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(57) ABSTRACT

In one embodiment, a system includes a vehicle, one or more
probes coupled to the vehicle, and a controller. The vehicle
1s operable to traverse a distance. The one or more probes are
operable to measure wind pressure and generate one or more
wind pressure measurements. The controller 1s operable to
receive the one or more wind pressure measurements from
the one or more probes, determine a wind angle relative to
the vehicle using the one or more wind pressure measure-
ments, and determine a wind speed relative to the vehicle
using the one or more wind pressure measurements and the
wind angle.
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SYSTEMS AND METHODS FOR
DETERMINING WIND VELOCITY

TECHNICAL FIELD

[0001] This disclosure generally relates to determining
wind velocity, and more specifically to systems and methods
for determining wind velocity relative to a vehicle.

BACKGROUND

[0002] Under certain conditions, vehicles are susceptible
to wind-induced tip-over. For example, surface pressures
that occur during high wind conditions can result 1n forces
and moments that may cause a train to derail. Currently,
real-time wind speed and direction data 1s insuflicient to
make safety decisions regarding vehicle operations 1n poten-
tially high and/or unknown wind conditions.

SUMMARY

[0003] According to an embodiment, a system includes a
vehicle, one or more probes coupled to the vehicle, and a
controller. The vehicle 1s operable to traverse a distance. The
one or more probes are operable to measure wind pressure
and generate one or more wind pressure measurements. The
controller 1s operable to receive the one or more wind
pressure measurements from the one or more probes, deter-
mine a wind angle relative to the vehicle using the one or
more wind pressure measurements, and determine a wind
speed relative to the vehicle using the one or more wind
pressure measurements and the wind angle.

[0004] According to another embodiment, a method
includes recerving, by a controller, one or more wind pres-
sure measurements from one or more probes. The one or
more probes are coupled to a vehicle and the vehicle 1s
operable to traverse a distance. The method also includes
determining, by the controller, a wind angle relative to the
vehicle using the one or more wind pressure measurements.
The method further includes determining, by the controller,
a wind speed relative to the vehicle using the one or more
wind pressure measurements and the wind angle.

[0005] According to yet another embodiment, one or more
computer-readable storage media embody mstructions that,
when executed by a processor, cause the processor to
perform operations including receiving one or more wind
pressure measurements from one or more probes. The one or
more probes are coupled to a vehicle and the vehicle 1s
operable to traverse a distance. The operations also 1nclude
determining a wind angle relative to the vehicle using the
one or more wind pressure measurements. The operations
turther include determining a wind speed relative to the
vehicle using the one or more wind pressure measurements
and the wind angle.

[0006] Technical advantages of certain embodiments of
this disclosure may include one or more of the following.
The systems and methods described herein may improve
safety based on rapid i1dentification of wind conditions that
may result 1n vehicle (e.g., train) blow-overs. Certain
embodiments measure wind velocity relative to a vehicle
using probes mounted to the vehicle. These wind velocity
measurements may be used to determine whether wind-
induced tip-over 1s imminent.

[0007] Certain embodiments described herein generate
wind speed and wind direction data that may be communi-
cated to vehicle operators, which enables the vehicle opera-
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tors to take remedial actions such as slowing or stopping
vehicles encountering dangerous wind conditions. For
example, a train operator may slow down a train 11 the wind
direction and wind speed data indicate that wind-induced
tip-over 1s 1imminent or likely. The systems and methods
described herein may provide a competitive advantage by
more accurately identitying local wind states, which may
allow vehicles that are not expected to encounter unsafe
conditions to continue operations without being subjected to
speed restrictions. Allowing vehicles to continue operations
without being subjected to speed restrictions may provide a
monetary advantage since speed restrictions can result in
costly delays for transportation systems.

[0008] Certain embodiments of this disclosure utilize
probes mounted to a locomotive of a train to measure wind
velocity while the train 1s 1n motion. The probes may be
located to fit within certain Association of American Rail-
roads (AAR) locomotive shape and size clearances, which
provides a safe and eflicient wind measurement system. In
certain embodiments, the probes do not have moving parts
independent of the train, which increases reliability in mea-
suring wind velocity. The systems and methods described
herein may be ruggedized (e.g., hard wired) for industrial
field use. Unlike many existing devices which are only
accurate for headwinds, the systems and methods described
herein measure both headwinds and crosswinds accurately.

[0009] The systems and methods described herein may
provide real-time accurate local ambient wind speed and
direction data for trains, which may reduce the number of
unnecessary train stops and/or reduction of traimn speed
caused by current less accurate high wind forecasts. The
systems and methods described herein are adaptable to other
modes of transportation. For example, the systems and
methods described herein may be adaptable to road trucks to
provide real-time 1n-motion wind speed and direction data to
a dniver and/or to a centralized database. As another
example, the systems and methods described herein may be
adaptable to an aircraft for enhanced measurement of head-
wind and crosswind during flight. As still another example,
the systems and methods described herein may be adaptable
to wind turbine nacelles for enhanced measurement of wind
speed and direction, which may improve control and efli-
ciency ol power generation.

[0010] Other techmical advantages will be readily apparent
to one skilled 1n the art from the following figures, descrip-
tions, and claims. Moreover, while specific advantages have
been enumerated above, various embodiments may include
all, some, or none of the enumerated advantages.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] To assist in understanding the present disclosure,
reference 1s now made to the following description taken in
conjunction with the accompanying drawings, 1n which:

[0012] FIG. 1 illustrates an example system for determin-
ing wind velocity relative to a vehicle;

[0013] FIG. 2 1llustrates a side view of the vehicle of FIG.
1;

[0014] FIG. 3 1llustrates a front view of the vehicle of FIG.
1;

[0015] FIG. 4 illustrates an example method for determin-
ing wind velocity relative to a vehicle;

[0016] FIG. 5 illustrates an example probe that may be
used by the system of FIG. 1;
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[0017] FIG. 6 illustrates an example port labeling scheme
for the probe of FIG. 5;

[0018] FIGS. 7A and 7B 1illustrate an example method for
determining wind velocity in accordance with the port
labeling scheme of FIG. 6;

[0019] FIG. 8 illustrates an example communication sys-
tem that may be used by the system of FIG. 1;

[0020] FIGS. 9A-9F illustrate computational fluid dynam-
ics (CFD) simulations used to investigate the system of FIG.
1

[0021] FIG. 9A illustrates a CFD model domain used to
investigate the system of FIG. 1;

[0022] FIG. 9B 1llustrates a train used 1n the CFD model
domain of FIG. 9A;

[0023] FIG. 9C 1illustrates a plan view of a simulated
airflow around the train of FIG. 9B:;

[0024] FIG. 9D 1illustrates a front view of a simulated
airflow around the train of FIG. 9B:

[0025] FIG. 9E illustrates a perspective view of a simu-
lated airflow around the train of FIG. 9B;

[0026] FIG. 9F illustrates a top view of a simulated airtlow
around a probe of FIG. 9E;

[0027] FIG. 10 1llustrates an example system for deter-
miming wind velocity relative to each railroad car of a train
traversing a curve of a track;

[0028] FIG. 11 illustrates an example method for deter-
mimng wind velocity relative to a railroad car of a train
traversing a curve of a track; and

[0029] FIG. 12 illustrates an example computer system
that may be used by the systems and methods described

herein.

DETAILED DESCRIPTION

[0030] Known methods for measuring ambient wind
speed and direction near a moving vehicle utilize lengthy
booms or other support structures to move wind sensors
outside of the vehicle’s influence and/or disturbed air tlow.
These methods may be impractical for general service since
the wind sensors are located outside the normal vehicular
clearance envelope or are located on booms that {it within
the clearance envelopes and are used for short-term tests but
are 1mpractical for normal train operations. Ground-based
anemometers may be located too far apart or too far away
from the moving vehicle to provide actionable, real-time
wind speed and direction data. The systems and methods
described herein account for these deficiencies by measuring
the ambient wind speed and direction from the moving
vehicle.

[0031] The systems and methods described herein use
probes attached to a vehicle to measure wind speed and
direction relative to the vehicle. In certain embodiments, a
controller uses wind pressures received from the probes and
algorithms to calculate ambient wind speed and direction
data while correcting the data for errors due to the probe
locations potentially being within disturbed airtlow around
the vehicle. The probes are five-sided probes with pressure
ports on three or four of the five sides and a reference port
at an end of the probe. Differential pressures are measured
between the ports, and a calibration procedure 1s used to
convert the differential pressure readings mto wind speed
and direction relative to the vehicle.

[0032] FIGS. 1 through 12 show example systems and
methods for determining wind velocity relative to a vehicle.
FIG. 1 shows an example system for determining wind
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velocity relative to a vehicle, and FIGS. 2 and 3 show a side
view and a front view, respectively, of the vehicle used in
FIG. 1. FIG. 4 shows an example method for determining
wind velocity relative to a vehicle. FIG. 5 shows an example
probe that may be used by the system of FIG. 1, FIG. 6
shows an example port labeling scheme for the probe of
FIG. 5, and FIGS. 7A and 7B show an example method for
determining wind velocity using the port labeling scheme of
FIG. 6. FIG. 8 shows an example communication system
that may be used by the system of FIG. 1. FIGS. 9A-9F show
CFD simulations used to investigate the system of FIG. 1.
FIG. 10 shows an example system for determining wind
velocity relative to a railroad car of a train traversing a curve
of a track, and FIG. 11 shows an example method that may
be used by the system of FIG. 10. FIG. 12 shows an example
computer system that may be used by the systems and
methods described herein.

