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(57) Abréegée/Abstract:
Radio-based control of railroad train brakes Is effected in which brake systems are computer controlled. An End of Train (EOT)

system Is used in which microprocessor circuits of a Locomotive Control Unit (LCU) and an EOT unit are programmed to perform
these and other functions. The computer system has several states. On power on, the system enters the Setup state during which
the system stores about one minutes worth of both brake pipe and equalizing reservoir pressure data. This data Is later used to
determine the rate of change of these pressures to determine stability. Once setup Is complete, the system enters the Stabllity state
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(57) Abrege(suite)/Abstract(continued):

during which operating pressures are determined. VWWhen the equalizing reservoir pressure, the brake pipe pressure and the brake
pipe pressure at the end of the train are stable, the EOT unit iIs commanded to update operating pressures stored In Its
microprocessor control circuit. Once the several pressures have been found to be stable, the system goes to the Release state.
The system makes transitions between the Release state and the Stability state until a predetermined decrease In brake pipe
pressure Is detected. At this point, the system makes a transition to the Application state. In this state, determinations are made as
to whether to transmit brake commands to the EOT unit from the LCU or to return to one of the Stability or Release states. In any of
these states, the system can immediately enter the Emergency state to the Setup state, If setup has not been completed, or to the
Release state If setup has been completed.
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ABSTRACT OF THE DISCLOSURE. -

Radio-based cbntrol of railroad train brakes is effected
in which brake systems are computer controlled. An End of
Train (EOT) system is used in which microprocessor clircults
of a Locomotive Control Unit (LCU) and an EOT unit are
programmed to perform these and other functions. The
computer system has several states. On power on, the system
enters the Setup state during which the system stores about
one minutes worth of both brake pipe and equalizing reservoir
pressure data. This data 1s later used to determine the rate
of change of these pressures to determine stability. Once
setup 1is complete, the system enters the Stability state
during which operating pressures are determined. When the
equalizing reservoir pressure, the brake pipe pressure and
the brake pipe pressure at the end of the train are stable,
the EOT unit is commanded to wupdate operating pressures
stored in its microprocessor control circuit. Once the
several pressures have been found to be stable, the system

goes to the Release state. The system makes transitions
between the Release state and the Stability state until a

predetermined decrease in brake pilpe pressure is detected.
At this point, the system makes a transition to the
Application state. 1In this state, determinations are made as

to whether to transmit brake commands to the EOT unit from
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the LCU or to return to one of the Stability or -Release
states. In any of these states, the system can immediately
enter the Emergency state to the Setup state, 1f setup has

not been completed, or to the Release state 1if setup has been

completed.
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COMPUTER CONTROL OF RAILROAD TRAIN
BRAKE SYSTEM OPERATION

FIELD OF THE INVENTION
The present invention generally relates to implementing
radio-based Electro-Pneumatic (EP) control of railroad train
brakes and, more particularly, to computer control of
railroad train brake systems including establishing operating
pressures, generating and responding to brake commands, and

monitoring and analyzing pressure gradients.

BACKGROUND OF THE INVENTION
Radio controlled remote brake systems for a raillway
train having a caboose equipped with a motor driven pressure
regulating valve are known in the art. An example of one such
system is disclosed in U.S. Patent No. 4,056,286 to Burkett
which is assigned to the assignee of the present application.

In that system, when a brake application 1s made at the

locomotive by operating the englneer's brake valve device, a
radio signal corresponding to the brake wvalve position 1is
transmitted to the caboose where 1t 1s compared with a
feedback signal corresponding to the instantaneous position
in which the caboose regulating valve 1s set by 1ts drive
motor. The comparison 1s done digitally in a digital servo
mechanism to control a stepping motor that operates the

valve.
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End of Train (EOT) signaling and monitoring equipment 1s
now widely used, in place of cabooses, to meet operating and
safety requirements of railroads. The information monitored
by the EOT unit typically includes the air pressure of the
brake line, battery condition, warning light operation, and
train movement. This information is transmitted to the crew
in the locomotive by a battery powered telemetry transmitter.

The original EOT telemetry systems were one-way systems;
that is, data was periodically transmitted from the EOT unit
to the Locomotive Control Unit or LCU (sometimes called the
Head of Train [HOT] unit) in the locomotive where the
information was displayed. More recently, two-way systems
have been introduced wherein transmissions are made by the
LCU to the EOT unit. In one specific application, the EOT
unit controls an emergency air valve in the brake line which
can be controlled by a transmission from the LCU. In a one-
way system, emergency application of the brakes starts at the
locomotive and progresses along the brake pipe to the end of
the train. This process can take significant time in a long
train, and if there is a restriction in the brake pipe, the
brakes beyond the restriction may not be actuated. With a
two—-way system, emei:gency braking can be initiated at the end
of the train independently of the initiation of emergency

braking at the head of the train, and the process or Dbrake

2
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application can be considerably shortened, with assurance of
applying brakes behind any such obstruction.
As will be apprzciated by those skilled in the art, in

order for a LCU to communicate emergency commands to an

associated EOT unit, 1t 1s desirable for the LCU to be
"armed"; that 1is, linked to a specific EOT unit by authorized

rallroad personnel. This 1s desirable to prevent one LCU

from erroneously or malicicusly actuating the emergency

brakes 1n another trailn. To this end the LCU 1includes a
nonvolatile memory in which a unique code 1dentifying an EOT
unit can be stored. The LCU also has a row of thumb wheel
switches which allows manual entry of codes. Additional

background on EOT systems may be had by reference to U.S.

Patent Nos. 5,374,015 and 5,377,938, bcth to Bezos et al. and

assigned to the assignee of this application.

For more effective c¢peration of EOT systems, computer
control strategy 1s needed that automatically establishes

operating pressures at the LCU and EOT unit, generate prake

commands at the LCU and the EOT units, respond to Dbrake
commands generated and transmitted by the LCU, and monitor
and analyze a pressure gradient between the locomotive and

rear of the train, among other things. It 1s desirable to
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perform these functicns 1n an automated way sO as to minimize

g

the tasks of railroac personnel, especially the englneer, and

at the same time provide the engineer with valuable
information on the performance of the train's brake system.

SUMMARY OF TH!

L~

INVENTION

It 1is therefore a primary objective of the present

invention to provide computer control of railroad train brake
systems including deducling operating pressures, dgenerating
and responding to both service and emergency brake commands,
and monitoring and analyzing pressure gradlent wusing radio

transmissions between a Locomotive Control Unit [LCU] and an

Fnd of Train Unit[EOT].

Another objective of the 1invention 1s fto 1interface a
microprocessor prov.ding the  above functions with an
equalizing reservoir and the brake pipe of the train using a4
System or Service Interface Unit (S5IU) or other functionally
similar equipment such as EPIC® Dbrake control systems
developed by Westinghcuse Air Brake Company. Such a unit or
equlpment provides the M1ICroprocessor with pressure
information, which information 1 also transmitted to a

1

microprocessor located in the End of the Train Unit.

