cylinder lines. Emergency valve device

9 provides emergency application of the brakes during emergency

situations and

15
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automatically during initial charging. It also maintains
pressure within brake pipe 38 during normal service brake
operation.

Variable load valve device 6, such as the one shown and
described in O & M Publication 4229-1, S$.21, published by WABCO,
includes a valve body that defines a large piston bore and a
small piston bore. Housed within the large piston bore is a step
plston 39 generally disposed between an upper chamber 40 and a
lower chamber 41. Step piston 39 near its lower end features a
lower step 42 abutting lower chamber 41 and near its middle
features a middle step 43 abutting an intermediate chamber 44.
On the lower side of lower chamber 41 is an adjustable control
spring assembly 45. Step piston 39 also has protruding from its
upper end a plunger 46. Housed within the small piston bore is
a small piston 47 disposed above upper chamber 40 and having a
base for contacting both plunger 46 and an upper valve seat 48.

On the other side of the base of small piston 47 is a second

control spring assembly 49. The valve body also defines a first
port 51 connected to the common outlet of double check valve 3,
a second port 52 connected to both bypass valve device 10 and one
inlet of double check valve 22, a third port 53 in communication
with lower chamber 41 and connected to receive pressure from the
air spring(s) of the rail vehicle, and a fourth port 54 in
communication with intermediate chamber 44 and connected to

emergency valve device 9.

16
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Alr spring pressure received via third port 53 into
lower chamber 41 combined with the force of adjustable control
spring assembly 45 collectively bias step piston 39 so as to
unseat small piston 47 off of upper valve seat 48 wvia plunger 46.
This permits pressure to flow from double check wvalve 3 through
first port 51 into both second port 52 and upper chamber 40.
When the pressure in both second port 52 and upper chamber 40
attains a value generally greater than the force corresponding
to this collective bias, second control spring assembly 49
overcomes the collective bias thereby permitting small piston 47
to push agailnst plungef 46 and move toward upper valve seat 48.
When the base of small piston 47 seats against upper valve seat
48, flow of pressure between first 51 and second 52 ports is
cutoff. Through such pneumatic control, the pressure ultimately
conveyed to control port 30 of relay valve 7 via second port 52
is in direct proportion to the pressure variable load valve 6
receives from the air springs. Variable load wvalve 6 thus
provides a means to obtain a relatively constant rate at which
a vehicle can be braked under wvarying loads.

Bypass valve device 10, such as the one shown and
described in O & M Publication 4237-65, published by WABCO,
includes an input port connected to both the common outlet of
double check valve 3 and the first port 51 of variable load valve
51, an output port interconnected to both the second port 52 of
varlable load valve 6 and via double check valve 22 the control

port 30 of relay

17
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valve 7, a piston, and an adjustable spring assembly for biasing
the piston so that the input and output ports are in
communication with one another. The bias spring assembly is
adjusted so that as the pressure at the input port exceeds a
preset value, the piston moves to cutoff communication between
the input and output ports. This limits the pressure issued from
the output port to a predetermined value based on the setting of
the bias spring assembly. The bypass valve 10 is thus used to
build up to a predetermined value the pressure ultimately sent

to control port 30 of relay valve 7 if variable load valve device

6 malfunctions.

Figure 1 also illustrates the controlling device,
generally designated 56, that initiates the changes in pressure
within straight air pipe 13. It is according to these changes
that the electropneumatic operating equipment 1 directs flow of
air to increase and decrease pressure within brake cylinder line
14 to apply and release the brakes of the rail vehicles. The
controlling device 56 pneumatically connects directly to straight
air pipe 13 so as to achieve this control.

Referring now to Figure 2, illustrated therein are the
essential details of a presently preferred embodiment of a
penalty brake scheme for conventional electropneumatic equipment
such as the E-2-S Operating Unit manufactured by WABCO. By
incorporating the penalty brake scheme of Figure 2 into the

electropneumatic equipment 1 of Figure 1, an electropneumatic

operating unit so equipped becomes capable of supplying pressure

18
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to the brake cylinders when a penalty of one or more known and
predesignated types occurs.

The penalty brake scheme, generally designated 100,
includes a double check valve device 101 and a lockout (FA-4)
magnet valve device 102. Double check valve 101 and lockout
magnet valve 102 are preferably chosen to be identical to double
check valve device 3 and lockout magnet valve device 5,
respectively, described previously.