[0033] FIG. 1 illustrates an example system 100 for deter-
mining wind velocity relative to a vehicle. In the illustrated
embodiment of FIG. 1, the vehicle 1s a locomotive 110.
System 100 of FIG. 1 includes locomotive 110, tracks 112,
one or more probes 130, and one or more controllers 140.
System 100 or portions thereol may be associated with an
entity, which may include any entity, such as a business, a
company (e.g., a railway company, a transportation com-
pany, etc.), or a government agency (e.g., a department of
transportation, a department of public safety, etc.). The
clements of system 100 may be implemented using any
suitable combination of hardware, firmware, and software.
For example, the elements of system 100 may be imple-
mented using one or more components of the computer

system of FIG. 12.

[0034] Locomotive 110 represents any railed vehicle
equipped to provide power for one or more railroad cars.
Locomotive 110 may be used to pull the one or more railroad
cars along one or more tracks 112. Locomotive 110 may
operate independent of the one or more railroad cars. Loco-
motive 110 may pull and/or push one or more railroad cars.
For example, a rear end 113 of locomotive 110 may be
attached to a front end of a first railroad car of a plurality of
railroad cars such that locomotive 110 pulls the one or more
railroad cars. As another example, a front end 114 of
locomotive 110 may be attached to a rear end of a last
railroad car of a plurality of railroad cars such that locomo-
tive 110 pushes the one or more railroad cars. As still another
example, the one or more railroad cars may have first
locomotive 110 attached to a front end of the one or more
railroad cars and second locomotive 110 attached to the rear
end of the one or more railroad cars for a push-pull opera-
tion. The one or more railroad cars may be used to transport
goods (e.g., coal, grain, intermodal freight, etc.) and/or
beings (e.g., humans, livestock, etc.). Locomotive 110 may
be a seli-propelled engine driven by electricity, diesel,
battery, and/or steam power.

[0035] Locomotive 110 may include a front portion 116
and a rear portion 118. Locomotive 110 may be any suitable
length measured from front end 114 to rear end 113 of
locomotive 110. A centerline 150 of locomotive 110 repre-
sents an 1maginary line drawn perpendicular to a mid-point
of the length of locomotive 110. Front portion 116 of
locomotive 110 represents the portion of locomotive 110
from centerline 150 to front end 114 of locomotive 110 and
rear portion 118 of locomotive 110 represents the portion of
locomotive 110 from centerline 150 to rear end 113 of
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locomotive 110. Driver’s compartment 122 of locomotive
110 represents the portion of locomotive 110 that houses
controls necessary to operate locomotive 110 and/or one or
more train operators (e.g., a driver, an engineer, a fireman,
a driver’s assistant, and the like). Driver’s compartment 122
of locomotive 110 1s located 1n first portion 116 of locomo-

tive 110.

[0036] One or more probes 130 are coupled to locomotive
110. Probes 130 of system 100 represent instruments used to
measure wind pressure. Each probe 130 includes one or
more ports (e.g., pressure ports 550 of FIG. 5). Each probe
130 directly outputs pressures associated with each of the
one or more ports. One or more pressure lines (see, e.g.,
pressure lines 810 of FIG. 8) may be hard wired to each
probe 130 to communicate imformation to controller 140.
Each probe 130 may include one or more sensors operable
to communicate information to controller 140. Probes 130
are coupled to locomotive 110 such that at least one probe
130 1s not located within an aecrodynamic separation zone
under any relative wind angle. The relative wind angle may
be applied over 360 degrees of relative wind angles. Sepa-
ration zones may form as airflow separates from the body of
locomotive 110 and re-attaches at a region further downwind
of locomotive 110. Separation zones are discussed 1n more

detail in FIGS. 9A-9F below.

[0037] FEach probe 130 1s attached to an outer surface of
locomotive 110. Probes 130 may be attached to an outer
surface of front portion 116 of locomotive 110. For example,
probes 130 may be attached to an outer surface of driver’s
compartment 122 of locomotive 110. Probes 130 may be
attached to a top surface of locomotive 110. The top surface
of locomotive 110 1s the outer surface of locomotive 110 that
1s visible 1n a plan view of locomotive 110. In the 1llustrated
embodiment of FIG. 1, the top surface of driver’s compart-
ment 122 includes a top tlat surface 124 and two top angled
surfaces 126 that slope downward toward tracks 112. Each

top angled surface 126 shares an edge with top flat surface
124.

[0038] Inthe illustrated embodiment of FIG. 1, probes 130
of system 100 include probe 130a and probe 1305. Probe
130a 1s located near the intersection of front end 114, top
angled surface 126, and a side surface 128 of locomotive
110. Probe 13056 may be similarly located on an opposite
side of locomotive 110 such that a location of probe 1305

mirrors the location of probe 130aq about longitudinal axis
160 of locomotive 110.

[0039] Controller 140 of system 100 represents any suit-
able computing component that may be used to process
information for system 100. Controller 140 may coordinate
one or more components of system 100. Controller 140 may
receive data (e.g., wind pressure data) from one or more
probes 130 of system 100. Controller 140 may include a
communications function that allows users (e.g., a techni-
cian, an administrator, a driver, a vehicle operator, etc.) to
communicate with one or more components of system 100
directly. For example, controller 140 may be part of a
computer (e.g., a laptop computer, a desktop computer, a
smartphone, a tablet, etc.), and a user may access controller
140 through an interface (e.g., a screen, a graphical user
interface (GUI), or a panel) of the computer. Controller 140
may communicate with one or more components of system
100 via a network (e.g., network 890 of FIG. 8). Controller
140 may be located inside locomotive 110. For example,
controller 140 may be located 1n driver’s compartment 122
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of locomotive 110. In certain embodiments, controller 140
may be located exterior to locomotive 110. For example,
controller 140 may operate in a cloud computing system.

[0040] Controller 140 may determine wind direction and/
or wind speed relative to a vehicle (e.g., locomotive 110) of
system 100 using information received from probes 130.
Controller 140 may determine wind direction and/or wind
speed relative to the vehicle when the vehicle 1s 1n motion.
For example, controller 140 may determine wind direction
and/or wind speed relative to locomotive 110 in real-time or
near real-time as locomotive 110 moves at a calculated
speed along track 112. Controller 140 may predict wind-
induced tip-over of a vehicle (e.g., the locomotive and/or
following cars) based on the determined wind direction
and/or wind speed. Wind conditions resulting in tip-over
may be determined using CFD simulations, wind tunnel
tests, field tests, and the like.

[0041] Controller 140 may communicate the determined
wind direction and/or wind speed to the enfity associated
with system 100. For example, controller 140 may commu-
nicate the determined wind direction and/or wind speed to
an operator (e.g., an operating crew) of locomotive 110. As
another example, controller 140 may communicate the
determined wind direction and/or wind speed to a back-
oflice system of the entity associated with system 100 to
assist 1n the back oflice’s decision making processes.

[0042] Incertain embodiments, controller 140 may use the
determined wind direction and/or wind speed to verily
and/or validate weather information received from one or
more weather sources. For example, controller 140 may
verily and/or validate forecasted weather data (e.g., fore-
casted high winds) received from one or more weather
sources. This validation process may save time and money
by eliminating or reducing the need to dispatch personnel
with hand-held anemometers to locations of forecasted high
winds. The determined wind direction and/or wind speed
provides local conditions at the vehicle (e.g., locomotive
100) at all locations. These conditions may be diflerent from
conditions at wayside stations due to 1impact of local topog-
raphy, such as canyons, elevated sections of track, hills, and
adjacent structures.

[0043] In operation, probe 130a and probe 1306 coupled
to locomotive 110 measure wind pressures while locomotive
110 1s 1n motion and communicate the wind pressures to
controller 140. Controller 140 receives the wind pressure
measurements from probe 130aq and probe 1305 and deter-
mines a wind angle and a wind speed relative to locomotive
110 using the one or more wind pressure measurements.
Controller 140 communicates the wind angle and wind
speed to an operator of locomotive 110 to enable the
operator to take corrective actions as needed based on the
wind angle and the wind speed. For example, the operator
may decrease the speed of locomotive 110 to prevent a
potential tip-over of locomotive 110. As such, system 100 of
FIG. 1 determines wind angle and wind speed relative to
locomotive 110, which may prevent a wind-induced tip-over
ol locomotive 110.

[0044] Although FIG. 1 illustrates a particular arrange-
ment of locomotive 110, probe 130aq, probe 1305, and
controller 140, this disclosure contemplates any suitable
arrangement of locomotive 110, probe 130a, probe 1305,
and controller 140. Locomotive 110, probe 130a, probe
1305, and controller 140 of system 100 may be physically or
logically co-located with each other in whole or in part.
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[0045] Although FIG. 1 illustrates a particular number of
locomotives 110, probes 130, and controllers 140, this
disclosure contemplates any suitable number of locomotives
110, probes 130, and controllers 140. For example, more
than two probes 130 may be attached to locomotive 110. As
another example, locomotive 110 may be part of a train that
includes more than one locomotive 110 and/or one or more
railroad cars.

[0046] Modifications, additions, or omissions may be
made to system 100 depicted in FIG. 1. System 100 may
include more, fewer, or other components. For example,
locomotive 110 of system 100 may be replaced with any
suitable component used for transportation such as an auto-
mobile, a railroad car, a truck, a bus, an aircraft, a shipping
vessel, and the like. As another example, locomotive 110 of
system 100 may be any suitable shape.

[0047] FIG. 2 1llustrates a side view 200 of locomotive 110
of FIG. 1. The 1illustrated embodiment of FIG. 2 includes
locomotive 110 and probe 130a. Locomotive 110 includes
front end 114, driver’s compartment 122, top flat surface
124, and top angled surface 126. Probe 1304 1s located at a
corner of top angled surface 126.