A further objective of the invention is to provide the

above microprocessor with software that implements elther a

' R "FJ«“.,{.'y-_.;p.-.14!';||“ﬂnMMp;umm,“ujuﬂulm||~N|““m‘|‘(1:;ﬂ| R T HRT RTT T L P L TR Y T SRR AT P E PR PP PR LT P | R P R e R ERI U SR L Y IRNYRT ORI LSRNt O I RPN PRI YRS T TR Y KT A FEHT TN P ERRS PRI R vede - WLABSERTTINEL, | RE( 1L EEEY B TR A R R L



. har. da%a—

CA 02248969 1998-09-28

setup or pressure stability state before brake release and

brake application states are reached.

Another objective of the invention is to provide the End
of Train (EOT) Unit with a delta pressure braking function
using the above Service Interface Unit.

Yet another objective of the 1invention 1s to
provide an End of Train Unit with a program that self tests
brake pipe conditions at the rear of a train. This can be

initiated at the EOT unit itself or by the above Service

Interface Unit.

Another objective of the invention is to synchronize the

operation of the LCU and EOT units using a "time stamp”
provided by the Service Interface Unit and sent to the LCU
and EOT units.

According to the invention, there 1is provided an
implementation of a radio-based Electro-Pneumatic (EP)
control of railroad train brakes in which remote brake pipe
pressure reductions are computer controlled. The preferred
embodiment of the invention is implemented in an End of Trailn
(EOT) system in which microprocessor control circults of the
Locomotive Control Unit (LCU) and the EOT unit are programmed

to perform these and other functions.

The computer controlled system has several states, the

method of the invention belng implemented as a "state"

S
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machine or system. With the occurrence of power on, the
machine or system enters the Setup state during which the
system stores approximately one minute's worth of both brake
pipe and equalizing reservoir pressure data. This data is
later used to determine the rate of change of these pressures
to determine pressure stability. Once setup is complete, the
system enters the Stability state during which operating
pressures are determined. When the equalizing reservoilr
pressure, the brake pipe pressure and the brake pipe pressure
at the end of the train are stable, the EOT unit is commanded
to update the operating pressures stored in 1ts
microprocessor control circuit. Once the several pressures
have been found to be stable, the system goes to the
Stability state or a Release =state. The system makes
transitions between the Release state and the Stability state
until a predetermined decrease 1in brake pipe pressure 1s
detected. At this point, the system makes a transition to
the Application (service) state. In this state,
determinations are made as to whether to transmit brake
commands to the EOT unit or to return to one of the Stability
or Release states. In any of these states, the system can
immediately enter the Emergency state, even 1f operating
pressures have not been established. Once an emergency

condition ceases to exist, the system exits from the
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Emergency state to the Setup state, 1f setup has not been

completed, or to the Release state 1f setup has been

completed.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, aspects and advantages
will Dbe better understood from the following detailed
description of a preferred embodiment of the invention with
reference to accompanying drawings, in which:

Figure 1 is a block diagram showing the major component
parts of an EOT unit and an LCU on which the subject
invention may be implemented;

Figure 2 1is a state diagram showing the flow of the
system functions according to the invention;

Figure 3 is a flow diagram showing the logic of the
Setup state function of Figure 2;

Figure 4 is a flow diagram showing the 1logic of the
Stability state function of Figure 2;

Figure 5 is a flow diagram showing the 1logic of the
Release state function of Figure 2;

Figure 6 is a state diagram showling an expansion of the
Application function of Figure 2;

Figure 7 is a flow diagram showing the logic of the

Qualify minimum Application function of Figure 6;

————
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Figure 8 is a flow diagram showing the 1logic of the
Qualify Service Applications function of Figure 6;
Figure 9 is a flow diagram showing the logic of the

Stability in Application function of Figure 6;

Figure 10 is a flow diagram showing the logic of the
Qualify Deeper Service Applications function of Figure 6;

Figure 11 is a flow diagram showing the logic of the
Emergency State function of figure 2; and

Figure 12 is a flow diagram of the EOT pneumatic self-

test software implemented on the EOT unit,

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT OF THE INVENTION

Referring now to the drawings, and more particularly to
Figure 1 thereof, there is shown a block diagram of a
locomotive control unit (LCU) 12 and an end of train (EOT)
unit 14 mechanically linked together by a train (not shown)
and'communicating by radio transmission. The EOT unit 14 1is
typically mounted on the trailing coupler (not shown) of the
last car 1in the train and 1is equipped with pressure
monitoring and telemetry circuiltry. A hose 1s connected
between the train's brake pipe and the EOT unit so that the
air pressure of the brake pipe at the end of the train can be

monitored.
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The LCU 12 1includes a mlicroprocessor control circuit 16,
a nonvolatile memory 18, which stores the control program for
the microprocessor control circuit, and a series of thumb
wheel switches 22 through which an operator (e.g., the

engineer) stationed at the LCU can manually enter the code

number of the EOT unit 14, which code is unlique. In addition

to inputs from the thumb wheel switches and nonvolatile

memory, the microprocesscr control cilrcult 16 also has a

command switch input 24 and a communication test (COMTEST)

switch input 25 and orovides outputs Lo a dilisplay 26 and to

radio transceiver 28.

Figure 1 shows the typical locomotive engineer alr brake

control at 32, and the normal air brake pipe 46 which extends

p—

the length of the train. Existing LCU3 are connected to the

locomotive's axle drive via an axle drive sensor 30 which
provides typically twenty opulses per wheel revolution.

The EOT unit 14 includes a microprocessor control

circuit 34, and a nonvolatile memcry 36 1n which the control

program for the microprocessor control circuit and a unique

identifier code of the particular EOT unit 14 are stored.
The microprocessor ccntrol circuit 34 also has 1inputs from a
motion detector 37, a manually activated arming and test

switch 38, and a brake pressure responsive transducer 42.
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The microprocessor controi circuit 34 generates an output to

a brake valve 40 couplied to the brake pipe 46. The EOT unit

14 communicates with radio transceiver 28 of the LCU 12 by

way of a radio transceiver 44 and assoclated antennae.

In addition, a- the front of the train (e.g., the
locomotive) there 1s typically an event data recorder 45
connected to the brake pipe 46 at tnhe locomotive. The output

of data recorder 45 1s shown coupled to a System Interface

Unit (STU) 48 1in Tigure 1 which Unit 1nterfaces Dbrake
pressure vaiues 1in plpe 46 with mlcroprocessor control
circuit 16 so that changes i1n pressure at the locomotive end
of the brake pipe are coupled directly to the microprocessor
control circuit 160. The System Interface Unit 48 1s also
connected to a brax<e equalizer reservolr 49, The S1IU
provides electrical signal outputs proportional to sensed
brake pipe pressure and equalizer reservolr pressure values

directly to the microprocessor control circuit 16. Among

other functions, the SIU 48 senses and communicates to LCU 12

the arrival of an emergency brake application. LCU 12 and

STU 48 function as a unlit.