The penalty brake scheme 100 is preferably incorporated
into the electropneumatic operating equipment 1 as shown in

Figure 2 with reference to Figure 1. Basically, the penalty

brake scheme 100 preferably connects between a pilpe l5a leading
from supply reservoir 15 and a junction "A" situated generally
between the first port of lockout magnet valve 5 and the second
inlet of double check valve 3. Specifically, at Jjunction "A"
shown in Figure 1, double check valve 101 at a first inlet
thereof connects to the first port of lockout magnet valve 5, at
a second inlet thereof connects to the second port of lockout
magnet valve 102, and at a common outlet thereof connects to the
second inlet of double check valve 3. Lockout magnet valve 102
at a first port thereof connects to pipe 1l5a that is connected
to supply reservoir 15.

Lockout magnet valve device 102 may be a known device
through which such penalty is taken into account by the
electropneumatic equipment 1 via an electrical signal whose

absence indicates that the penalty has occurred. This electrical

19



10

15

20

25

CA 02202938 1997-04-17

signal is preferably conveyed to lockout magnet valve 102 by a
spare electrical trainline 104. During the absence of a penalty,
the electrical signal continuously energizes lockout magnet valve
102 thereby cutting off communication between the first and
second ports of lockout magnet valve 102. This prevents penalty
brake control pressure in supply reservoir 15 from reaching the
second inlet of double check valve 101.

Absent a penalty, the electropneumatic operating unit
1 will therefore operate either in a normal service braking mode
via N-4-E magnet valve device 11 or in an emergency braking mode
via emergency valve device 9. In the normal service braking
mode, the N-4-E magnet valve device 11 through its application
magnet valve directs service brake control pressure from feed
valve line 16 and/or main reservoir 12 to the first 1inlet of
double check valve 101 via lockout magnet valve 5. Double check
valve 101 experiences a higher pressure at its first inlet than
at its second inlet. While this pressure difference between the
first and second inlets exists, double check valve 101 allows
this higher pressure to flow from the N-4-E magnet valve 11
through its first inlet through double check valve 3 to first
port 51 of variable load valve 6. As described previously,
through variable load valve 6, the brake cylinder control
pressure ultimately conveyed to the control port 30 of relay
valve 7 via second port 52 is in direct proportion to the
pressure that variable load valve 6 receives from the air

springs. Controlled in this manner absent both a penalty and an
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emergency, relay valve 7 delivers service braking pressure from
supply reservoir 15 to the brake cylinders 19. In the emergency

braking mode, emergency valve device 9 directs emergency brake
control pressure from supply reservoir 15 to both the first inlet
of double check valve 3 and the fourth port 54 of variable load
valve 6. While this pressure difference between the first and
second inlets exists, double check valve 3 allows this higher
pressure to flow from emergency valve 9 to the first port 51 of
variable load valve 6. Its operation further hastened by the
pressure received at its fourth port 54, variable load valve 6
quickly directs this higher pressure to control port 30 of relay
valve 7 as described previously. Consequently, during the
absence of a penalty, the electropneumatic operating equipment
1 basically behaves as if the penalty brake scheme 100 were not
a part of the electropneumatic equipment.

When a penalty occurs, the electrical signal ceases
thereby causing lockout magnet valve 102 to deenergize. Lockout
magnet valve 102'then'permits'communication.betWeen.its first and
second ports. Penalty brake control pressure in supply reservoir
15 then flows through lockout magnet valve 102 and into the
second inlet of double check wvalve 10l. Assuming that the
pressure at the second inlet is higher than the pressure at the
first inlet, double check valve 101 then directs the higher
pressure at its second inlet through its common outlet to double

check valve device 3. While this pressure difference between the

second and first inlets exists, double check valve 101 allows
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this higher pressure to flow from lockout magnet valve 102
through its second inlet to double check valve 3. During a
penalty, the electropneumatic operating unit 1 thus permits
either penalty brake operation or emergency braking operation.

Wwhen double check valve 3 has a higher pressure at its first

inlet than at its second inlet, then the equipment 1 generally
operates in the emergency braking mode as set forth previously.
When double check valve 3 has a higher pressure at its second
inlet, however, then the equipment 1 operates in the penalty
braking mode via lockout magnet valve 102.