[0048] Probe 130aq 1s physically attached to an outer
surface of locomotive 110. Probe 130a may be physically
attached to the outer surface of locomotive 110 using one or
more magnets, welds, bolts, adhesives, tape, and the like.
Probe 130a may be physically attached to locomotive 110
such that probe 130a 1s fixed 1n position to locomotive 110.
Probe 130a may be restricted from movement independent
of locomotive 110. In certain embodiments, probe 130q has
no moving parts mdependent of locomotive 110. Moving,
parts require more maintenance and are more prone to
tailure than non-moving parts, especially when poor weather
conditions are present. Rugged moving parts are generally
not delicate, which 1s required for accurate measurements.

[0049] Probe 130aq may be made of metal (e.g., nickel,
titanium, copper, 1ron, steel (e.g., stainless steel), aluminum,
etc.), plastic, fabric, a combination thereof, or any other
suitable material. Probe 130a may be made of a material that
can withstand sun, rain, hail, wind, snow, 1ce, sleet, and/or
other weather conditions. Probe 130a may include one or
more components operable to account for one or more
weather conditions. For example, probe 130a may include a
defrosting component.

[0050] Although FIG. 2 illustrates a particular arrange-
ment of locomotive 110 and probe 130q, this disclosure
contemplates any suitable arrangement of locomotive 110
and probe 130a. Although FIG. 2 illustrates a particular
number of locomotives 110 and probes 130aq, this disclosure
contemplates any suitable number of locomotives 110 and
probes 130a. Modifications, additions, or omissions may be
made to side view 200 depicted in FIG. 2. For example,
locomotive 110 may be replaced with any suitable compo-
nent used for transportation such as an automobile, a railroad
car, a truck, a bus, an aircratt, a shipping vessel, and the like.
As another example, side view 200 may be mirrored such
that probe 130q 1s replaced with probe 1305 of FIG. 1. Side
view 200 of locomotive 110 may include more, fewer, or
other components.

[0051] FIG. 3 illustrates a front view 300 of locomotive
110 of FIG. 1. Front view 300 includes locomotive 110 and
probes 130. Front end 114 of locomotive 110 includes the
components of locomotive 110 illustrated in front view 300.
As shown, probe 130a 1s located on one side of centerline
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150 of locomotive 110 and probe 1306 1s located on an
opposite side of centerline 150 of locomotive 110. Each

probe 130 1s operable to measure wind angles over a range
of 180 degrees.

[0052] Each probe 130 1s coupled to locomotive 110 such
that each probe 130 1s located within a clearance plate set by
AAR Plate M 310 for the AAR Mechanical Division.
Rolling stock in the rail industry that fits within AAR
clearance plates 1s guaranteed safe clearance through known
tunnels and past other known obstructions. For locomotive

110, the relevant clearance plate 1s AAR Plate M 310.

[0053] AAR Plate M 310 specifies a maximum height 320
and a maximum width 330 for cars. AAR Plate M 310
illustrates a car cross-section that tapers at each top comer.
A compliant car (e.g., locomotive 110) must it within the
illustrated cross-section. Accordingly, a compliant car 1s not
permitted to fill an entire rectangle of the maximum height
320 and maximum width 330. The maximum height 320 for
plate M 1s approximately 16'-0" as measured from 2%
inches above the top of the rail of track 112, and the
maximum width 330 for plate M 1s 10'-8".

[0054] To comply with AAR Plate M 310, probe 130a and
probe 1306 each extend a maximum distance (e.g., eight
inches) from an outer surface of locomotive 110. The
maximum distance depends on the size of locomotive 110
relative to the clearance plate dimensions of AAR Plate M
310. Probe 130a and probe 13056 each extend 1n a direction
perpendicular to the outer surface of locomotive 110. In
some embodiments, probe 130a and/or probe 1306 may
extend from the outer surface of locomotive 110 at an angle.
For example, probe 130aq and/or probe 1306 may extend
vertically such that probe 130a and/or probe 130 extend
perpendicular to a longitudinal axis (e.g., longitudinal axis

160 of FIG. 1) of locomotive 110.

[0055] Although FIG. 3 illustrates a particular arrange-
ment of locomotive 110 and probes 130, this disclosure
contemplates any suitable arrangement of locomotive 110
and probes 130. Although FIG. 3 illustrates a particular
number of locomotives 110 and probes 130, this disclosure
contemplates any suitable number of locomotives 110 and
probes 130. For example, front view 300 may include more
than two probes 130 (e.g., two probes 130 on either side of
centerline 150). Modifications, additions, or omissions may
be made to front view 300 depicted 1n FIG. 3. Front view
300 of locomotive 110 may include more, fewer, or other
components.

[0056] FIG. 4 illustrates an example method 400 for
determining wind velocity relative to a vehicle. Method 400
begins at step 410. At step 420, a controller (e.g., controller
140 of FIG. 1) receives wind pressure measurements from
one or more probes (e.g., probe 130a and probe 1305 of FIG.
1) coupled to a vehicle (e.g., locomotive 110 of FIG. 1). For
example, the controller may include transducers (e.g., trans-
ducers 820 of FIG. 8), and the transducers may receirve wind
pressure measurements from one or more ports of the one or
more probes. Method 400 then advances to step 430.

[0057] At step 430, the controller determines a wind angle
relative to the vehicle using the wind pressure measurements
received from the one or more probes. The controller may
determine the wind angle relative to the vehicle using the
method of FIGS. 7A and 7B described below. At step 440,
the controller determines a wind speed relative to the vehicle
using the wind pressure measurements and the wind angle.
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The controller may determine the wind speed relative to the
vehicle using the method of FIGS. 7A and 7B below.

[0058] At step 450, the controller determines a type of
vehicle. For example, the controller may determine a spe-
cific model of the vehicle (e.g., a specific model of a
locomotive). The controller may receive mformation asso-
ciated with a specific model of the vehicle such as a height
of the vehicle, a width of the vehicle, a length of the vehicle,
a shape of the vehicle, one or more components attached to
the vehicle, and the like. At step 460, the controller deter-
mines a weight of the vehicle. The controller may determine
the weight of the vehicle using the information associated
with the specific model of the vehicle. Method 400 then
advances to step 470.

[0059] At step 470, the controller determines whether the
vehicle has potential for wind-induced tip-over. The con-
troller may determine whether the vehicle has potential for
wind-induced tip-over based on the wind angle relative to
the vehicle, the wind speed relative to the vehicle, the type
of vehicle, the weight of the vehicle, a combination thereof,
or any other suitable factor. For example, the controller may
calculate a tipping moment for a locomotive and compare
the tipping moment to a restoring moment. The restoring,
moment 1s the weight of the locomotive times the horizontal
distance from the centerline of the locomotive to the rail.
The tipping moment may be determined by comparing
relative wind speed and direction to a lookup table based on
previous acrodynamic studies for the particular vehicle (e.g.,
a CFD or wind tunnel study). If the tipping moment 1is
greater than the restoring moment, the vehicle tips. More
sophisticated models may include track inputs (e.g., non-
smoothness), vehicle suspension details, vehicle rocking and
swaying, and the like.

[0060] If the controller determines that the vehicle does
not have potential for tip-over, method 400 advances from
step 470 to step 490, where method 400 ends. I the
controller determines that the vehicle has potential for
tip-over, method 400 advances from step 470 to step 480,
where the controller triggers an alarm. Triggering the alarm
may send one or more signals (e.g., a verbal or written
message) to an operator of the vehicle. For example, trig-
gering the alarm may send a message to an operator of a
locomotive to decrease the speed of the locomotive. In
certain embodiments, triggering the alarm may 1nitiate one
or more automated actions. The automated actions may
include decreasing the speed of the vehicle, stopping the
vehicle, activating a siren, changing a direction of the
vehicle, and the like. Method 400 then advances from step

480 to step 490, where method 400 ends.

[0061] Modifications, additions, or omissions may be
made to method 400 depicted in FIG. 4. Method 400 may
include more, fewer, or other steps. For example, method
400 may include determining one or more separation zones
associated with the vehicle and physically attaching at least
one probe to the vehicle outside of the one or more sepa-
ration zones. As another example, method 400 may include
determining one or more clearance plate standards associ-
ated with the vehicle and physically attaching the one or
more probes to the vehicle such that the locations of the
probes comply with the one or more clearance plate stan-
dards. As still another example, method 400 may include
determining, at step 470, whether each vehicle 1n a series of
vehicles (e.g., a series of railroad cars) has potential for
wind-induced tip-over based on the wind angle and wind

Jun. 17, 2021

speed relative to each vehicle. Steps may be performed 1n
parallel or 1n any suitable order. While discussed as specific
components completing the steps of method 400, any suit-
able component may perform any step of method 400.

[0062] FIG. 5 illustrates a probe 130 that may be used by
system 100 of FIG. 1. Probe 130 of FIG. S may represent
probe 130a and/or probe 1306 of FIG. 1. Probe 130 1s an
instrument used to measure wind velocity. As air flow passes
over and around probe 130, the shape of probe 130 dictates
a velocity pattern on an outer surface of probe 130. Probe
130 includes multiple facets 310 and multiple pressure ports
550. Pressure ports 350 of probe 130 are used to measure
static pressures. By comparing the static pressures at the
various pressure ports 530 of probe 130, a measurement of
wind velocity can be determined.

[0063] Probe 130 includes five facets 510. Each facet 510
of probe 130 may be a machined, flat surface. Two or more
facets 510 may be equal in width, length, size, shape, or a
combination thereof. In certain embodiments, two or more
facets 510 may be different 1n width, length, size, shape, or
a combination thereof. A cross section of probe 130 has an
outer shape of a pentagon. The pentagon may be a regular
pentagon with equal sides and angles. The pentagon may be
an 1rregular pentagon with unequal sides and/or angles. A
five-sided probe 130 may offer optimal performance with
the fewest pressure differentials, which may minimize cost.
In alternative embodiments, probe 130 may include more or
less than five facets 510 (e.g., three, four, or six facets 510).
For example, probe 130 may include six facets 510 and have
a cross-sectional shape of a hexagon. In certain embodi-
ments, probe 130 may have one or more outer curved
surfaces. For example, a cross section of probe 130 may
have an outer shape of a circular cylinder.