COMPUTER CONTROL FUNCTIONS

The microprocessor control circuit 16 of the LCU/SIU unit

functions may be summarized as folliows:

O
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Monitor brake operating pressures and a fully
charged brake pipe gradient,

Generate reservoir service and emergency brake

application commands,

Determine brake pipe pressure stability 1in brake

application,

Monitor pressure gradient in brake application, and

Perform false gradient analysis (a false gradient

exists when air pressure in a brake pipe is changing;
the change begins at the locomotive end of the train
and proceeds to the EOQOT, the pressure being
initially greater at the locomotive end than that at

the remote end of the train.

The EOT microprocessor control circuit 34 functions may

be similarly summarized as follows:

Monitor operating pressure values,

Calculate brake pipe target (BP tar) pressure value
and control the brake pipe exhaust valve according

to the brake pipe target pressure,
Perform adaptive error adjustment,
Monitor gradient in application,
Perform stability volume leakage detection, and
Verify EOT operation

11

renrum Y
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Describing these functions in more detail, reference 1is
now made to Figure 2 of the drawings which shows a state
diagram of system functions. The first state 1is the Setup
procedure 51 the purpose of which 1s to allow the system to
store approximately one minute's worth of data representing
both brake pipe 46 and equalizing reservolr 49 pressures.
This 1is needed to determine the rate of change of these
pressures to determine stability. During this state, the
system can respond to an emergency, however, because the time
frame is only about 0.6 seconds to recognize an emergency.

The logic of the Setup state 51 is shown 1in the flow
diagram of Figure 3, to which reference 1s now made. A

measurement is first made in function block 61 of the. rate

and magnitude of change of the pressure in brake pipe 46 by
the control software in memory 18 of microprocessor 16. A
test 1is made 1in decision block 62 to determine 1f the
measured rate of change of brake pipe pressure 1s dgreater
than say 14 pounds per square inch (psi) 1n 0.6 seconds. If
so, the process of the microprocessor exits to an Emergency

state 55 in Figure 2. Otherwise, a test is made in decision

block 63 to determine if approximately sixty seconds of brake
pipe and equalization reservoir (EgRes) data have been stored
in the microprocessor. If not, the process returns back to

function block 61 to continue the measurement of data. When

12
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sixty seconds of brake pipe and equalization reservoilr
pressure data have been stored a Setup flag 1s set to
"complete”" in function block 64 by microprocessor 16, and the
process exits to the Stability state 52 1n Figure Z2.

The Stability state 52 monitors the stability of
pressure signals. Pressure stability 1s established for
brake pipe 46 if the following conditions are met: (1) the
locomotive brake pipe signal (BP loco) 1s stable when brake
pipe pressure changes less than about 0.3 pounds per sdquare
inch per minute (psi/min), (2) an equalizing reservolr signal
(Eq Res) is stable when the pressure in equalizing reservolr
49 changes less than say 0.3 psi/min, and (3) the EOT brake
pipe signal (BP eot) 1is stable when the EOT brake pipe 46
pressure changes less than say 0.3 psi/three minutes.

Operating pressures are determined 1in the Stability
state 52. The flow diagram for this state is shown in Figure
4. The process begins by SIU 48 measuring the rate of change
of pressure at equalizing reservolr 49(EgRes), Dbrake pipe
pressure at the locomotive end of the train, and brake pipe
pressure at the EOT (via transducer 42 and microprocessor 34)
in function block 71. A test i1s made in decilision block 72 to
determine if the measured rate of change of brake pipe
pressure 1is greater than say 14 psi in 0.6 seconds. If so,

the process exits to the Emergency state 55 1in Figure 2.

13
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Otherwlse, the equalizing reservoir 49 1is checked for

pressure stability 1n decision block 73. Lt the change 1in
reservolr pressure over one minute nas been less than 0.3
ps1, 1t 1s consldered stabkle.

The same criterion i1is used 1in decision block 73 on brake

plpe 40. Brake pilpe pressure at the end of the train is also
checked 1n decision block 73 using the pressure values
measured at transducer 42 1n unit 14.

The pipe pressure at the end of the train i1s transmitted

to the microprocessor L6 1in  locomotive unit 12 from

microprocessor 34 1n unit 14 by transcelver's 44 and 28.

It one or more of the measured pressures 1is not stable

fﬁ

according to the above criteria, the process of the program

pre—

of microprocessor lo exlts directly to the Release state 53

1in Figure 2. If all three pressures are stable, a check is

made 1n decision block 74 to determine 1f a Release flag 1is
set by microprocessor 16. If not, the process exits directly

to the Release state 53 1n Figure 2; otherwise an Update

Operating Pressures command 1s transmlitted to the EOT unit 14

as 1ndicated 1n function block 75, and the reset flag 1is

cleared by the program of microprocessor 1le. The system then

2

goes toc the Release state 53 1n Figure

The flow diagram of the Release state 1s shown 1n Figure

0. In this state, the process peglns by agaln measuring

14
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pressure rate of change and pressure magnitude in equallzing
reservoir 49 (Eq Res) and brake pipe 46 as seen 1n function
block 81. Again, a test is made in decision block 82 to
determine if the measured rate of change of brake pipe
pressure is greater than say 14 psi in 0.6 seconds. If so,
the process exits to the Emergency state 55 1in Figure 2.
Otherwise, the equalizing reservoir pressure 1s checked 1in
decision block 83 to determine 1f there 1s a pressure
decrease greater than say two psi 1n five seconds. If not,
the process goes back to the Stability state 52 1in Figure 2.
If so, the process goes to the application state 54 in Figure
2, which is the state when brakes are 1n service.

Declaring that the system 1is stable at 52 1s not the

sole criterion for going to the Release state 533. If the
system does not see an emergency (decision block 72), 1t goes
to the Release state. The system makes transitions between

the Stability and Release states until either of two

conditions occur. Either an emergency 1s detected or a
service application 1s detected. If brake application 1is
seen with a decrease in pressure of about two psi 1n five
seconds in the equalization reservoir (decision block 83 in
Figure 5), the system makes a transition to the Application

state 54. In the event that an application 1s seen, the

system first makes a transition to the Application state 54.

15
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It then continuous.y monitors for a release condition
(increase of say three psi 1n ten seconds in equalization
reservolr pressure). It also determines the depth (magnitude

of the decrease) of the reduction i1n order to generate brake

commands for transmission to the End ot Train Unit 14 (Figure
1).

The equalizing reservolr pressure signal (Eq Res) 1is
monitored at Release state 53 for application or release
cycles. Whenever the brakes make & transition from the

Application to Release states, the LCU 12 will transmit a

release command to the EOT unit 14. If *the EOT unit 1s

venting the brake pipe at the time the "Brakes Release”
command 1s received, 1t wlli cease venting of the brake pipe.

