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ABSTRACT OF THE DISCLOSURE

A method and apparatus for determining railcar order in an ECP equipped
train involving the inherent propagation delay of a pneumatic signal propagation
in a brake air line as measured by each car and used to determine the car order

in the train.
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Invention Title:

METHOD AND APPARATUS FOR DETERMINING RAILCAR ORDER IN A TRAIN.

The following statement is a full description of this
invention, including the best method of performing it known to

me/us:




BACKGROUND OF THE INVENTION

The present invention generally relates to train control systems and more
‘particularly relates to control systems for trains which include both an intra-train
electronic communication system which may be an electric power line, or an RF
link, and a brake air line exténding along the length of the train, and even more
particularly relates to control systems utilizing both such lines.

In the past, the railroads have typically operated trains having only a
single air line extending the length of the train. This air line was used for both
providing a source of compressed air and a medium for propagating braking
signals. While this system has been used extensively in the past, it has several
drawbacks. Signaling via air pressure messages propagating through the air line
S ' has a limited propagation speed. For éxample, for a 150-car freight train, it may
take fifteen seconds or more for a braking message to reach the 150" car,
thereby delaying the full application of the rail car brakes and consequently
extending the distance required to stop the train. In recent years, the American
Association of Railroads (AAR) and individual railroads have inve.stigated using
electronic controlled pneumatic (ECP) brake systems. These systefns typically
use electronic messages on a power line extending the length of the train to
activate the brakes on each car because the electronic signal propagation
velocity is theoretically limited only by the speed of light or about 983,671,056
feet per second in a free space environment. However, in a cable, the speed of
electronic signal propagation may slow to 60 percent of the speed of light in a
vacuum, which still would be about 590,000,000 feet per second. For a typical
freight train consisting of 150 cars each approximately 60 feet long, a train length
could be approximately 9,000 feet. An electronic signal in a cable will travel the
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fength of the train in only about 15 micro seconds while a pneumatic signal is

limited to the speed of sound in air or about 1,130 feet per second. However, in
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a pipe with numerous couplings, turns, and other restrictions, the pneumatic
signal propagation may slow to between 600 and 900 feet per second. At600
feet per second, this pneumatic signal will require about 100 milliseconds to
propagate through each car or about fifteen seconds to propagate the length of
the train. The ECP brake systehx allows for nearly instantaneous activation of
the railcar brakes along the entire length of the train. These ECP systems have
been tested in the field and now are being considered for definition in an AAR
specification. Persons.skilled in the art are aware of the existing AAR efforts and
the numerous tests of ECP and ECP-like field tests which have occurred.

In the past, trains equipped with ECP brake systems have had a need for
determining the order of railcars in the train. Since each railcar inan ECP

" equipped train has a unique identity and is individually addressable over the

electronic power line, it has become desirable to know the precise railcar
ordering in the train. In the past, the railcar ordering, if it were even done at all,
was done manually by inspecting the railcar numbers on the side of the train.
With trains extending over a mile and a half in length in some situations, this can
be a significant task which requires considerable time which may delay the

departure of a train,
Consequently, there exists a need for improved methods and apparatuses

for determining railcar order in a train.
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SUMMARY OF THE INVENTION

The present invention relates to expeditious methods
for determining railcar order in a train.

According to one aspect of the present invention,
there is provided a method of determining an order of a
plurality of railcars in a train in which such railcars
are linked to a locomotive by a pressurized air line and
further are linked to said locomotive by electronic
communication, wherein the method includes the steps of:

sending an electromagnetic signal to each of gaid
plurality of railcars for initializing a recording of a
baseline pressure in said air line of each of said
railcars and generating a baseline air pressure record for
each of said railcars;

sending a predeterminedlpneumatic signal through said
air line to said plurality of rail cars;

calculating a time characteristic associated with
receipt of said predetermined pneumatic signal by said
each of said railcars by detecting a measured air line
pressure which is different by a predetermined threshold
from said baseline air pressure record for each of said
railcars;

sending a plurality of responses, one from each of
said plurality of railcars, representative of said time
characteristic to said locomotives; and
sorting said plurality of responses based upon said time
characteristic.