[0064] Overall length 512 of probe 130 may be limited by
one or more standards (e.g., the AAR standard). For
example, overall length 512 of probe 130 may be a maxi-
mum of eight inches to fit within the clearance plate asso-
ciated with AAR plate M. Probe 130 may have any suitable
thickness. For example, a maximum thickness of probe 130
may be between two and three inches.

[0065] Probe 130 includes a tip 520, a main body 530, and
a base 540. Tip 520 of probe 130 has a shape of a spherical
cone. A joint between tip 520 and each facet 310 of probe
130 forms a rounded edge. Tip 520 may be any suitable size
and shape to accurately determine wind pressure relative to
a vehicle. For example, tip 520 may be faceted 1n certain
embodiments. Length 522 of tip 520 may be between 10 and
25 percent of length 512 of probe 130. In certain embodi-
ments, length 522 of tip 520 1s within a range of one and two
inches.

[0066] Main body 3522 of probe 130 includes facets 510.
Main body 522 has a shape of a regular pentagon. Main body
522 may be any suitable size or shape to accurately deter-
mine wind velocity relative to a vehicle. Length 532 of main
body 522 may be between 50 and 75 percent of overall
length 512 of probe 130. In certain embodiments, length 532
of main body 522 1s within a range of four to six inches.

[0067] Base 540 of probe 130 has a shape of a cylinder.
Base 540 may be any suitable size or shape to accurately
determine wind velocity relative to a vehicle. Length 542 of
base 540 may be between 20 and 40 percent of overall length
512 of probe 130. In certain embodiments, length 332 of
main body 522 1s within a range of two to three inches. An
outer edge of an end of base 540 attaches to a face of an end
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of main body 530 such that a joint between main body 530
and base 540 of probe 130 forms a perpendicular edge.

[0068] Tip 520, main body 530, and base 540 of probe 130
may be the same matenial (e.g., metal, plastic, fabric, etc.).
In some embodiments, tip 520, main body 530, and base 540
of probe 130 may be different materials. Tip 520, main body
530, and base 540 of probe 130 may be manufactured as a
single unit and/or 1n parts.

[0069] Pressure ports 550 of probe 130 are holes in probe
130 used to measure wind pressure (e.g., static pressure),
wind speed, and/or wind direction. For example, pressure
ports 550 may measure wind pressure, and a comparison of
the relative pressure differentials between pressure ports 550
may be used to determine wind angle and/or wind speed
relative to a vehicle. Probe 130 may include one or more
pressure sensors to measure pressure at pressure ports 530.
For example, each pressure port 550 may have its own
pressure sensor to measure pressure at that particular port.

[0070] Pressure ports 550 may be located on one or more
tacets 510 of probe 130. For example, three facets 510 of
probe 130 may each include a single pressure port 550,
whereas the remaining two facets 510 of probe 130 do not
include a pressure port 5350. Tip 520 may include a pressure
port 550. For example, an end of tip 520 located furthest
away Ifrom main body 530 of probe 130 may include one
pressure port 550. Pressure port 350 at tip 520 may be used
to measure a reference pressure. The location of the refer-
ence pressure port 550 at the end of tip 520 of probe 130 may
provide the most 1deal location on probe 130 for measuring,
reference pressure because this location may be relatively
insensitive to wind angle. Pressure ports 550 are described
in more detail 1n FIG. 6 below.

[0071] Although FIG. § illustrates a particular arrange-
ment of facets 510, tip 520, main body 530, base 540, and
pressure ports 550, this disclosure contemplates any suitable
arrangement of facets 510, tip 520, main body 530, base 540,
and pressure ports 550. Modifications, additions, or omis-
sions may be made to probe 130 depicted i FIG. 5. Probe
130 may include more, fewer, or other components. Probe
130 may have more or less than five facets 510. Tip 3520,
main body 530, and/or base 540 of probe 130 may any
suitable shape for measuring wind speed and/or direction.
For example, main body 530 of probe 130 may have a
cylindrical cross-sectional shape. In certain embodiments,
probe 130 may not include tip 520 and/or base 540. One or
more components of probe 130 may be implemented using,
one or more components of the computer system of FIG. 12.

[0072] FIG. 6 illustrates a port labeling scheme 600 for
probes 130 of FIG. 1. Port labeling scheme 600 may be used
by the method of FIGS. 7A and 7B to determine wind
direction and wind speed relative to a vehicle. Port labeling
scheme 600 shows a schematic plan view of locomotive 110,
probe 130q, and probe 1305. In the illustrated embodiment,
locomotive 110 1s traveling 1n a direction 610 along longi-
tudinal axis 160 of locomotive 110. Locomotive 110
includes a front side 620, a first side 630, and a second side

640. Front side 620 1s located at a front end of locomotive
110.

[0073] Probe 130aq includes five facets (see, e.g., facets
510 of FIG. 5). The five facets of probe 130a include facet
la, facet 2a, facet 3a, facet 4a, and facet 5a. Facet 1a 1s
adjacent to facet 2a, facet 2a 1s adjacent to facet 3q, facet 3a
1s adjacent to facet 4a, facet 4a 1s adjacent to facet 5a, and
facet Sa 1s adjacent to facet 1a of probe 130a. Facets 1a, 24,
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3a, 4a, and 5a are connected to form a pentagon. In the
illustrated embodiment, facet 24 and first side 630 of loco-
motive 110 face the same direction. Facets 1a, 24, and 3a of
probe 130a face away from longitudinal axis 160 of loco-
motive 110 and facets 4a and 5a face toward longitudinal
axis 160 of locomotive 110. As such, facets 1a, 24, and 3a
of probe 130a can measure wind angles over a range of zero
to 180 degrees.

[0074] Probe 130q includes pressure ports (see, €.g., pres-
sure ports 330 of FIG. 5). The pressure ports are used to
measure static pressure. The pressure ports of probe 130a
include port 1a, port 2a, port 3a, and port 4a. Port 1a 1s
located on facet 1a, port 2a 1s located on facet 2a, and port
3a 1s located on facet 3a. In the illustrated embodiment,
facets 4a and 5a of probe 130a do not have pressure ports.
Pressure ports are not included on facets 4a and 5a in this
embodiment because facets 4a and 5q are frequently 1n a
separation zone as locomotive 110 of FIG. 1 travels 1n
direction 610 and are thus not useful. Port 4a 1s located on
the top (e.g., top center) of probe 130a when viewing probe
130a 1n plan view. Port 4a may be used as a reference
pressure measurement.

[0075] Similar to probe 130a, probe 13056 includes five
facets (see, e.g., facets 510 of FIG. 5). The five facets of
probe 1306 include facet 15, facet 25, facet 3b, facet 45, and
facet 5b. Facet 15 1s adjacent to facet 2b, facet 25 1s adjacent
to facet 3b, facet 35 1s adjacent to facet 4b, facet 4bH 1s
adjacent to facet 55, and facet 56 1s adjacent to facet 15.
Facets 1b, 2b, 3b, 46, and 56 are connected to form a
pentagon. In the 1llustrated embodiment, facet 25 and second
side 640 of locomotive 110 face the same direction. Facets
15, 2b, and 35 of probe 1306 face away from longitudinal
ax1is 160 of locomotive 110 and facets 46 and 36 face toward
longitudinal axis 160 of locomotive 110. As such, facets 15,
26, and 3b of probe 1305 can measure wind angles over a
range ol zero to 180 degrees. The combination of facets 1a,
2a, and 3a of probe 130a and facets 15, 2b, and 35 of probe
1306 can measure wind angles over a range of zero to 360
degrees.

[0076] Similar to probe 130a, probe 1306 includes pres-
sure ports (see, e.g., pressure ports 550 of FIG. 5). The
pressure ports of probe 1306 include port 15, port 25, port
3b, and port 4b. Port 15 1s located on facet 15, port 25 1s
located on facet 2b, and port 356 1s located on facet 3b. In the
illustrated embodiment, facets 45 and 55 of probe 1305 do
not have pressure ports. Port 46 1s located on the top (e.g.,
top center) of probe 1305 when viewing probe 1306 1n plan
view. Port 4b may be used as a reference pressure measure-
ment.

[0077] Although FIG. 6 illustrates a particular arrange-
ment of facets and pressure ports within port labeling
scheme 600, this disclosure contemplates any suitable
arrangement of facets and ports within port labeling scheme
600 that can be used to accurately determine wind angle and
wind speed relative to a vehicle. Modifications, additions, or
omissions may be made to port labeling scheme 600
depicted 1n FIG. 6. Port labeling scheme 600 may include
more, fewer, or other components. For example, probe 130a
and/or probe 1306 of port labeling scheme 600 may have
more or less than five facets (e.g., three, four, or six facets).
As another example, each probe 130 of port labeling scheme
600 may have more or less than four pressure ports.

[0078] Although FIG. 6 1llustrates a particular number of
probes 130 within port labeling scheme 600, this disclosure
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contemplates any suitable number of probes 130 within port
labeling scheme 600 that can be used to accurately deter-
mine wind angle and wind speed relative to a vehicle. For
example, port labeling scheme 600 may be used for an
aerodynamic vehicle such that a single probe 130a with
pressure ports on all facets may be used to accurately
determine wind angle and wind speed relative to the vehicle
over a full 360 degrees.