The LCU 12/SIU0 48 combinaticn 1n Figure 1 establishes
operating pressures by monlitoring application and release

cycles of the Dbrakes. The equallzing reservolr pressure

signal (Eqg Res) decreasing by say two psl within five seconds
indicates that the brakes are applied, causing the system to

go to Application state 54. The Eg Res silgnal 1ncreasing Dby

approximately three psi within ten seconds 1ndicates Dbrakes
are released, causing the system to go back to Release state
3. When the brakes are released, the system goes back to
Stability state 52 where a determination 1s made of brake
pipe stability 1in relszase.

16
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When the brakes are released and BP_loco, Eq Res and
BP eot signals are stable in release, fully charged pressures
(BP op, Eq Res op, BP eot fc) are updated upon any of the
pressures increasing by at least 0.5 psi or decreasing by at
least 1 psi from its previous fully charged value. When the
pressures are updated, the "Update Op Pres" command 1lncludes
the values of BP op and Eqgq Res op. Upon receipt of the
"Update Op Pres" command from the LCU 12, the EOT unit 14
accepts the wvalues BP op and Egq Res op and generates
BP eot fc 1lcl, which is the current brake pipe pressure at
the EOT unit.

When the brakes are released, the system goes to the

Application (service) state 54 after certain criteria are

met. This state is shown in expanded form in Figure 6 of the
drawings to which reference is now made. A Qualify Minimum
Application state 91 is entered from Release state 53. When
the system powers on, it cannot determine whether or not the
brakes are applied or released. The system assumes the brakes
to be released for purposes of establishing operating
pressures. A "Min Appl" command for microprocessor 16 will
cause the EOT unit 14 to make a reduction relative to the EOT
brake pipe 46 pressure such that the system of the invention
must now verify that the brakes are in fact 1n release before

performing a minimum brake application (Min Appl). Thus, the

17
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LCU 12/SIU 48 generate minimum application and service brake
commands only after the operating pressures have Dbeen
established at the LCU/SIU and the EOT unit 14. Simultaneous
minimum application and service brake commands can be 1issued
only after the operating pressures have been established at
the LCU/SIU and the EOT unit 14. A minimum application by
the EQOT unit will only be performed when brake pipe 46 1s
fully charged. The EOT unit 14 will not make a .minimum
application if the pneumatic reductlon on pilipe 46 has reached
the EOT unit before the electronic brake command arrives via
transceiver 44,

The logic of the Qualify Minimum Application state 91 1is
shown in the flow diagram of Figure 7, to which reference 1is
now made. A measurement is made of the rate and magnitude of
change in equalization reservoir 49 (EqRes) and brake pipe 46
pressures in function block 101. A test is made 1n decision
block 102 to determine 1f the measured rate of change of
brake pipe pressure is greater than approximately 14 pounds
per square inch (psi) 1in say 0.6 seconds. If so, the process
exits to the Emergency state 55 in Figure 2. Otherwilise, the
pressure in equalizing reservoir 49 1s checked 1in decision
block 103 to determine if the pressure has 1ncreased more
than say three psi in ten seconds. If so, the release flag

is set in function block 104, and the system goes to the

18
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Release state 53 in Figure 2. If not, a further test 1s made
in decision block 105 to determine if the Eq Res signal has
decreased by at least two psi below the value of Eg-Res-0Op
when the brakes are released. If not, the process loops back
to function block 101 to continue the measurement of pressure
change. If so, a check is made 1in decision block 106 to
determine if the reset flag 1s set. If 1t 1s, the process
loops back to function block 101; otherwise, a check 1s made
in decision block 107 to determine if the minimum flag 1is
set. If it is not set, the command "Min Application Brk" 1is
transmitted to the EOT unit 14 by the LCU 12 in function
block 108. If it is set, the process goes to "Qualilty
service application”" 92 (Figure 6). If the "Min Application
Brk" command (at 108) is sent from the LCU to the EOT unit
14, the EOT unit decreases brake pipe pressure according to a
valve control algorithm located in memory 36. After the "Min
Application Brk" command is sent or if the minimum flag 1s
set, the Qualify Service Applications state 92 (Figure 6) 1s
entered, as seen Figure 7.

The flow diagram of the Qualify Service Applications
state is shown 1in Figure 8. The process measures the rate
and magnitude of change of the equalization reservoir 49 and

brake pipe 46 pressures 1in function block 111. A test 1is

made in decision block 112 to determine 1f the measured rate
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of change of brake ©pilpe pressure 1s greater than
approximately 14 psi 1n 0.6 seconds. If so, the process
exits to the Emergency state 55 in Figure 2. Otherwilse, the
equalizing reservoir pressure 1is checked in decision block
113. If an increase in pressure 1is greater than say 3 psi 1in
ten seconds, the release flag is set in function block 114,
and the system reverts to the Release state 53 in Figure 2.
Otherwise, the equalizing reservoir pressure 1s checked 1in
decision block 115 to determine if there has been a decrease
in pressure of at least 7 psi from the operating pressure.
If so, brake commands are sent to the EOT 14 in function
block 116, and the system goes to the Stability in
Application state 93 1n Figure 6. Otherwilise, the proceés
loops back to function block 111 to continue measuring rate
and magnitude of pressure changes in equalization reservoilr
49 and brake pipe 46.

The stability in application procedure 93 in Figure 6 1is
entered upon the signal Eq Res decreasing at least say 7 psi
below the value of Eq Res op when the brakes are applied. 1In
response, the LCU 12 /SIU 48 generate a "Service Brk"
command. This command includes the current pressure 1n
equalization reservolir 49. The "Service Brk" command 1s

transmitted every two seconds while the Eqg Res signal 1is
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decreasing until it stabilizes. The procedure is shown 1n
Figure 9, to which reference is now made.

The rate and magnitude of. change 1in equalization
reservoir 49 and brake pipe 46 pressures are measured 1n
function block 121. A test is made in decision block 122 to
determine if the measured rate of change of brake pipe
pressure is greater than approximately 14 psi in 0.6 seconds.
If so, the process exits to the Emergency state 55 1in Figure
2. Otherwise, equalizing reservoir pressure 1is checked 1n
decision block 125. The Eq Res signal is‘declared stable 1in
application in function block 126 when it decreases less than
say 0.3 psi in fifteen seconds and there 1is an increase 1in
pressure of no more than say 0.3 psi in fifteen seconds. At
this point, the system goes to the Qualify Deeper Service

Application state 94 in Figure 6.