During the penalty brake mode of operation, penalty
brake control pressure from supply reservoir 15 is ultimately
supplied to variable load valve 6. Variable load valve 6 in turn
restricts the pressure ultimately provided to control port 30 of
relay valve 7 from supply reservoir 15 in direct proportion to
pressure it receives from the air springs of the rail vehicle.
Specifically, the high pressure in supply reservolr 15 flows
through lockout magnet valve 102 and into the second inlet of
double check valve 101. The supply reservoir pressure continues
flowing from the outlet of double check valve 101 through the
second inlet and out the outlet of double check valve 3 until it
reaches the first port 51 of variable load valve 6 of Figure 1b.
As described previously, through variable load valve 6, the brake
cvylinder control pressure ultimately conveyed to control port 30
of relay valve 7 via second port 52 is in direct proportion to

the pressure that variable load valve 6 receives from the air
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springs. Controlled in this manner during the penalty brake mode
of operation by the pressure conveyed from supply reservolr 15
via both lockout magnet valve 102 and variable load valve 6,
relay valve 7 delivers pressure from supply reservoir 15 to the

brake cylinders 19.

The penalty brake scheme 100 also includes a cutout
valve device 103 such as a sealed cutout cock connected between
lockout magnet valve 102 and double check valve 101. If lockout
magnet valve 102 fails in the deenergized state, cutout valve
device 103 can be used to cutoff the flow of pressure from supply
reservoir 15 to double check valve 101. Cutout valve device 103
can thus be used to disable the function of penalty brake scheme
100. While the function of penalty brake scheme 100 is disabled,
the electropneumatic equipment 1 can still operate in the service
and emergency braking modes.

In an alternative embodiment, the penalty brake scheme
100 can also be incorporated into the electropneumatic operating
equipment 1 as shown in Figure 1 between pipe 1l5a leading from
supply reservoir 15 and a Jjunction "A’" gituated generally
between the outlet of double check valve 3 and first port 51 of
variable load valve device 6. Specifically, at junction "A'"
shown in Figure 1, double check valve 101 at its first inlet
connects to the second port of lockout magnet valve 102, at its
second inlet connects to the outlet of double check valve 3 and
at its outlet connects to first port 51 of variable load valve

6. Lockout magnet valve 102 at its first port connecits to plpe
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15a that is connected to supply reservoir 15. Cutout wvalve
device 103 may be connected between the second port of lockout
magnet valve 102 and the first inlet of double check valve 101
so as to permit the function of penalty brake scheme 100 to be
isolated from the normal service and emergency braking functions
of the electropneumatic equipment 1.

It should be apparent that the penalty brake scheme 100
could be incorporated into the electropneumatic equipment 1 using
any one of several other alternative schemes rather than the
confiqurations described above.

The penalty brake scheme 100 can be not only provided
as part of new electropneumatic operating unit designs but also
retrofitted into existing electropneumatic equipment such as the
E-2-S Operating Unit manufactured by WABCO. In the former, pipe
bracket 18 through its internal passages and mounting points can
be designed at the outset to accommodate double check valve
device 101, lockout magnet valve device 102 and cutoff valve
device 103 in addition to the other known devices. In the
latter, double check valve device 101, lockout magnet valve
device 102 and cutoff valve device 103 can each be attached to
pipe bracket 18 by means of a filling piece and interconnected
between supply reservoir pipe 15a and junction "A" by means of
tubing external to pipe bracket 18.

while the presently preferred embodiment and the
alternative embodiment for carrying out the instant penalty brake

scheme has been set forth in detail according to the Patent Act,
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those persons of ordinary skill in the technical art to which
this invention pertains will recognize various alternative ways
of practicing the invention without departing from the spirit and
scope of the appended claims. Those of ordinary skill will also
recognize that the foregoing description is merely illustrative
and is not intended to limit any of the following claims to any
particular narrow interpretation.

Accordingly, to promote the progress of science and
useful arts, I secure for myself by Letters Patent exclusive

rights to all subject:matter'émbraced.by‘the following claims for

the time prescribed by the Patent Act.
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CLAIMS

I claim:

1. A penalty brake scheme for a rail vehicle having
a brake control apparatus to apply and release the brakes of said
rail vehicle, said brake control apparatus including a first
means for providing a service brake control pressure 1in
accordance with a command for a service brake application, a
second means for providing an emergency brake control pressure
in accordance with a command for an emergency brake application,
a standard check valve means for conveying the higher of said
service and said emergency brake control pressures received from
said firset means and said second means, and a standard load valve
means for effecting operation of said brake control apparatus in
response to whichever of said brake control pressures is received
from said standard check valve means, said penalty brake scheme
comprising:

(a) a third means for providing a penalty brake control
pressure in response to a command for a penalty brake
application; and

(b) a penalty check valve means connected between said
first means, said third means and said standard check valve means
for conveying the higher of said service brake control pressure

and said penalty brake control pressure received from said first

means and said third means, respectively, to said standard check
valve means such that said standard check valve means conveys the

higher of said emergency brake control pressure and sald service
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or said penalty brake control pressures received from said second
means and said penalty check valve means, respectively, to said
standard load valve means so that said standard load valve means
effects operation of said brake control apparatus in response to
whichever of said brake control pressures 1is received from said

standard check valve means.