According to another aspect of the present invention,
there is provided an apparatus for determining an order of
railcars in a train, the apparatus comprising:

means for electronic communication between a
locomotive and a plurality of railcars, wherein said means
for electronic communication provides an instruction to
each of said railcars to take a baseline air pressure

reading;
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means for pneumatic communication between a
locomotive and a plurality of railcars, said means for
pneumatic communication sends a pneumatic signal to szaid
each of said railcars;

-means for calculating a time characteristic
associated with receipt of said predetermined pneumatic
signal by each of said railcars by detection of an air
line pressure of each of said railcars which is different
b} a predetermined threshold from said baseline air
pressure record for each of gaid railcars; and
means for providing said characteristic time to said
locomotive so that a rail order determination can be made.

According to another aspect of the present invention,
there is provided an apparatus comprising:

a head end unit disposed on a locomotive for coupling
with a pneumatic brake line and for generating a
predetermined pneumatic signal to be propagated along said
pneumatic brake line;

a plurality of railcar air brake signal sensors
coupled to said pneumatic brake line and disposed on a
plurality of railcars where each of said railcar air brake
signal sensors takes a baseline air pressure reading in
response to an initialization signal received from the
head end unit and generates an electronic signal in
response to reception of said pneumatic signal, said
electronic signal being a time characteristic associated
with receipt of said predetermined pneumatic signal by
detecting a measured air line pressure which is different
by a predetermined threshold from said bageline air
pressure reading for said each of said railcars; and
a communication link coupling said railcar air brake
signal sensors with said head end unit.

According to another aspect of the present invention,
there is provided a method of determining an order of a
plurality of railcars in a train of the type wherein such
railcars are linked to a locomotive by a pressurized air

line and further are linked to said locomotive by
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electronic communication, wherein the method includes the
steps of:

sending a predetermined pneumatic signal through said
air line to said plurality of railcars;

calculating a time characteristic associated with
receipt of said predetermined pneumatic sigmal by said
each of said railcars by detecting a measured air line
pressure which is different by a predetermined threshold
from said baseline air pressure record for said each of
said railcars:

sending a plurality of responses, one from each of
said plurality of railcars, where a sending time for each
response is representative of said time characteristic of
receipt of said predetermined pneumatic signal by said
each of said plurality of railcars; and
sorting said plurality of responses based upon said
sending time.

According to another aspect of the present invention,
there is provided a method of determining an order of a
plurality of railcars in a train of the type wherein such
railcars are linked to a locomotive by a pressurized air
line and further are linked to said locomotive by
electronic communication, wherein the method includes the
steps of:

sending a signal to each of said plurality of
railcars from said locomotive;

recording a baseline air line pressure for said each
of said railcars and generating a baseline air pressure
record for said each of said railcars;

sending a predetermined pneumatic signal through said
air line to said plurality of railcars;

measuring an air line pressure for said each of said
railcars at predetermined time intervals, said air line
pressure responsive to said predetermined pneumatic
signal;

H:\jolzik\keep\Speci\39203-99.doc 23709/03
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detecting when said air line pressure is less than
said baseline air line pressure less a predetermined air
line pressure for said each of said railcars;

calculating a time needed for said air line pressure

5 to become less than said baseline air line pressure less
said predetermined air line pressure;

sending a plurality of responses to said locomotive
for said each of said railcars, said plurality of
responses including said calculated time in said

10 calculating step; '

determining that said plurality of responses are
received at said locomotive from said each of said rail
cars; and
sorting said plurality of responses based upon said

15 calculated time.

It is a feature of the present invention to utilize
on-board computer processing and communication equipment
to determine the railcar order.

It is a feature of the present invention to eliminate

20 the need for a railroad worker to walk the length of the
train, making a list of the railcar order.