The Qualify Deeper Service Application state 1is
ijllustrated in the flow diagram of Figure 10. The rate and
magnitude of change in the equalization reservoir and brake
pipe pressures are measured in function block 131. A test 1is
made in decision block 132 to determine 1f the measured rate
of change of Dbrake ©plpe pressure 1s greater than
approximately 14 psi in 0.6 seconds. If so, the process

exits to the Emergency state 55 in Figure 2. Otherwise, the

equalizing reservoir pressure 1s checked 1n decision block

21

[Tl WP e




CA 02248969 2002-09-13

133, If the change irn pressure 1s greater than say three psi
in ten seconds, the release flag i1s set 1n function box 134,
and the system reverts to the Release state 53 1n Filgure 2.
Otherwise, the equalizing reservoir pressure 1s checked 1in
decision block 135. If a greater than apprcoximately two psi
decrease 1n pressure in equalization reservolr 439 from the

11

"stable 1in applicaticn” value 1s detected, brake commands are
transmitted to the EOT 14 1in function block 136, and the

system reverts to the Stability in Application state 93 shown

in Figure 6; otherwise, the process loops back to function
block 131 to continue measurement of rate and magnitude of
pressure changes in equalization reservoir 49 and brake pipe

40.

Upon receiving & "Service Brk" command from the LCU 12z,

the microprocessor 34 of EOT unit 14 calculates the target
brake pipe reduction using an error value 1n the accuracy of
t ransducer 42 and the current pressure valte contained 1n the
service brake command. Microprocessor 34 then orders the
venting of brake pipe 46 to the target brake pilpe reduction.

Upon equalizing reservoir 49 indicating a change 1n the

brake state from applied to released, the "Brakes Released”

commanad is transmitted to the EQT unit 14 by milcroprocessor

16. When the "Brakes Released" command 1s received Dby the

FOT unit 14, the EOT unit ends control of the brake pipe by
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going to the "release" state of the valve control effected at

40 (Figure 1).
DELTA EQUALIZING RESERVOIR BRAKING

A delta or minimum equalizing reservoir braking function
(del Eq Res) permits EOT unit 14 to Dbecome effective for
small incremental reductions in brake pipe pressure. The EQOT
unit makes a proportional decrease 1in brake pilpe pressure
corresponding to the decrease in equalizing reservolr 49
pressure at the locomotive end as sensed by SIU 48. There
are, however, two scenarios in which the del Eq_Res braking
function must be avoided. The first is when a false gradient
exists in the train. The second is if the electronic brake
command from transceiver 28 1s delayed such that the
locomotive controlled pneumatic reduction 1influences Dbrake
pipe 46 pressure at the EOT unit 14 before the electronic
command is received via transcelver 44.

There is then the possibility of the pneumatic brake
command propagating to the EOT unit 14 before the electronic
brake command is received by unit 14. When the EOT unit 14
is making a reduction relative to its own brake pilpe pressure
(minimum application or delta equalizing reservoir braking),
as sensed by transducer 42, it must use 1its Dbrake pipe
pressure at the time the electronic command was generated at

the LCU 12. Therefore, the LCU 12 and the EOT unit 14 must
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be time synchronized. To accomplish this, electronic brake

commands are time stamped or tagged. Accurate 1low drift

timers in the SIU 48 and in the microprocessor 34 of EOT unit
14 can be used to provide time stamp commands.

The SIU 48 synchronizes the EOT unit 14 via the LCU 12
upon updating operating pressures, and it resynchronizes the .
EOT unit if the time stamps differ substantially. The SIU 1is
responsible for maintaining synchronization. The command to
"synchronize" 1is, however, transmitted by the LCU 12 from
transceiver 28 to transceiver 44 at the EOT unit 14. The
"Sync" command includes the SIU time stamp which can be 0 to
60 seconds. Upon receipt of the "Sync" command, the EOT unit
14 synchronizes itself to the SIU supplied time stamp.

A simultaneous minimum brake application provided by EOT
unit 14 1is only performed when brake pipe 46 1is fully
charged. The EOT unit 14 responds to the "Min Appl Brk"
command from LCU 12 by making a relative reduction 1n brake
pipe pressure. The EOT unit 14 is programmed to refuse a
minimum brake application command if pneumatic reduction has
reached the EOT unit 14 wvia brake pipe 46 before the
electronic brake command from transceiliver 28.

An Eq Res signal indicates a change in the brake state

from released to applied. Upon the occurrence of this change
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the value of the false gradient that occurs at the initiation
of this application is saved.

Upon Eq Res indicating a change in the brake state from
applied to released, a brake application number is generated
and incremented in memory 18 of microprocessor 16, a sub-
application number is generated and reset in memory 18, and a
Eq Res blw FG flag is cleared in microprocessor 16. The "Min
Application Brk" command is generated and transmitted to EOT

unit 14 if all of the following conditions are true:

° Brakes are applied,
. FG init appl<2 psi and BP_eot is stable,
° "Min Application Brk" command has not yet been

generated for this application, and

° (Eq Res_op-7)<Eq_Res_t0(Eg_res_op-2)

The "Min Application Brk" command contains the time the

command was generated and the brake application number

provided by memory 18.

Upon reception of the "Min Application Brk" command,
microprocessor 34 of EOT unit 14 determines if a "Min
Application Brk" command has already been received. If so,
EOT unit 14 will not perform the minimum brake application

command. Otherwise, EOT unit 14 looks up the value of BP_eot

at the time "Min Application Brk" command was generated. If
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the current BP eot value 1is greater than or equal to
approximately four psi below the BP-eot value at the time the
"Min Application Brk" command was generated, then the EOT
will not make the minimum brake application; otherwise the
EOT application is ©performed according to the above
calculated target brake pipe reduction using a transducer 42
error value and the current pressure value in the min appl.
brk. command.
SERVICE BRAKE COMMANDS

The LCU 12/ SIU 48 indicates a service brake reduction
to the EOT unit 14 by transmitting either the gauge pressure
of equalization reservoir 49 or a change in equalization
reservoir pressure. The equalization reservolr gage pressure
provides an unambiguous indication of where the pressure of
brake pipe 46 at the EOT is going to end up, but it 1s not
suitable for small incremental reductions. A change 1n
equalization reservoir pressure 1is efficlient for small
incremental reductions but requires that there be no false
gradient.

Service brake commands utilizing pressure values 1n
eqhalizing reservoir 49 are used until equalization reservoir
pressure reduction has stabilized at a level greater than or

equal to that of a false gradient. After this point, changing
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(delta) equalizing reservoir pressure values are transmitted
to the EOT unit 14 from LCU 12.

The "Service Brk/del Eq Res" command is transmitted to
the EOT unit 14 if the Eq Res blw FG flag 1is set in

microprocessor 16 and when the following conditions are true:

° Brakes are applied,
. Eq Res is not stable in application,
o An approximately two second time interval has

expired, and

o Eq REs _cur < (Eg_Res_op-7/).

The value of del Eq Res is (Eq_Res_stbl pres-Eq Res_cur). II
the Eq Res blw FG flag 1is not set and the above four
conditions are true, then the "Service Brk/Eq_Res_cur”
command is sent to the EOT unit 14 from LCU 12 via
transceivers 28 and 44.