[0079] FIGS. 7A and 7B 1illustrate a method 700 for
determining wind velocity in accordance with the port
labeling scheme of FIG. 6. FIGS. 7A and 7B may be used
by system 100 of FIG. 1 to determine wind velocity relative
to locomotive 110. Method 700 starts at step 705. At step
710, a controller (e.g., controller 140 of FIG. 1) determines
air pressures associated with facets of a first probe. The
controller determines a first facet pressure p, , a second
tacet pressure p,_, and a third facet pressure p,,, associated
with a port of a first facet, a port of a second facet, and a port
of a third facet, respectively, of the first probe (e.g., ports 1a,
2a, and 3a, respectively, of probe 130a of FIG. 6). The
controller further determines a reference pressure p, , asso-

ciated with a port at an end of the first probe (e.g., port 4a
of probe 130a of FIG. 6).

[0080] At step 715, the controller determines air pressures
associated with facets of a second probe. The controller
determines a first facet pressure p,,, a second facet pressure
D-;, and a third facet pressure p;, associated with a port of
a first facet, a port of a second facet, and a port of a third
facet, respectively, of the second probe (e.g., ports 15, 25,
and 35, respectively, of probe 1305 of FIG. 6). The control-
ler further determines a reference pressure p,, associated

with a port at an end of the second probe (e.g., port 40 of
probe 1306 of FIG. 6).

[0081] At step 720, the controller determines pressure
differentials between each facet pressure and the reference
pressure associated with the first probe. Pressure differen-
tials are calculated by taking a difference between values
associated with two pressures. For the first probe, the
controller determines a first reference differential (p, -p. )
between first facet pressure p, , and reference pressure p,
associated with the first probe, a second reference difleren-
tial (p,, -p..,) between the second facet pressure p,, and the
reference pressure p,,, associated with the first probe, and a
third reference diflerential (p; -p.. ) between the third facet
pressure p,,, and the reference pressure p,  associated with
the first probe.

[0082] At step 725, the controller determines pressure
differentials between each facet pressure and the reference
pressure associated with the second probe. The controller
determines a first reference difterential (p,,-p.,) between the
first facet pressure p,, and the reference pressure p.; asso-
ciated with the second probe, a second reference diflerential
(p-,-D4,) between the second facet pressure p,, and the
reference pressure p,, associated with the second probe, and
a third reference differential (p,,-p,,) between the third facet
pressure p,, and the reference pressure p,, associated with
the second probe. Method 700 then advances to step 730.

[0083] At step 730, the controller compares a facet pres-
sure ol the first probe to a facet pressure of the second probe
to determine whether to use pressure differentials associated
with the first probe or the second probe to calculate wind
velocity. In certain embodiments, the probe that 1s not
selected for use 1n determining wind velocity may be located
in a separation zone, whereas the selected probe may be
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located outside of the separation zone and may therefore
more accurately determine wind velocity. The controller
determines a pressure differential (p,,-p-,,) between second
tfacet pressure p,  of the first probe and second facet pressure

p,; of the second probe. Method 700 then advances to step
735.

[0084] At step 735, the controller determines whether the
pressure differential 1s greater than zero ((p,,-p,,,)>0). If the
pressure differential 1s greater than zero, method 700
advances from step 735 moves to step 740, where the
controller selects the second probe and uses pressures asso-
ciated with the second probe to determine wind velocity. If
the pressure differential 1s not greater than zero at step 735,
then the controller advances to step 745, where the controller
selects the first probe and uses pressures associated with the
first probe to determine wind velocity. Method 700 advances
from step 740 and step 743 to step 750.

[0085] At step 750, the controller determines whether the
first reference differential 1s greater than the second refer-
ence differential of the selected probe ((p; P, )= (P>—D4.))-
The selected probe represents either the first probe or the
second probe selected 1n step 740 or step 745 above. If the
first reference differential 1s greater than the second refer-
ence differential of the selected probe, then method 700
advances from step 750 to step 755, where the controller
determines a first rotational differential (p, .-p,.) between the
first facet pressure p, . and the second facet pressure p,,, of
the selected probe At step 760, the controller determines an
angular coeflicient k by d1v1d111g the first reference difler-
ential by the first rotatlonal differential ((p, .—P-. )/ (D ~P4.))-

Angular coetlicient k_ 1s functionally related to the wind
angle such that the wind angle 1s (k). The function 1is
relatively insensitive to wind speed. The relationship otk | to
the wind angle may be irregular and a curve {it may be
employed. The process of finding the curve fit will 1d
determined during a calibration process.

[0086] After determining the wind angle at step 760,
method 700 advances to step 765, where the controller
calculates wind velocity V  relative to a vehicle (e.g.,
locomotive 110 of FIG. 1) using the following formula:
V. =*sqrt((p,.—p.. )/ p. Value K  represents a velocity cali-
bration coeflicient that 1s determined as a function of the
wind angle. The functional relationship 1s determined by the
calibration process. Value p represents air density that is
determined based on the atmospheric air pressure and a
temperature. The atmospheric air pressure and temperature
are associated with the vehicle and may be determined using
one or more components (e.g., an atmospheric pressure
device and a temperature sensor) ol the communication
system of FIG. 8 discussed below. Method 700 advances
from step 763 to step 798, where method 700 ends.

[0087] At step 750, 11 the controller determines that the
first reference diflerential 1s not greater than the second
reference differential of the selected probe, then method 700
advances from step 750 to step 770, where the controller
determines whether the second reference differential 1s
greater than the third reference differential of the selected
probe (e.g., (p>,—p..)>(ps,—P.. ). If the second reference
differential 1s greater than the third reference diflerential of
the selected probe, then the controller advances from step
770 to step 775, where the controller determines a second
rotational differential (e.g., p,.-p..) between the first facet
pressure (e.g., p, ) and the third facet pressure (e.g., p,,) of
the selected probe. The controller may determine a third
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rotational differential (e.g., p, .-p,.) between the second facet
pressure (€.g., p»,,) and the third facet pressure (e.g., p,,,) of
the selected probe. Method 700 then advances to step 780.

[0088] At step 780, the controller determines angular
coeflicient k by dividing the second reference ditferential of
the selected probe by the second rotational differential
(Py—D2.)/P>.—P4.)- In certain embodiments, the controller
may determine angular coeflicient k| by dividing the second
reference differential of the selected probe by the third
rotational differential (p,.—p;.)/pP-.—P..). The selection of
whether to use the second or third rotational differential at
step 780 may be arbitrary. Method 700 then advances from
step 780 to step 785, where the controller calculates wind
velocity V_ using the following formula: V=K *sqrt((p,.—
p.. )/ p. Method 700 then advances from step 785 to step 798,
where method 700 ends.

[0089] At step 770, if the controller determines that the
second reference differential 1s not greater than the third
reference differential of the selected probe (e.g., (p,,—p..,)
>(Ps,~D4,)), then the controller advances from step 770 to
step 790, where the controller determines a fourth rotational
differential (e.g., p;.-p-.) between the third facet pressure
(e.g., p;.) and the second facet pressure (e.g., p,.) of the
selected probe. Method 700 then advances to step 795.

[0090] At step 795, the controller determines angular
coeflicient k , by dividing the third reference differential of
the selected probe by the fourth rotational differential (p; —
Do )V Pa—Pa.). Method 700 then advances from step 793 to
step 796, where the controller calculates wind velocity V
using the {following formula: V =K *sqrt((p,.—p..)V/p.
Method 700 then advances from step 796 to step 798, where
method 700 ends.

[0091] As such, method 700 compares pressure difleren-
tials between each facet pressure and a reference pressure of
a probe to determine an approximate wind direction. These
pressure differentials are called reference differentials. A
rotational differential, which 1s a pressure differential
between various facet pressures, 1s divided by the selected
reference differential to determine the angular coeflicient.
The angular coeflicient 1s functionally related to the wind
angle. The wind angle 1s in turn functionally related to the
velocity calibration coeflicient, which 1s used to determine
wind velocity. The wind velocity 1s relative to the vehicle
upon which the probe 1s attached.

[0092] Each probe 1s calibrated prior to determiming wind
velocity. One or more facets of each probe may be calibrated
separately over a predetermined wind angle range. For
example, facets 1a, 2a, and 3a of probe 130q of FIG. 6 may
be calibrated to cover a range of O degrees to 180 degrees of
wind angle. Each probe 1s inserted into a wind tunnel and
rotated relative to the flow direction. Probe calibration 1s
performed at one or more wind tunnel velocities (e.g., 50
miles per hour). Pressure differentials are read for all test
points prior to processing. Calibration wind velocities are
selected 1n relation to one or more purposes of the system.
For example, 1t the purpose of the system 1s to prevent wind
induced tip-overs of a railroad car, then the calibration may
be performed at the lowest wind speed capable of tipping an
empty railroad car.

[0093] When all data are taken, an analyst calibrates the
data. Data received from the wind tunnel system are used to
associate the known wind angles with measured pressure
differentials for each facet with a port. The calibration of
cach face extends a certain amount (e.g., one point) beyond

Jun. 17, 2021

the determined limits. Each facet with a port 1s calibrated
separately. Fach calibration 1s a curve fit of the parameters
calculated from data taken in the wind tunnel. A human (e.g.,
an analyst) or a machine (e.g., a processor) may calibrate the
wind tunnel data.

[0094] The relative wind angle and wind speed measured
directly by the probe will differ from the actual relative wind
angle and direction due to the presence of the body of the
vehicle (e.g., the locomotive body.) A correlation between
measured wind speed and wind direction (1.e., wind speed
and wind direction at the probe location) versus actual
relative wind speed and direction (1.e., wind speed and
direction relative to the vehicle as a whole) 1s determined.
The preliminary body correction may be determined using a
CFD model, one or more lookup tables, etc. The preliminary
body correction may be different for each vehicle type and
cach probe position.

[0095] The method for determining the preliminary body
correction may be tested using a specially instrumented test
vehicle (e.g., locomotive) to validate and/or improve the
preliminary body correction. This correction may then be
considered valid for every vehicle of that specific model
unless probe locations change.