It is another feature of the present invention to
provide an inexpensive method and apparatus for
determining railcar order in a train.

25 It is another feature of the present invention to
utilize existing processing and communication hardware

onboard ECP equipped trains.

It is another feature of the present invention to

avoid the need for expensive additional hardware to make a
30 railcar order determination.

It is yet another feature of the present invention to
provide a reliable method and apparatus for determining
railcar order. ‘

It is yet another feature of the present invention to

35 utilize the reliable components already disposed on the

train for use in an ECP braking system.
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It is yet another feature of the present invention to
eliminate the error associated with human mistakes which
might occur as a railroad worker creates a railcar order
list while walking the length of the train.

The present invention is a method and apparatus for
determining railcar order in a train which is designed to
satisfy the aforementioned needs, provide the previously
stated objects, include the above-listed features and
In the

present invention, the time, expense and reliability

achieve the already articulated advantages.

problems associated with manually preparing a railcar
order list has been significantly reduced.

Accordingly, the present invention is a method and
apparatus for determining railcar order in a train which
utilizes the inherent differences in the propagation
velocity of electronic signals and pneumatic signals to

determine the railcar order in a train.
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention may' be more fully understood by reading the following
description of the preferred embodiments of the invention in conjunction with the
appended drawings wherein: -

Figure 1 is a simplified schematic diagram of a train, including a leading
locomotive followed by numerous trailing railcars where the dark solid line
represents an electrical power line extending the length of the train and the two
paralle! lines extending the length of the train are used to represent a brake air
line extending the length of the train.

Figure 2 is a simplified schematic diagram of a typical railcar of the prior
art of Figure 1.

Figure 3 is a flowchart of the steps of the method of the presént invention.

Figure 4 is a flowchart of an alternate method of the present invention.

11-




DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Now referring to the drawings, wherein like numerals refer to like matter
throughout, and more particularly to Figure 1, there is shown an ECP equipped
train, of the prior art generally designated 100, including a locomotive 102, railcar
104, railcar 106, railcar 108, railcar 110 and railcar 112. Extending the length of
the train 100 is brake air pipe 120, which is shown by two closely spaced and
separated paralle! lines extending the length of the train and having a
discontinuous section 122 disposed between railcar 108 and railcar 110 to signify
the position for insertion of numerous other railcars therebetween. Extending the
length of thé train 100 is e_lectrohic power line 130, which is shown by a solid
black line having a discontinuous section 132 disbosed between railcar 108 and
110t Signify the position for inclusion of numerous other railcars disposed

" therebetween. It should be noted that the method of the present invention could

be accomplished using another form of electronic communication, such as RF
links between the railcars and the locomotive or other means of electronic
communication. The train of Figure 1 is intended to graphically display some of
the key components of an ECP equipped train, which is known in the art. A more
detailed depiction of the components of a typical ECP system for a typical railcar
is shown in Figure 2. A Head End Unit (HEU) 140, disposed in the locomotive,
may be coupled to both line 130 and pipe 120. HEUs are well known in the art.
Now referring to Figure 2, there is shown a detailed depiction of typical

components of a prior art railcar equipped with an ECP system.

" A system generally designated 200 is shown having a brake fine 120 and
a train line 130, which is an electrical power line and may be 230 volts. The train
line may also be an electronic communication line. Coupled to brake line 120 are
air reservoir 220, brake cylinder 222, and electronic pressure
sensors/electronically controlied valves and pneumatically controlled valves 224,
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all of which are well known in the art. The precise pneumatic configuration will
be a matter of industry standard and individual designers’ choice. Coupled to
the sensors and valves 224 is a communications interface/processor 240 which
can be any type of communication interface or microprocessor. The precise
communications interface and microprocessor will be a matter of industry
standard and individual designer’s choice. The interface/processor 240 is

LA powered by a power source 250 which preferably has some battery component
thereof and which in an optional embodiment would include an axle mounted