The EOT unit 14 upon receipt of the "Service
Brk/Eq Res cur" command from the LCU 12 calculates the target
brake pipe reduction using a maximum error value 1in the
accuracy of transducer 42 and the pressure value contained in
the service brake command, and vents the brake pipe to the
BP tar using brake valve 40.

Upon receipt of the "Service Brk/del Egq Res" command

with a new sub-application number, microprocessor 34 of EOT

2°7
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unit 14 looks up values of BP eot, BP tar and whether or not

vy .

the EOT unit was 1n control of brake pipe 46 when this brake

command was generated. If the BEOT unit was controlling the

brake pipe at the time the command was generated by the

microprocessor the variable BP eot sel 1s set equal to the

BP tar at the time the command was generated. If the EOT

unit was not controliing the brake pipe when the command was

generated, the variable BP eot sel 1s set equal to BP eot by

microprocesscr 34 at the time the command was generated Dby
microprocessor 16.
Upon updating BP eot sel, microprocessor 34 calculates

BP tar using again transducer 42 error and the pressure value

in the service Dbrake command, and controls brake pipe

pressure accordingly.

MONITORING GRADIENT

In the event a brake application 1s held 1n place for a

period of time, such as descending a long grade, the system
monitors the EOT brake pipe pressure for an 1ncrease 1n the
fully charged pressure due to decreased leakage. While the
brakes are applied, the Eg Res, BP loco and BP eot signals
are monitored. If all tnhree of the pressures change less

than say 0.3 psi over a ten second perliod, the current

pressures are saved in memories 18 and 36 as the stable

pressures for gradient monitoring (Eq Res grad mon,
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BP grad mon, and BP eot grad mon, respectively) and the "Get

stable pressure for gradient monitor" command 1s transmitted

e
pa— Y

FEOT unit 14. The wvalue

to the

BP eot fc 1s saved as
BP eot fc rel 1in memory 18 of microprocessor 1le6. The LCU
12/8SIU 48 then enables monitoring of the gradient during
brake applilcation.

While the grad_ent 1in application 1s monitored, the
signals BP loco and Eq Res are monitored by microprocessor 16
to ensure they are within about +t0.3 psi of their stable

pressures for gradient monitoring. [t they are stable, the

current EOT brake pipe pressure (BP eot) 1s compared to the
BP eot stable pressure for gradient monitoring by the
microprocessors. If this difference 1s greater than or equal

-

to say one psi, the "Adjust BP eot fc for decreasing

gradient”" command 1s transmitted from LCU 12 to EOT unit 14,

r./‘\
ot

and the local value of EP eot fc 1s adjusted and repeated

using the difference between BP eot cur and BP _eot stable

'-q

pressure in application if increasing by at least one psi.

If the gradient in application 1s belng monitored and
either BP loco or Eg Res is not within say *0.3 psi of their

stable pressures for gradient monitoring, the gradient

monitoring is disabled by microprocessor 16.

NS
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Upon receipt of the "Get stable pressure for gradient
monitor" command, the microprocessor 34 of the EOT unit 14
saves the current value of BP eot as BP_eot_grad mon. In

addition, BP eot fc is saved as BP_eot_fc_rel. Upon receipt
of the "Adjust BP eot fc for decreasing gradient” command,
microprocessor 34 of the EOT unit 14 recalculates BP_eot_fc
using the relationship of BP eot cur and BP_eot stable
pressure.
EMERGENCY BRAKING

Returning to Figure 2, the emergency brake command 1s
transmitted with or without operating pressure information
being established. Upon brake pipe pressure at the
locomotive end decreasing say at least 14 psi within 0.6
seconds, the LCU 12/ SIU 48 transmit an "Emergency Brk"
command to the EOT unit 14, and the emergency procedure 295
(Figure 2) is entered. Once the "Emergency Brk" command 1s
generated for a particular application, generation of the
"Service Brk" commands are disabled by microprocessor 16
until a release is detected by the signal Eq Res increasing
approximately three psi within ten seconds. Upon receipt of
the "Emergency Brk" command, microprocessor 34 of the EOT
unit 14 vents the brake pipe locally.

The Emergency state logic of the invention 1s shown 1in

Figure 11. Upon entering the Emergency state, the system
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sets an emergency flag in functior block 141. I'ne rate of
change 1n pressure of the eqgualization reservolir 49 1is

measured in function block 1472. [T the rate of change

Raaasad

measured at decision block 143 1s not less than three psi in

approximately ten seconds, the process returns to 142 for

another measurement. It 1t 18 less than three psi 1in ten

seconds, the program moves to declsion block 144 to determine

1f the setup process 51 1in Figure 2 1is complete. If not, the
process exlts to Setup process 51. It so, the process exits
to the Release state 53 1n Figure 2.

EOT UNIT PNEUMATIC SELF-T

L

ST

Figure 12 1s a flow diagram of the locic of the scftware

in memory 36 for a EOT unit pneumatic self-test using
microprocessor 34. The process of the test 1s 1initiated by
depressing a test buatton on the microprocessor, typically

g
e

EOT 14 1s first installed on a coupler mount (of a car

p— |

when

coupler), or performing a self-test initiated by the SIU 48

at other times. Upon initiation of a self-test, the value of

g

the EOT self test brake pipe pressure (BPursarsr) 18 set equal

to the service brake pressure (BPrasx) as seen 1n function

e

block 151. The release service valve o¢f the brake system 1is

closed and a self-test timer 1s 1nitialized for about 30

seconds. The i1nitialization phase Dbrings the 1logic of the

software in memory 36 to state 0.
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Next, a test 1is made at decision block 152 to determine

ﬁ
—

1f the value BPiw.sw 13 less than BPer s sr reduced by say three

eighths. If so, the result of the self-test 1s FAIL which 1s

output at block 153. If not, a further test 1s made 1in
decision block 152. When the self-test timer has timed out,
the software of memory 36 1s at a state 1.

The next step 1is to open the release service valve for

say ten seconds, as indicated 1in functlon block 155. Then,

as seen 1in function block 156, BPecarasr 1S 3€T equal ToO BPeor.sv

. the release service valve is closed, and the supply/exhaust

service valve of the brake system 1s opened. The self-test
timer 1is initialized to say ten seconds, to bring the
software of memory 3¢ to state ..

A test is then made 1n decision block 157 to determine

I

if the self-test timer has timed out. ITf so, the result of

the self-test is FAIL which is output to block 153. If not,

i 0

a further test is made in decision block 158 to determine 1i:

BPror.svk 1S less than BPeo-.or i reduced by say three eighths. It

not, a return 1s made to decision bklock 1o7. If so, the
software of 36 is brought to a state 3.
The result of the software of 36 reaching state 3 1s

that the self-test result 1s PASS 1in block 159, The results

of the self-test, whether FAIL in block 153 or PASS in block

159 are displayed on monitor 26 in tnhe locomctive and then,

37
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in function block 160 the release service valve is opened and

the supply/exhaust service valve is closed. This ends the

self-test.