[0096] Modifications, additions, or omissions may be
made to method 700 depicted m FIGS. 7A and 7B. For
example, method 700 may determine facet pressures for
more or less than two probes. As another example, method
700 may determine more or less than three facet pressures
and one reference pressure for each probe. As still another
example, method 700 may modily step 730 to determine
pressure differential (p,,-p,,,) 1n place of or in addition to
(P5,-D>,). Method 700 may include more, fewer, or other
steps. For example, step 710 and step 715 may be eliminated
such that the controller determines differential pressures
without determining individual facet pressures. Steps may
be performed in parallel or 1n any suitable order. While
discussed as specific components completing the steps of
method 700, any suitable component may perform any step

of method 700.

[0097] FIG. 8 illustrates a commumnications system 800
that may be used by system 100 of FIG. 1. Communications
system 800 includes probe 130qa, probe 1305, controller 140,
pressure lines 810, transducers 820, a data acquisition sys-
tem 840, a processor 850, atmospheric pressure device 860,
a temperature device 862, a compass 864, a Global Posi-
tioning System (GPS) device 866, a locomotive computer

870, a display 880, and a network 890.

[0098] Probe 130q and probe 1305, which are described

above 1 FIG. 1, are coupled to a vehicle (e.g., locomotive
110 of FIG. 1) and used to measure wind velocity relative to
the vehicle. Probe 130a directly outputs four pressures
associated with ports 1a, 2a, 3a, and 4a of probe 130a. Probe
13056 directly outputs four pressures associated with ports
156, 26, 3b5, and 4b of probe 1305. Controller 140, which 1s
described above i FIG. 1, may include transducers 820,
data acquisition system 840, and processor 850.

[0099] Pressure lines 810 include four pressure lines 1a,
2a, 3a, and 4a coupled (e.g., hard wired) to probe 130a and
four pressure lines 15, 26, 35, and 4b coupled (e.g., hard
wired) to probe 130b. Pressure lines 1a, 2a, 3a, and 4a are
routed from ports 1a, 2a, 3a, and 4a, respectively, of probe
1304 to transducers 820. Pressure lines 15, 25, 35, and 45 are
routed from ports 15, 2b, 35, and 4b, respectively, of probe
1305 to transducers 820. Pressure lines 810 may be routed
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through a base of each probe 130a and 1305 and through a
hole 1n the roof of the vehicle (e.g., locomotive 110 of FIG.
1). In certain embodiments, pressure lines 810 may be
routed through openings (e.g., windows and/or vents) of the
vehicle.

[0100] Pressure lines 810 may be plumbed into a set of
cleven transducers 820. Transducers 820 of communications
system 800 are mstruments that measure diflerential pres-
sure. Transducers 820 may be diflerential pressure transduc-
ers, gauges, sensors, differential pressure transmitters,
capacitive pressure transducers, digital output pressure
transducers, voltage/current output pressure transducers, a
combination thereof, and/or any other suitable device for
measuring diflerential pressure. Transducers 820 may sense
a difference in pressure between two ports of probes 130a
and/or 1306 and generate an output signal.

[0101] Transducers 820 include the {following eleven
transducers: 821, 822, 823, 824, 825, 826, 827, 828, 829,
830, and 831. Transducer 821 measures a dlf erential pres-
sure (e.g., first reference differential (p, -p,.) of FIG. 7TA)
between ports 1la and 4a of probe 130a; transducer 822
measures a differential pressure (e.g., rotational differential
(p,.-D>.) of FIG. 7A) between ports 1a and 2a of probe
130a; transducer 823 measures differential pressure (e.g.,
second reference diflerential (p,_-p. ) of FIG. 7A) between
ports 2a and 4a of probe 130a; transducer 824 measures
differential pressure (e.g., rotational differential (p,.-p5.) of
FIG. 7B) between ports 2a and 3a of probe 130a; transducer
825 measures differential pressure (e.g., third reference
differential (p,_-p,,) of FIG. 7B) between ports 3a and 4a of
probe 130q; transducer 826 measures diflerential pressure
(e.g., first reference differential (p,,-p,,) of FIG. TA)
between ports 156 and 4b of probe 13056, transducer 827
measures differential pressure (e.g., rotational differential
(p,.-D>.) of FIG. 7A) between ports 16 and 25 of probe
13056, transducer 828 measures differential pressure (e.g.,
second reference diflerential (p,,-p.,) of FIG. 7A) between
ports 26 and 46 of probe 130b; transducer 829 measures
differential pressure (e.g., rotational differential (p, -p5.) of
FIG. 7B) between ports 25 and 35 of probe 1305, transducer
830 measures differential pressure (e.g., third reference
differential (p;,-p.,) oI F1IG. 7TA) between ports 35 and 456 of
probe 13056, and transducer 831 measures differential pres-
sure (e.g., pressure differential (p,,-p,,) of FIG. TA)
between ports 2a and 26 of probe 130a and probe 1305.

[0102] FEaight pressure lines (1.e., pressure lines 1a, 2a, 3aq,
and 4a of probe 130q and pressure lines 15, 2b, 35, and 4b
of probe 1305) couple ports 1a, 2a, 3a, and 4a of probe 130q
and ports 1b, 2b, 35, and 4b of probe 1305 to eleven
transducers 820 (1.e., transducers 821 through 831.) Pressure
line 1a 1s coupled to port la of probe 130a and transducers
821 and 822. Pressure line 2a 1s coupled to port 2a and
transducers 822, 823, 824, and 831. Pressure line 3a 1s
coupled to port 3a of probe 130a and transducers 824 and
825. Pressure line 4a 1s coupled to port 4a and transducers
821, 823, and 825. Pressure line 15 1s coupled to port 16 of
probe 1306 and transducers 826 and 827. Pressure line 25 1s
coupled to port 26 and transducers 827, 828, 829, and 831.
Pressure line 35 1s coupled to port 35 of probe 130a and
transducers 829 and 830. Pressure line 45 1s coupled to port

45 and transducers 826, 828, and 830.

[0103] FEach transducer 820 1s coupled to a data acquisi-
tion system 840. Data acquisition system 840 1s a system
that samples one or more components ol communication
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system 800. Data acquisition system 840 may convert one or
more signals recerved from one or more components of
communication system 800 to one or more digital signals.
Data acquisition system 840 may sample one or more
transducers 820, atmospheric pressure device 860, tempera-
ture device 862, compass 864, GPS 866, a combination
thereof, or any other component of communication system
800. Data acquisition system 840 may receive signals from
one or more components of a vehicle (e.g., locomotive 110
of FIG. 1) such as track speed and curve information. Data
acquisition system 800 may convert the received signals to
digital signals. These digital signals may be processed by
processor 830 to calculate wind speed and wind angle
relative to the vehicle. The processed data may be presented
to an engineer (€.g., a locomotive engineer). The processed
data may be available for mput 1nto electronics associated
with the vehicle.

[0104] Data acquisition system 840 1s coupled to proces-
sor 850. Processor 850 controls certain operations of com-
munications system 800 by processing information recerved
from one or more components (e.g., transducers 820) of
communications system 800. Processor 850 communica-
tively couples to one or more components of system 800.
Processor 850 may include any hardware and/or software
that operates to control and process information. Processor
850 may be a programmable logic device, a microcontroller,
a microprocessor, any suitable processing device, or any
suitable combination of the preceding. Processor 850 may
be included in controller 140 of communication system 800.
Alternatively, processor 850 may be located externally to
controller 140, such as 1n a cloud computing environment.
Processor 850 may be located 1n any location suitable for
processor 850 to commumnicate with one or more compo-
nents of communications system 800.

[0105] Atmospheric pressure device 860 1s a device used
to measure atmospheric pressure. Atmospheric pressure
device 860 may be an electronic instrument that stores
atmospheric pressure on a computer. Atmospheric pressure
device 860 may be a barometer (e.g., a mercury or aneroid
barometer), a barometric sensor (e.g., a barometric air
pressure sensor), a manometer, a combination of the pre-
ceding, or the like. Atmospheric pressure device 860 may be
located internally or externally to controller 140. Atmo-
spheric pressure device 860 may be coupled to the vehicle
associated with communication system 800.

[0106] Temperature device 862 1s a device used to mea-
sure outside temperature. Temperature device 862 may be a
temperature sensor (e.g., a mechanical or an electrical tem-
perature sensor). Temperature device 862 may be located
near probe 130a and/or 130b6. For example, temperature
device 862 may be physically attached to probe 130a or
probe 130b. As another example, temperature device 862
may be located within a predetermined distance (e.g., one

foot) of probe 130a or probe 1305b.

[0107] Processor 850 may determine air density using an
atmospheric pressure value as measured by atmospheric
pressure device 860 and an outside temperature value as
measured by temperature device 862. Air density 1s equal to
atmospheric pressure divided by outside temperature and the
gas constant for air. Air density may be calculated using one
or more principles of perfect gas law. Air density may be
used to determine wind velocity relative to the vehicle
associated with communication system 800, as 1llustrated 1n

FIGS. 7A and 7B above.
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[0108] Compass 864 of communication system 800 1s a
device used to determine geographic direction. Compass
864 may be a standard magnetic compass, a diflerential
compass, an electronic compass, a magnetometer, a gyro-
compass, a combination thereof, or any other suitable device
used to determine geographical direction. Compass 864 may
include one or more electronic sensors. Compass 864 may
be configured to switch to a differential mode when compass
864 recaches a predetermined speed. In differential mode,
compass 864 may use GPS to periodically record the posi-
tion of compass 864. Compass 864 may compare positions
to determine a direction of a vehicle (e.g., locomotive 110 of
FIG. 1) and/or to indicate the current bearing of the vehicle.
Compass 864 may be mtegrated with GPS device 866.