~ generator 260 coupled thereto. The car control device (CCD) designated 210

. can be coupled to other sensors and electronic equipment located on a railcar
C (not shown) via a smart car line 270 which is an intra-car communication line.
AN Now referring to Figure 3, there is shown a flowchart of portions of the
i process of the present invention generally designated 300 having a first step 302

which involves the Head End Unit (HEW) 140 in the locomotive sending a car
order start packet at time 0. Steps 302-322 are performed by the HEU 140 while
steps 332-346 are performed by the CCD 210 on each of the railcars. This car
order start packet may be transmitted on the electrical power line 130 to each
CCD 210. The process of sending the car order start packet to all of the CCDs
210 is represented as dotted line 302A. The HEU 140 then waits one second in '
accordance with step 304. The one-second time is provided té assure that the
car order start packet is received by each car control device 210 and steps 332
and 334, described below, can be performed by the various CCDs 210 during
this one-second interval. Next, step 306 is a prompt to the engineer to make a
pneumatic reduction by a predetermined amount, which may be 10 pounds.
(Note: the pneumatic reduction may be automated in a preferred embodiment.
The amount of reduction may be changed in an alternate embodiment.) After the

pneumatic reduction, step 308 involves starting a timer for a predetermined

W,
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interval, which may be 45 seconds. Forty-five (45) seconds may be used if it is
believed to be sufficient time for all of steps 332-346 to occur on each of the
CCDs 210. Once the 45-second timer has been started, the head end unit 140
waits to receive a reduction time response packet from the various car control
devices 210. Essentially, instantaneous. with the step 302 is step 332 in.which
each car control device 210 receives the car order start packet at time.t0. As
shown in step 334, as soon as the car order start packet is received by the car
control devices 210, the car control devices 210 immediately record a starting
brake pipe pressure which is recorded by the car control devices 210. In
accordance with step 336, the car control devices 210 begin to measure the
brake pipe pressure at predetermined intervals as suggested by step 338, which
may be 025 seconds. If the brake pipe pressure at time tis less than the start
brake pipe pressure measured during step 334, less some predetermined

_amount (in this examplé, five p}qunds; however, any brake pipe pressure

difference might be used, but in some situations, it méy be preferred to use a
relatively small brake pipe difference, such as a .1 PSI or within a range from .03
PS!to 1.0 PSI), then the car control device 210 moves on to step 342. If the
brake pipe pressure at time t is greater than the start brake pipe pressure minus
the predetermined amount, then the measurement process is repeated by
returning to step 336 and then step 338. This process is repeated until the brake
pipe pressure at time t is less than the start brake pipe pressure less the
predetermined amount. Once this occurs, the car control device 210 then
calculates the precise time required for the brake pipe préssure to reach the
predetermined limit set in step 340. The precise time of reaching this
predetermined limit of step 340 is calculated using some formula which
(depending on the exact time set in step 338) may be assumed a linear
response. Once a precise time for reaching the limit of step 340 is calculated,

!
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that time figure is then provided pursuant to step 346 to the head end unit 140 in
a reduction time responsé packet. Additionally, the packet may be retransmitted
to the head end unit 140 in accordance with a request for such packet received
from the head end unit 140 in accordance with step 344. Now returning to
operation of the head end unit 140, in step 310, the head end unit 140 is shown
to receive time responses from the car control device 210. After receiving these
responses, the head end unit 140, in accordance with step 312, determines if the