While the invention has been described in terms of a
single preferred embodiment, those skilled in the art will
recognize that the invention <can Dbe practiced with

modification within the spirit and scope of the appended

claims.
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WE CLAIM:

1. A locomotive and end of train telemetry apparatus
wherein a Locomotive Control Unit 1includes means for
transmitting signals to an End of Train Unit, and the End of
Train Unit has means for transmitting signals to the
Locomotive Control Unait, each under the control of a
microprocessor located respectively 1n sald Units, the
microprocessor in said Locomotive Control Unit belng provided
with memory that stores brake pipe and equalizing reservolr
pressure values occurring over a predetermined period of time

as received from an equalization pressure reservolr and from

a brake pipe extending continuously from the locomotive

through a railway train of cars to a remote car of the train,

the apparatus comprising:

a System Interface Unit interfacing the microprocessor
of the Locomotive Control Unit with the brake pipe and the
equalizing reservoir for providing the miCroprocessor in the
Locomotive Control Unit with said brake pipe and equalilzing
pressure values,

a pressure transducer interfacing the brake pipe with
the microprocessor in the End of Train Unit for providing

said microprocessor with brake plpe pressure values, and

fr—

QY transmitting signals between the

the means

locomotive and End of Train Units inciudes respective radic

34

I l“"ll'h““"1"~'i’:m‘w‘i'1““MIW“‘IW‘NH?"““'iihIilﬂl}mil\‘iﬂwlﬁﬂi-lll 1T N PR PR R SR A LI L ET RN E T EEH U L T B e L S LR L L LPEL SELLLTRE LY PRCIEE PR CER | PP I TP D TTE FR EITET SV ARt [ TR SR It = REFREE (TN CE TR SR AL



CA 02248969 2002-09-13

transceivers electrically connected to the milicroprocessors

located 1n the Locomctive and End of Train Units.

f-"

2 . The apparatus of claim 1 wherein the memory of the

microprocessor 1in the locomotive Control Unit 1ncludes
software that determines brake plpe pressure stability based

upon changes 1in brake pilpe pressure and equalizing reservolr

pressure, as received by sald mlcroprocessor, occurring

within a predetermined time span.

3. The apparatus of c¢laim 1 wherein the End of Train

Unit includes a valve pneumatically connected to the brake

pipe at the location of said End of Train Unit and

electrically connected to the microprocessor of said End of
Train Unit, said valve being effective to control the exhaust

of brake pipe pressure at either a service or emergency rate

as may be remotely commanded.

4 . The apparatus of c¢laim 1 wherein the OSystem
Interface Unit provided in the locomotive contains an
algorithm that synchronizes mlCroprocessor operations 1n the

Tocomotive Control and End of Train Units by forwarding tilme

stamps to both of said microprocessors.

\\\\\
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b

5. The apparatus of claim 1 whereiln the
microprocessors have a setup program that orders an emergency
state 1if brake pipe pressure decreases at a predetermined

rate.

0. A computer 1mplemented method for radio-based

Flectro-Pneumatic (EF) control of railroad train brakes, said
method being implemented on microprocessor control circuilts
of a Locomotive Control Unit (LCU) and an End of Train (EOT)

Unit in an end of train system, the method comprising the

steps O:

on the occurrence of powering the end of train system,
storing brake pipe and eguallzing reservolr pressure data for
a predetermined time period, said data later being used to
determine a rate of change of brake operating pressures;

measuring rates of change of operating pressures to
determine when equalizing reservoir pressure, brake pilpe
pressure and brake pipe pressure at an end of the train are
stable;

when the equalizing reservoir pressure, the brake pipe

groe-

pressure and the brake pilpe pressure at the end of the train

are stable, commanding the End o¢f Train Unit to update
operating pressures stored 1n said microprocessor control

circuit thereof;
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rﬁ

detecting a predetermined amount and rate of decrease 1in

brake pipe pressure indicating application of brakes; and

transmitting brake commands from the Locomotive Control

Unit to the End of Train Unit 1n response to detecting said

predetermined decrease 1n brake pilpe pressure.

7. The method of claim & 1lnciuding:
monitoring brake pipe pressure to detect an emergency
condition; and

immediately entering an emergency  procedure upon

detection of the emergency condition even 1f brake operating

pressures have not been established.

8 . The method of ¢claim /7 wherein The method 1S

implemented as a state machine on the mlcroprocessor control

circuits of the Locomotive Control and the End of Train
Units, the state machine entering a Setup state on the
occurrence of power on to establish brake operating pressures
and a Release state when operating pressures are established
and stable, further comprising the steps of:

detecting when the emergency condition ceases to exilst;
and

exiting from the emergency procedure tTo the Setup state

or to the Release state if the Setup state is completed.

ely

A ;
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9. A method of i1mplementing a setup state on a

microprocessor located 1n a Locomotive Control Unit and in an

End of Train Unit in an end of traln system having a brake

pipe extending between a locomotive and the last car of a

grivin.

train of cars connected t¢ the locomotive, comprising:

commencling a setup state on the occurrence of powering
the end of train sysZem to establiish kbrake pipe pressure and

a brake release state when brake pipe pressure 1s established

and stable by determ_ning the magnitude and a rate of change
in brake plpe pressure,
detecting an emergency conditicn 1f the magnitude 1n

brake pipe pressure decreases at a predetermined rate, and

completing the setup state 1f Dbrake pilpe pressure
increases to a predetermined magnitude after a predetermined

period of time.

10. The method of claim 9 further including:
determining pressure magnitude in an equalization
reservoir connected to the brake pipe after a predetermined

period of time has elapsed to complete the setup state.

11. A method of determining a state of stability in

brake pipe pressure values in a train of cars connected to a

locomotive, the locomotive and cars having a brake plpe

386
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extending from the locometive to and through the cars to a
car remote from the locomotive, comprising:

determining a change in pressure values 1n a brake pipe

at the locomotive and at a car of the train remote from the
locomotive, as well as a change 1in the pressure value of an
equalization reservoir connected to the brake pipe,

determining 1f the brake pipe and equalization reservolr
pressure values are at or below a predetermined rate of
change, in which case a state of stability exists for
releasing the brakes of the train, and

updating said pressure values using software assoclated
with a microprocessor respectively located 1n the locomotive
and in the car remote from the locomotive, and respectively
connected to the brake pipe at the locomotive and 1n the car

remote from the locomotive for receiving pressure values

existing in said brake pip=.