2. The penalty brake scheme as recited in claim 1
wherein said third means includes a lockout magnet valve means
that is normally energized absent receipt of said command for
said penalty brake application thereby preventing communication
between a source of said penalty brake control pressure and said
penalty check valve means and deenergized upon receipt of said
command for said penalty brake application thereby allowing
communication between said source of said penalty brake control

pressure and said penalty check valve means.

3. The penalty brake scheme as recited in claim 1
wherein said penalty check valve means is a double check valve
device that connects at a first inlet thereof to said first
means, at a second inlet thereof to said third means and at an

outlet thereof to said standard check valve means.

4. The penalty brake scheme as recited in claim 2

wherein said source of said penalty brake control pressure is a

supply reservoilr.
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5. The penalty brake scheme as recited in claim 2
wherein said lockout magnet valve means is an FA-4 type magnet
valve device that is energized or deenergized via an electrical

trainline.

6. The penalty brake scheme as recited in claim 1
wherein said standard load valve means is a variable load valve
device that upon receiving any one of said brake control
pressures provides a brake cylinder control pressure that 1is
proportional to pressure that said variable load valve device

receives from air springs of said rail vehicle so that the welght
of the load borne by said rail vehicle is taken into account

during brake application.

7. The penalty brake scheme as recited in claim 2
wherein said third means includes a cutout valve means connected
between said lockout magnet valve means and said penalty check
valve means for allowing flow of pressurized air therebetween to

be cutoff so as to disable function of said penalty brake scheme.

8. The penalty brake scheme as recited in claim 7

wherein said cutout valve means is a sealed cutout cock device.

9. A penalty brake scheme for a rail vehicle having
a brake control apparatus to apply and release the brakes of said

rail vehicle, said brake control apparatus including a first
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means for providing a service brake control pressure in
accordance with a command for a service brake application, a
second means for providing an emergency brake control pressure
in accordance with a command for an emergency brake application,
a standard check valve means for conveying the higher of said
service and said emergency brake control pressures recelved from
said first means and said second means, and a standard load valve
means for effecting operation of said brake control apparatus in
response to whichever of said brake control pressures is received
from said standard check valve means, said penalty brake scheme
comprisings:

(a) a third means for providing a penalty brake control
pressure in response to a command for a penalty brake
application; and

(b} a penalty check valve means for conveying the higher
of said penalty brake control pressure and said service or said
emergency brake control pressures recelved from said third means
and said standard check valve means, respectively, to said
standard load valve means such that said standard load valve
means effects operation of said brake control apparatus in
response to whichever of said brake control pressures is received

from said penalty check valve means.

10. The penalty brake scheme as recited in claim 9
wherein said third means includes a lockout magnet valve means

that is normally energized absent receipt of said command for
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said penalty brake application thereby preventing communication
between a source of said penalty brake control pressure and said
penalty check valve means and deenergized upon receipt of said
command for said penalty brake application thereby allowing
communication between said source of said penalty brake control

pressure and said penalty check valve means.

11. The penalty brake scheme as recited in claim 3
wherein said penalty check valve means is a double check valve
device that connects at a first inlet thereof to said third
means, at a second inlet thereof to said standard check valve

means and at an outlet thereof to said standard load valve means.

12. The penalty brake scheme as recited in claim 10
wherein said source of said penalty brake control pressure is a
supply reservoir.

13. The penalty brake scheme as recited in claim 10
wherein said lockout magnet valve means is an FA-4 type magnet

valve device that is energized or deenergized via an electrical

trainline.

14. The penalty brake scheme as recited in claim 3
wherein said standard load valve means is a variable load valve
device that upon receiving any one of said brake control

pressures provides a brake cylinder control pressure that 1is

proportional to pressure that said variable load valve device
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receives from air springs of said rail vehicle so that the weight
of the load borne by said rail vehicle is taken into account

during brake application.

15. The penalty brake scheme as recited in claim 10
wherein said third means includes a cutout valve means connected
between said lockout magnet valve means and said penalty check
valve means for allowing flow of pressurized air therebetween to

be cutoff so as to disable function of said penalty brake scheme.

16. The penalty brake scheme as recited in claim 15

wherein said cutout valve means is a sealed cutout cock device.
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