timer of step 308 has expired. If the timer has not expired, then in accordance

with step 314, the head end unit 140 determines if more car control devices 210
have yet to respond. If more car control devices 210 have yet to respond, then
the process steps of 310 and 312 are repeated until either the 45-second timer
has expired or it is determined that all of the car control devices 210 have
responded. If step 314 determines that all of the car control devices 210 have
responded, then the next step is to prompt the engineer to perform a pneumatic
release, which is done for the purpose of recharging the brake line. If the 45-
second timer has expired, then step 316 requires that a determination of whether
more CCDs are required to respond or whether all of the CCDs have responded.
If all of the CCDs have responded, then step 318 prompts the engineer for a
pneumatic release. However, if the 45-second timer of step 312 has expired and
there are-still more CCDs to respond, then step 320 requires éending'a request
for time to the non-responding car control device 210 via the power line 130 The
reduest for time is shown as dotted line 320A. Once the request for time is
received, step 344 will cause step 346 to send a time packet to the head end unit
140 as shown by dotted line 346A. Step 310 then will receive this time response.
Step 312 will determine that the time has expired and will repeat the process until
step 316 determines that no more CCDs are yet to respond, at which time the

engineer is prompted for a pneumatic release and the head end unit 140

-
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performs the function of sorting the responses in ascending order based upon
the time intervals provided in the numerous packets. It should be understood
that each car in the train will perform the functions 332-346 and included in the
time response packet issued in accordance with step 346 is a unique ID for each
particular car which responds. The sorting process of step 322 based upon
ascending order of time responses will correspond to the actual car order of the
train.

Several initial conditions and assumptions are made in relation to the
above-described process for determining car order. The brake pipe pressure is
assumed to'be initially at the set point as established by the engineer. The train
line power must be on. Al of the CCDs in the train should have been identified
using the normal ECP communication protocol, and the train should be stopped.
The train's electric brakes should be applied, and the air reservoirs on each car
should be fully charged. Further assumptions include that the head end unit
(HEU) 140 must not command any changesin brake application during the car
ordering process. Similarly, the car control devices (CCD) 210 must not change
their brake application during the car ordering process. The reservoirs should be
fully charged. To prevent local (to the car) changes in brake pipe pressure which
could reduce the accuracy of the car ordering process, no change in the brake
application should occur. The reduction in pneumatic pressure of step 306
should be done at a predetermined service rate. “Service rate” refers to the rate
of change of brake pipe pressure. “Service rate” reductions do not cause
emergency vent valves on cars to activate. “Emergency rate” reductions are
undesirable for car ordering because emergency reductions cause cars to
individually vent the brake pipe, thereby reducing car ordering accuracy.

“Emergency rate” reductions also may cause some types of ECP car to apply

..10..
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brakes, further reducing accuracy. Emergency brake applications use a large
amount of air, greatly increasing recovery time.

A simplified variation of the approach of Figure 3 could eliminate the steps
of calculating at the railcar, the precise time to reach the predetermined limit set
in step 340, and transmitting only an ID signal (without any calculated time
intervals) to the HEU 140 which uses the order of its receipt of the reduction time
response packets to determine railcar order.

Now referring to Figure 4, there is shown a flowchart of portions of an
alternate method of the present invention generally designated 400 in which one
of the largest differences is that the HEU 140 polls the CCDs 210 instead of
allowing each CCD 210 to respond after it detects the signal . The method
includes a first step 302 which invoives the head end unit 140in a locomotive
sending a car order start packet at time t0. This car order start packet is
transmitted on the electrical power fine 130 to the car control device 210. The
process of sending the car order start packet to the car control device 210 is
repreéented as a dotted line 302A. The head end unit 140 then waits one _
second in accordance with step 304. The one-second time is provided to assure
that the car order start packet is received by each car contro! device 210, and
steps 332 and 334 described above and below can be performed during the one-
second interval. The next step 306 is a prompt to the engineer to effecta
pneumatic reduction by a predetermined amount, which may be ten pounds.
(Note: In a preferred embodiment, this step might be automated.) After the
pneumatic reduction, the next step is to wait 45 seconds in accordance with step
402. Forty-five (45) seconds may be used if it is believed to be sufficient time for
all steps 332-342 to occur. At the completion of the 45-second wait, step 318
indicates that the engineer is prompted to perform a pneumatic release. After the
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. pneumatic release, step 404 dictates a wait of one second after which step 406