12. A method of providing a state of release for the
hrakes of a train of <cars connected tc a locomotive,
comprising:

determining a rate of change in the magnitude of

pressure in a brake pilpe extending from the locomotive to and

through said cars,

(i
O
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providing a state of pressure stability 1f said rate of
change 1s less than a predetermined value,

using said pressure stability to release the brakes of
salid train, and to thereinafter apply sald brakes when

needed.

13. A method o¢f operating the brakes of a train of

railroad cars for a minimum brake application, said train
having a brake pipe and an equalizing pressure reservolr, the

method comprising:

determining pressure and a rate of pressure change 1n
the brake pipe and egualizing pressure reservolr,

determining prassure in the equalilzing pressure
reservoir if the rate of change in brake plpe pressure 1S
less than a predetermined amount over a predetermined period

of time, forwarding a minimum brake application command to a

car located at an end of the train remote from a lead

-

locomotive connected to the train of cars 1f the pressure 1n

the equalizing pressure reserveir has increased more than a
predetermined amount in a predetermined period of time, and
decreasing brake pipe pressure at the remote end of the

train upon receipt of the command in the remote car.
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14. A method of implementing a service application of

the brakes of a trair of railroad cars comprising:

pr—

measuring a rate of change 1n equallzation reservolr

F

pressure and brake pipe pressure, and

sending service brake commands to an End of Train Unit

F ol

of railroad cars 1f there has been a predetermined decrease

in equalizing reservcir pressure in a predetermined period of

time.

b

15. The method of claim 14 further 1ncluding:
monitoring an equalizing reservolr pressure signal

provided upon the occurrence of a »nrake release state toO

determine if the brakes of the train are released or applied.

16. The method of claim 14 further 1ncluding:

A

declaring the equalizing reservoir pressure stable 1f
the equalizing reservoir pressure decreases less than a
predetermined amount within a predetermlined period of time
and either does not increase 1in pressure 1in a predetermined
period of time or increases in pressure a minimal amount 1n a

predetermined period of tlme.

41
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17. The method of claim 1o 1ncluding the further step
of exiting to a Qualify Deeper Service Application state when

the equalizing reservolr pressure 1is declarec stable.

18. The method of claim 14 further 1ncluding:

calculating a target Dbrake pipe pressure reduction at

the End of Train Unit when said End cof Traln Unit recelves a
service brake command, and venting brake pipe pressure until

sald pressure reaches the calculated target pressure.

19. The method of claim 14 further including:

forwarding a brake release command to the End of Train

Unit when a change in equalizing reservolr pressure 1ndicates

a change from brake applied to brake release, and

releasing contrcl of brake pipe pressure by the End of

Train Unit when the brake release command is received by said

Fnd of Train Unit.

20. The method of claim 14 further including:
synchronizing the operation of the kEnd of Train Unit

with a Locomotive Control Unit using time logs 1ssued by a

Ssystem Interface Unit interfacing prake pipe pressure with a

microprocessor in the Locomotive Contrcocl Unit,
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forwarding said time logs to said microprocessor from the
System Interface Unit, and
transmitting salid time logs from said microprocessor to a

microprocessor located in the End of Train Unit.

21l. A method for determining pneumatic conditions at an
end of a train of railroad cars having an End of Train Unit
contalning a microprocessor and associated memory, sald
assoclated memory containing wvalidation software, the method
comprising:

lnitliating a test procedure by running said software, using
sald software to provide a test pressure value and to set the
same to a service brake pressure value,

determining 1f the value of the service brake pressure 1is
less than the test pressure value by a predetermined amount, and

indicating a FAIL condition if the service brake pressure
value 1s less than the test pressure value by the predetermined

amount.

22. The method of claim 21 further including:
starting a timer to run for a predetermined period of time,
determining whether or not said timer has timed out if service

brake pressure value 1s not less than the test pressure value by

sald predetermined amount, opening a release service valve for a
43
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predetermined period of time when the timer has timed out,
setting again the test pressure wvalue equal to the service brake
pressure value, closing sald release service valve, and opening

a supply/exhaust service valve.

23. The method of claim 22 further including:

determining again 1f the service brake pressure value is
less than salid test pressure value by a predetermined amount,
and indicating a PASS condition if the service brake pressure
value 1s not less than the test pressure value by said

predetermined amount.

24, The method of claim 21 further including:

using a System Interface Unit connecting a brake pipe and
an equalizing pressure reservolr to a Locomotive Control Unit to
order the validation procedure for the end of the train having

the End of Train Unit.

25. A method of making minimum incremental reductions in
brake pipe pressure at an End-of-train Unit 1in proportion to a
decrease 1in pressure 1n an equalizing pressure reservolr

connected to a brake pipe at the locomotive end of the train,
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p—

which pipe extends to the End-of-train Unit, the method
comprlising:

sending electronic 1nstructions from the locomotive end
of the train to the End-of-Train Unit concerning the
reduction 1n reservolr pressure before a reduction in brake
pipe pressure takes place at the locomotive end of the train
and propagates to the End-of-Train Unit from the locomotive
end, and

reducing brake pilpe pressure at the locomotive end of

the train based on the reduction in reservolir pressure.

26. The method of claim 25 1ncluding:

synchronizing the reductions in brake plpe pressure at
the locomotive end and at the End-of-Train Unit py providing
the locomotive and End-of-Train Unit with timers that time

stamp incremental breke commands generated at the locomotive

end and at the End-of-Train Unift.

27. The method of claim 25 including:

using a Service Interface Unit connecting the brake pipe
to a microprocessor in the Jlocomotive to synchronlze the
brake pipe reductions in pressure at the locomotive end and

o

at the EFnd-of-Train Unit.
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28. The method of claim 27 1ncluding:

using saild Interface Unit to update operating pressures
in the reservoir and brake pipe, and

synchronizing brake pipe reduction in pressure when said

operatling pressures are updated.

29, The method of claim 24 including:

sending a synchronized command to the End-of-Train Unit
from the Interface Unit, and
using the End-cf-Train Unit to synchronize 1tself to

sald command.

30. The method of claim 25 i1ncluding:
determining if a minimum brake applicaticon command has

na-otf-Train Unit when said

(=3

previously been received by the
Unit receives a current minimum brake applilication command,

and refusing to perform the current brake application 1f a

previous minimum brake application 1in the End-of-Train-Unit

has been received by the End-of-Train-Unit.

31. The method of claim 30 wherein the End-of-Train

Unit searches for the value of brake pipe pressure at the
time the minimum brake application command was generated 1f a

previous minimum brake application has not been recelived by

46
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"-

the End-of-Train Unit, and refuses to make the minimum brake

application of the command 1if current brake plipe pressure 1s
greater than or equal to a predetermined amount below the

brake pipe pressure at the time the command was generated.

32. The method of claim 31 wherein the end-of-train

rﬂ

unit performs the minimum brake application 1f a previous

brake application has not been recelved, and 1f current brake
pipe pressure 1is not greater than or equal to said
predetermined amount below the brake pilpe pressure when the

command was generated.
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