[0109] GPS device 866 1s a device that receives mforma-
tion from GPS satellites and uses this information to calcu-
late the geographical position of GPS device 866. GPS
device 866 may display the position on a display of GPS
device 866. GPS device 866 may display the position on a
map. GPS device 866 may determine one or more directions
of a vehicle (e.g., locomotive 110 of FIG. 1) using infor-
mation from compass 862. One or more components of
system 800 may store time-histories of the readings of GPS
device 866 to determine direction. GPS device 866 may be
integrated with compass 862.

[0110] Locomotive computer 870 1s a computer on-board
a vehicle (e.g., locomotive 110 of FIG. 1) that performs
logical control of the vehicle. Locomotive computer 870
may receive signals (e.g., digital and/or analog inputs) from
one or more components (€.g., one or more MmiCroproces-
sors) of the vehicle. Locomotive computer 870 may perform
diagnostics, such as checking for abnormalities in the opera-
tion of the vehicle. Processor 850 may query locomotive
computer 870 to gather the mmformation from one or more
databases (e.g., a track database) stored on a network (e.g.,
a network of a railroad). Locomotive computer 880 1is
located on-bound the vehicle. Locomotive computer 870
may report information (e.g., a type or location of an actual
or potential misfunction) to display 880. Locomotive com-
puter 880 may include one or more components of the
computer of FIG. 12.

[0111] Duasplay 880 1s a visual device that visually com-
municates information to an operator of a vehicle. Display
880 may communicate information including wind direction
relative to the vehicle, wind speed relative to the vehicle,
potential wind-induced tip-over information, information
related to track conditions, alarms, instructions, and the like.
Display 880 may communicate information that allows the
engineer of the vehicle to make decisions. For example,
display 880 may visually display instructions that alert the
engineer of a potential tip-over so that the engineer can
reduce the speed of the vehicle.

[0112] One or more components of communications Sys-
tem 800 may be connected by a network 890. Network 890
may be any type of network that facilitates communication
between components of system 800. One or more portions
of network 890 may include Center for Transportation
Analysis (CTA) Railroad Network. Although this disclosure
shows network 890 as being a particular kind of network,
this disclosure contemplates any suitable network. One or
more portions of network 890 may include an ad-hoc

network, an intranet, an extranet, a virtual private network
(VPN), a local area network (LAN), a wireless LAN

(WLAN), a wide area network (WAN), a wireless WAN
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(WWAN), a metropolitan area network (MAN), a portion of
the Internet, a portion of the Public Switched Telephone
Network (PSTN), a cellular telephone network, a 3G net-
work, a 4G network, a 5G network, a Long Term Evolution
(LTE) cellular network, a combination of two or more of
these, or other suitable types of networks. One or more
portions of network 890 may include one or more access
(e.g., mobile access), core, and/or edge networks. Network
890 may be any communications network, such as a private
network, a public network, a connection through Internet, a
mobile network, a WI-FI network, a Bluetooth network, etc.
Network 890 may include one or more network nodes.
Network nodes are connection points that can receive,
create, store, and/or transmit data throughout network 890.
Network 890 may include cloud computing capabilities.
One or more components of system 800 may communicate
over network 890. For example, controller 140 and/or loco-
motive computer 870 may communicate over network 890
to receive information from one or more databases (e.g., a
track database) stored on network 890.

[0113] Although FIG. 8 illustrates a particular arrange-
ment of probes 130, controller 140, pressure lines 810,
transducers 820, data acquisition system 840, processor 850,
atmospheric pressure device 860, temperature device 862,
compass 864, GPS device 866, locomotive computer 870,
display 880, and network 890, this disclosure contemplates
any suitable arrangement of probes 130, controller 140,
pressure lines 810, transducers 820, data acquisition system
840, processor 850, atmospheric pressure device 860, tem-
perature device 862, compass 864, GPS device 866, loco-
motive computer 870, display 880, and network 890. The
clements of communication system 800 may be 1mple-
mented using any suitable combination of hardware, firm-
ware, and software. For example, the elements of commu-
nication system 800 may be implemented using one or more
components of the computer system of FIG. 12.

[0114] Modifications, additions, or omissions may be
made to communications system 800 depicted in FIG. 8.
Communications system 800 may include more, fewer, or
other components. For example, communications system
800 may include more or less than two probes 130, more or
less than three ports per probe 130, and/or more or less than
cleven transducers 820. One skilled 1n the art would recog-
nize that an embodiment utilizing a different number of
probes and/or ports than illustrated 1n communication sys-
tem 800 of FIG. 8 may change the number of pressure lines
810 and/or transducers 820. As another example, compass
864 and GPS device 866 may be a single device.

[0115] FIGS. 9A-9F show CFD simulations used to inves-
tigate certain components of system 100 of FIG. 1. FIG. 9A
shows a CFD model domain used to investigate components
of system 100 of FIG. 1 and FIG. 9B shows a train used 1n
the CFD model domain of FIG. 9A. FIG. 9C shows a plan
view ol a simulated airflow around the train of FI1G. 9B, FIG.
9D shows a front view of a simulated airflow around the

train of FIG. 9B, and FIG. 9E shows a perspective view of
a simulated airflow around the train of FIG. 9B. FIG. 9F

shows a top view of a simulated airflow around a probe of
FIG. 9E.

[0116] FIG. 9A illustrates a CEFD model domain 900 used
to 1vestigate system 100 of FIG. 1. Specifically, CFD
domain 900 illustrates the modeling parameters used to
simulate airtlow around an object. CFD domain 900 is a
volume in which an airtlow takes place. CFD domain 900
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may be created on any suitable computing device (e.g., a
desktop computer, a laptop computer, a smartphone, a tablet,
etc.) using any suitable CFD software. CFD domain 900
may be constructed around a geometry of a solid object,
such as a locomotive, a railroad car, an automobile, a truck,
a car, a bus, an aircraft, a shipping vessel, and the like. In the
illustrated embodiment of FIG. 9A, the solid object 1s train
910. CFD domain 900 may be constructed by forming a box
920 or any other suitable shape around the geometry such
that the object 1s contained within box 920. In the 1llustrated
embodiment of FIG. 9A, box 920 1s 360 feet wide, 360 feet
long, and 185 feet high (1.e., 185 feet above railroad track
930). The flow domain for the external flow analysis may be
calculated by subtracting the geometry from the volume of
box 920. In the illustrated embodiment, CFD domain 900
uses 63,000,000 computational cells concentrated around
train 910.

[0117] FIG. 9B 1illustrates train 910 used in CFD domain
900 of FIG. 9A. Train 910 includes locomotives 110 of FIG.
1 and railroad cars 930. Locomotives 110 include locomo-
tive 110a and locomotive 11056. In the 1illustrated embodi-
ment, locomotive 110a and locomotive 1104 are each an
Electro Motive Division (EMD) SD70M locomotive, which
1s a type of 4,000 hp six-axle diesel locomotive. Locomo-
tives 110 are situated on a single track 112 having a 3-foot
berm with 30-degree slopes.

[0118] FIG. 9B shows a wind angle 940 relative to train
910. As illustrated, a O-degree wind angle may be applied
perpendicular to and toward a front end 114 of tramn 910
(e.g., Iront end 114 of locomotive 110a) such that the applied
wind 1s parallel to the sides of tramn 910 and 1n a direction
from front end 114 to rear end 113 of train 910. A 180-degree
wind angle may be applied perpendicular to and toward a
rear end 113 of train 910 such that the applied wind 1s
parallel to the sides of train 910 and 1n a direction from rear
end 113 to front end 114 of train 910. A 90-degree wind
angle may be applied perpendicular to a side of train 910.
Wind angle 940 may be applied to train 910 at any angle
ranging from zero to 360 degrees.

[0119] FIG. 9C 1illustrates a plan view 950 of a simulated
airtlow around train 910 of FIG. 9B as used in CFD domain
900 of FIG. 9A. FIG. 9C shows an airflow path around train
910. Train 910 includes locomotives 110 (i.e., locomotives
1104 and 1105) and railroad cars 930. Locomotives 110 and
railroad cars 930 are blufl bodies from an aerodynamic
perspective. The simulated wind speed in CFD domain 900
1s 50 miles per hour with an angle of 45 degrees relative to
a longitudinal axis of train 910. In the 1llustrated embodi-
ment of FIG. 9C, plan view 950 1s taken 2.70 meters above
railroad tracks 112 of FIG. 9A. The simulated wind speed in

CFD domain 900 generates airtlow path-lines 955.

[0120] As illustrated by air flow path-lines 955 1n FI1G. 9C,
air passes around locomotives 110. The air 1s unable to
remain attached to train 910 and instead slides across the
body of each locomotive 110 and each railroad car 930. Air
flow path-lines 950 separate (1.e., detach) from the body of
cach locomotive 110 and each railroad car 930. As air flow
separates from the body of train 910 and re-attaches at a
region further downwind of traimn 910, one or more separa-
tion zones 970 may form. If a probe (e.g., probe 130 of FIG.
1) sits in separation zone 970, the probe may be unable to
accurately measure wind velocity. One or more probes used
to measure wind velocity may be located outside of sepa-
ration zones 970 under any possible wind angle (1.e., zero to

Jun. 17, 2021

360 degrees.) Probes may be located outside of one or more
separation zones 970 at some wind angles and within one or
more separation zones 970 at other wind angles. The loca-
tions of probes 130 1n FIG. 1 satisiy the requirements of at
least one probe located outside of separations zones 970 by
locating first probe 130a and second probe 13056 on opposite
sides of locomotive 110. Each probe 130a and 13056 of FIG.
1 can measure wind angles over a range of zero to 180
degrees.