describes sending a reduction time request packet to the car control devices.
Now referring to step 332-342, 432, and 434, at time t0, the car control
devices 210 (assuming nearly instantaneous reception of the car order start
packet) receive car order start packet in accordance with step 332. As shown in
step 334, as soon as the car order start packet is received by the car control '
device 210, the car control device 210 immediately records a starting brake pipe
pressure which is recorded by the car control device 210. In accordance with
step 336, the car control device 210 begins to measure the brake pipe pressure
at predeterrﬁined intervals as suggested by step 338, which may be .025
seconds. If the brake pipe pressure at time tis less than the start brake pipe
pressure measured during step 334, less some'predetermined amount (in this
example, five pounds), the car control device moves on to step 342. if the brake
pipe pressure at time t is greater than the start brake pipe pressure minus the
predetermined amount, then the measurement process is repeated by returning
to step 336 and then step 338. The process is repeated until the brake pipe
pressure at time t is less than the start brake pipe pressure less the
predetermined amount. Once this occurs, the car control device 210 then
calculates the time required for the brake pipe pressure to reach the
predetermined level set in step 340. The precise timing of reaching this
predetermined level limit of step 340 is calculated, preferably assuming a linear
response during the intervals as dictated by 338. Once a precise time for
reaching the limit of step 340 is calculated, the time figure is then held untila
receipt of a reduction time request from the head end unit occurs in accordance
with step 432. Upon receipt of such reduction time request, in accordance with
step 434, the car control deviée 210 sends a reduction time response packet to
the head end unit as shown by dotted line 434A. Now returning to the activity at

..12..
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the head end unit 140, in accordance with step 408, the reduction time response
is recelved and then in accordance with step 410, a determination is made if
rnore reduction time responses need to be received from other car control
devices. Ifitis determined that more CCDs 210 need to respond, then the
process is repeated through steps 404, 406 which interrogates anothar car
control device 210 which in turn in accordance with its step 434 will respond with
a reduction time response packet to the head end unit 140. This process Is
repeated until all car control devices 210 have been polled and all reduction time
responses have been received from every car control device 210 in the train.
Once step 410 determines that no more car control devices 210 need be polled,
then, in accordance with step 322, the responses are sorted in ascending crder.
Alternate embodiments may use different combinations of brake pipe pressure
reductlons and CCD detection pressures. An altemate embodiment may have
the CCDs performing the timing measurements on rising instead of falling brake
pipe pressure. An alternate embodimant ﬁlay have the CCD measure both
starting and ending brake pipe pressure and using a timing threshold at a precise
percentage between these points. Co

It is thought that the methed and apparatus of the present invention will be
understood from the foregoing description and that it will be apparent that various
changes may be made in the form, construction, steps and arréngem’ent of the
parts and steps thereof, without departing from the spilrit and scope of the .
invention or sacrificing all of their material advantages. The form herein
described being a preferred or exemplary embodiment thereof.

-3
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In the claims which follow and in the preceding
description of the invention, except where the context
requires otherwise due to express language or necessary
implication, the word “comprise” or variations such as
“comprises” or “comprising” is used in an inclusive sense,
i.e. to specify the presence of the stated features but
not to preclude the presence or addition of further

features in various embodiments of the invention.

H:\jolzik\keep\Speci\39203-99.doc 23/09/03
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THE CLATMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method of determining an order of a plurality of
railcars in a train in which such railcars are linked to a
5 locomotive by a pressurized air line and further are
linked to said locomotive by electronic coi:munication,
wherein the method includes the steps of:
sending an electromagnetic signal to each of said
plurality of railcars for initializing a recording of a

10 baseline pressure in said air line of each of said
railcars and generating a baseline air pressure record for
each of said railcars;

sending a predetermined pneumatic signal through said
air line to said plurality of rail cars;

15 calculating a time characteristic associated with
receipt of said predetermined pneumatic signal by said
each of said railcars by detecting a measured air line
pressure vhich is different by a predetermined threshold
from said baseline air pressure record for each of said

20 railcars;

) sending a plurality of responses, one from each of
said plurality of railcars, representative of said time
characteristic to said locomotives; and
* sorting said plurality of responses based upon said

25 time characteristic.

2. A method of claim 1, wherein said electronic

communication is a power line extending through the train.

30 3. A method of c¢laim 1, wherein said electronic
communication utilizes an RF communication link.

4. A method of any one of the preceding claims, wherein
said step of sending a plurality of response includes
35 responses including a calculated time relating to a

propagation delay of said pneumatic signal.

H:\jolzik\keep\Speci\35203-99.dec 23/03/03
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5. A method of any one of the preceding claims, wherein
said responses further include an identification of one of
said plurality of railcars.

6. A method of claim 5, wherein each of said plurality
of railcars responds only after being addressed by said

locomotive.

7. A method of claim 5, wherein each of said plurality
of railcars responds without receiving a request for a
response by said locomotive.

8. A method of any one of the preceding claims, wherein
said predetermined threshold is within a range of 0.03 to
1.0 PSI.

9. A method of claim 8 wherein said predetermined
threshold is substantially 0.1 PSI.

10. An apparatus for determining an order of railcars in
a train, the apparatus comprising:

means for electronic communication between a
locomotive and a plurality of railcars, wherein said means
for electronic communication provides an instruction to
each of said railcars to take a baseline air pressure
reading;

means for pneumatic communication between a
locomotive and a plurality of railcars, said means for
pneumatic communication sends a pneumatic signal to said
each of said railcars;

means for calculating a time characteristic
associated with receipt of said predetermined pneumatic
signal by each of said railcars by detection of an air
line pressure of each of said railcars which ig different
by a predetermined threshold from said baseline air

pressure record for each of said railcars; and

H:\jolzik\keep\Speci\39203-99.doc 23/05/03
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means for providing said characteristic time to said
locomotive so that a rail order determination can be made.

11. An apparatus of claim 10 wherein said means for

electronic communication comprises an RF link.

*12. An apparatus of claim 10 wherein said means for

electronic communication is a power line extending the

length of the train.

13. An apparatus of any one of claims 10 to 12, wherein
said means for pneumatic communication between a
locomotive and a plurality of railcars is a brake line.

14. 2n apparatus of any one of claims 10 to 13, further
comprising a means of utilizing a known difference between
propagation speeds of said means for electronic
communication and pneumatic communication which includes a
sensor on each railcar for sending a reception of a

pneumatic signal.

15. An apparatus of any one of claims 10 to 14, further
including a timer for detecting a time characteristic
corresponding to reception of a predetermined pneumatic

signal.

16. An apparatus of claim 15 wherein said means for
utilizing a known difference includes a processor for
ordering responses from various railcars based upon said
time characteristic;

where said means for utilizing uses information based
upon order of receipt of messages from various railcars to

determine railcar ordering in said train.

17. An apparatus comprising:
a head end unit disposed on a locomotive for coupling

with a pneumatic brake line and for generating a
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predetermined pneumatic signal to be propagated along gaid

- pneumatic brake line;

a plurality of railcar air brake signal sensors
coupled to said pneumatic brake line and disposed on a
plurality of railcars where each of said railcar air brake
signal sensors takes a baseline air pressﬁra reading in
response to an initialization signal received from the
head end unit and generates an electronic signal in
response to reception of said pneumatic signal, said
electronic signal being a time characteristic associated
with receipt of said predetermined pneumatic signal by
detecting a measured air line pressure which is different
by a predetermined threshold from said baseline air
pressure reading for said each of gaid railcars; and

a communication link coupling said railcar air brake

signal sensors with said head end unit.

18. An apparatus of claim 17 wherein said electronic
signal includes a time characteristic related to a delay
between transmission of said pneumatic signal by said head
end unit and reception of said pneumatic signal by at
least one of said railcar air brake signal sensors.

19. An apparatus of claim 17 wherein said head end unit
determines a time characteristic corresponding to a delay
of a reception of said pneumatic signal by said railcar
air brake signal sensor in which the electronic signal
does not include a calculated time data portion.

20. An apparatus of any one of claims 17 to 19, wherein
in an order corresponding to increasing distance from said
head end unit, said head end unit receives, from each of
said plurality of railcar air brake signal sensors, an
electronic message containing a unique ID for each of said

railcars.
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21. An apparatus of claim 17, wherein said head end unit
generates an electronic signal on said communication link
which initializes each of a plurality of said railcar air
brake signal sensors and activates a timer in each of said
plurality of railcar air brake signal sensors so that a
delayed pneumatic signal can be detected at each of said
plurality of railcar air brake signal semsors and compared

therein to a common time reference.

22. An apparatus of any one of claims 17 to 21, wherein
said pneumatic signal is a reduction in air pipe pressure.

23. BAn apparatus of any one of claims 17 to 21, wherein

said pneumatic signal is an increase in air pipe pressure.

24. An apparatus of any one of ¢laims 17 to 21, wherein
said pneumatic signal is a disturbance having a

predetermined frequency characteristic.

25. An apparatus of any one of claims 17 to 24, wherein
said air brake signal sensors generate an electronic
signal in response to a change in air pressure which

exceeds a predetermined threshold.

26. An apparatus of claim 25, wherein said predetermined
threshold is in a range from 0.03 to 2.0 PSI.

27. BAn apparatus of claim 26, wherein said predetermined
threshold is substantially 0.1 PSI.

28. A method of determining an order of a plurality of
railcars in a train of the type wherein such railcars are
linked to a locomotive by a pressurized air line and
further are linked to said locomotive by electronic
communication, wherein the method includes the steps of:

4 sending a predetermined pneumatic signal through said

air line to said plurality of railcars;
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calculating a time characteristic associated with
receipt of said predetermined pneumatic signal by said
each of said railcars by detecting a measured air line
pregsure which is different by a predetermined threshold
from said baseline air pressure record for said each of
said railcars:

sending a plurality of responses, one from each of
said plurality of railcars, where a sending time for each
response is representative of said time characteristic of
receipt of said predetermined pneumatic signal by said
each of said plurality of railcars; and ‘

sorting said plurality of responses based upon said
gsending time.

29. A method of determining an order of a plurality of
railcars in a train of the type wherein such railcars are
linked to a locomotive by a pressurized air line and
further are linked to said locomotive by electronic
communication, wherein the method includes the steps of:

sending a signal to each of said plurality of
railcars from said locomotive;

recording a baseline air line pressure for gaid each
of said railcars and generating a baseline air pressure
record for said each of gaid railcars;

sending a predetermined pneumatic signal through said
air line to said plurality of railcars;

measuring an air line pressure for said each of said
railcars at predetermined time intervals, said air line
pressure responsive to said predetermined pneumatic
signal;

detecting when said air line pressure is less than
said baseline air line pressure less a'predetermined air
line pressure for said each of said railcars;

calculating a time needed for said air line pressure
to become less than said baseline air line pressure less

sald predetermined air line pressure;
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sending a plurality of responses to said locomotive
for said each of said railcars, said plurality of
responses including said calculated time in said
calculating step;

determining that said plurality of responses are
received at said locomotive from said each of said rail
cars; and

sorting said plurality of responses based upon said
calculated time.

30. A method of determining an order of a rail cars in a
train, substantially as herein described with reference to
the accompanying drawings excluding figure 2.

31. An apparatus for determining an order of a rail cars
in a train, substantially as herein described with

reference to the accompanying drawings excluding figure 2.

Dated this 23rd day of September 2003
WESTINGHOQUSE AIR BRAKE COMPANY

By their Patent Attorneys

GRIFFITH HACK

Fellows Institute of Patent and

Trade Mark Attorneys of Australia
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