[0121] FIG. 9D illustrates a front view 960 of a simulated
airflow around train 910 of FIG. 9B as used in CFD domain
900 of FIG. 9A. Front view 960 1s cut through locomotive
110a of train 910. Specifically, front view 960 1s cut through
the locations of probes 130a and 13054 attached to locomo-
tive 110 as illustrated 1n FIG. 1. Air flow path-lines 965 are
generated 1 result of a simulated wind speed in CFD
domain 900 of FIG. 9A of 50 miles per hour with an angle
of 45 degrees relative to a longitudinal axis of locomotive
110a. This model was taken to investigate the locations of
probe 130q and probe 1305 of FIG. 1. Based on this model,
a determination was made that the probes should be located
such that at least one probe penetrates 1nto the air velocity
field at every possible wind angle. As previously discussed

in FIG. 3, all probes should be located within the clearance
plate associated with AAR Plate M 310.

[0122] FIG. 9E illustrates a perspective view 970 of a
simulated airflow around train 910 of FIG. 9B as used 1n
CFD domain 900 of FIG. 9A. Specifically, FIG. 9E shows
simulated airflow past a probe (e.g., probe 130a of FIG. 1)
attached to locomotive 110q of train 910. Air flow path-lines
975 are generated using a simulated wind speed in CFD
domain 900 of 50 miles per hour with an angle of 45 degrees
relative to a longitudinal axis of locomotives 110. The
applied wind angle o1 45 degrees 1s applied to a first side 630
of locomotive 110a. As illustrated in FIG. 9E, air flow
path-lines 975 intersect probe 130a and circumvent probe
1306. In an embodiment where the wind i1s applied to a
second side of locomotive 110aq that 1s opposite first side 630
of locomotive 110q, air tlow path-lines 975 will intersect
probe 1306 and circumvent probe 130a. Thus, 1n certain
embodiments, two probes are used to determine airflow to
accurately account for all possible wind flow directions
(e.g., wind flow directions from O to 360 degrees).

[0123] FIG. 9F shows a top view of a simulated airtlow
around probe 130a of FIG. 9E. Air tlow path-lines 985 are
generated using a simulated wind speed 1n CFD domain 900
of FIG. 9A of 50 miles per hour with an angle of 45 degrees
relative to a longitudinal axis of locomotive 110a. As
illustrated, air flow path-lines 985 change direction as air-
flow passes probe 130a. The total velocity of the airtlow
changes as airflow passes probe 130a.

[0124] As such, FIGS. 9A-9F 1llustrate simulated airflow
around train 910 and probes 130, which may provide guid-
ance 1n determining the shape of probes 130, the placement
of probes 130 on a vehicle, and the orientation of probes 130
relative to the vehicle.

[0125] FIG. 10 illustrates an example system 1010 for
determining wind velocity relative to each railroad car of
train 910 traversing a curve 1050 of track 112. System 1010
includes train 910, track 112, probes 130, and controller 140.
Train 910 includes locomotive 110q, railroad car 930q, and
railroad car 93056. Probes 130 are located on locomotive
110a of train 910. System 1010 or portions thereof may be
associated with an entity, which may include any entity, such
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as a business, company (€.g., a rallway company, a trans-
portation company, etc.), or a government agency (e.g., a
department of transportation, a department of public safety,

etc.). The elements of system 1010 may be implemented
using any suitable combination of hardware, firmware, and

soltware. For example, the elements of system 1010 may be

implemented using one or more components of the computer
system ol FIG. 12.

[0126] Track 112 of system 1010 includes an inner rail
1020 and an outer rail 1030. A centerline of track 112 1is

located at a midpoint between nner rail 1020 and outer rail
1030 of track 112. Track 112 includes curve 1050. Curve

1050 1s a section of track 112 that deviates from being
straight along all or some of 1ts length. Radius 1060 of curve
1050 1s a distance from a point 1062 along centerline 1040
of curve 1050 to a point 1064 at a center of an 1imaginary
circle 1066 encompassing curve 1050. Locomotive 110a,
railroad car 930q, and railroad car 9305 of train 910 traverse

curve 1050 of track 112.

[0127] As train 910 traverses curve 1050 of track 112, a
heading of each car (i.e., locomotive 110gq, railroad car 930aq,
and railroad car 9305b) of train 910 traversing curve 1050
differs with position of each car on curve 1050. As such,
relative wind speed and wind direction for each car also
differs with position of each car on curve 1050. Accurately
determining wind speed and wind direction relative to each
car on curve 1050 may prevent wind-induced tip-over of one
or more cars of train 910.

[0128] Wind speed and wind direction relative to railroad
car 930a and railroad car 9305 of train 910 may be deter-
mined using the wind speed and wind direction relative to
locomotive 110a. Wind speed and wind direction relative to
locomotive 110a may be determined using wind pressure
values received from probes 130. Wind speed and wind
direction relative to locomotive 110aq may be determined 1n
accordance with method 700 of FIG. 7. Controller 140 may
calculate an absolute wind speed and absolute wind direc-
tion relative to ground using the following information:
wind speed and wind direction relative to locomotive 110aq,
a track speed, and/or a compass (e.g., an electronic compass,
a magnetic compass, a differential compass, a magnetoms-
eter, a gyrocompass, etc.). For example, controller 140 may
receive one or more readings from a compass (€.g., compass
864 of FIG. 8) to determine true North direction relative to
ground. Controller 140 may then determine absolute wind
speed and wind direction relative to the compass reading.
Once an orientation of a given car i train 910 1s known,
wind velocity relative to the given car can be calculated.

[0129] Controller 140 may receive a track speed from one
or more components of train 910 (e.g., locomotive computer
870 of FIG. 8). Track speed 1s typically measured on
standard locomotives. All cars of train 910 will have the
same track speed regardless of the heading of each indi-
vidual car. If the cars of train 910 are still, the relative wind
speeds for all cars are the same, although the wind angle 1s
different. IT train 910 1s moving, then the relative wind
velocity vector (based on relative wind speed and direction)
1s added to the velocity vector (based on ground speed and
track direction) of locomotive 110a using vector addition to
calculate an absolute wind velocity vector. The absolute
wind velocity vector 1s then added, using vector addition, to
the velocity vector (which has the same train speed but a
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different direction) of railroad car 930a or 9305 to determine
the relative wind velocity vector for railroad car 930a or
930b, respectively.

[0130] Controller 140 of system 1010 may determine wind
speed and wind direction relative to railroad car 930a and
9305 of train 910 using a curve-correction method. Control-
ler 140 may determine radius 1060 of curve 1050, a bend
angle 1070 of curve 1050 between a front end and a back end
of tramn 910, and a length 1080 of train 910. Train length
1080 1s measured along centerline 1040 of track 112 from a
front end of locomotive 110a to a rear end of railroad car
930b6. Controller 140 may use radius 1060, bend angle 1070,
and train length 1080 to calculate a range of wind angles by
calculating a relative angle between locomotive 110q and
the last car of train 910 (1.e., railroad car 9305). An inter-
action between locomotive 110a and an electronic map may
be utilized to calculate the range of wind angles. The range
of wind angles may be overestimated by a predetermined
value or percentage since this curve-correction method may
only be accurate when entire train 910 1s on curve 1050.

[0131] Controller 140 may utilize an advanced variation of
the curve-correction method described above. The advanced
method requires specific geometric track information based
on track geometry, a location of locomotive 110aq, and
information associated with train 910. By calculating a
specific orientation of each car of train 910, wind speed and
wind direction may be determined relative to each car of
train 910. Controller 140 may communicate the relative
wind speed and direction along with a car type and a car
weight for one or more cars of train 910 to a speed restriction
system. The speed restriction system may determine
advanced predictions of wind-induced tip-over for one or
more cars of train 910.

[0132] Track information may include geometry of track
112, a location of locomotive 110a on track 112, a location
of railroad car 930a on track 112, and/or a location of
railroad care 9306 on track 112. Controller 140 may obtain
track information from a track database. For example,
controller 140 may obtain track information from a track
database stored on network 890 of communication system
800 of FIG. 8. Controller 140 may determine track infor-
mation by querying a computer associated with train 910 to
collect track information from the track database. Controller
140 may determine track information by storing time-
histories of readings from a compass, storing track speed,
and integrating headings for each car on train 930. Control-
ler 140 may determine track information by storing time-
histories of GPS data to diflerentiate heading for each car of
train 910.

[0133] In operation, controller 140 determines a wind
direction and a wind speed relative to locomotive 110a using
wind pressure measurements from probes 130. Locomotive
110a, railroad car 930q, and railroad car 93054 are located on
curve 1050 of track 112. Controller 140 calculates an
absolute wind direction and an absolute wind speed relative
to ground using the wind direction and wind speed relative
to locomotive 110q, a ground speed, and a vehicle direction
of locomotive 110a. Controller 140 calculates a wind direc-
tion and a wind speed relative to railroad car 930a and
relative to railroad car 9305 using the absolute wind direc-
tion, the absolute wind speed, the ground speed, and a
vehicle direction for railroad car 930b.

[0134] Although FIG. 10 illustrates a particular arrange-
ment of track 112, probes 130, controller 140, and train 910,
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this disclosure contemplates any suitable arrangement of
track 112, probes 130, controller 140, and train 910.
Although FIG. 10 1illustrates a particular number of loco-
motives 110, tracks 112, probes 130, controllers 140, trains
910, and railroad cars 930, this disclosure contemplates any
suitable number of locomotives 110, tracks 112, probes 130,
controllers 140, trains 910, and railroad cars 930. For
example, train 910 may include more or less than one
locomotive 110a and/or more or less than two railroad cars
930a and 9306. One or more components of system 1010
may be implemented using one or more components of the
computer system of FIG. 12.

[0135] Modifications, additions, or omissions may be
made to system 1010 depicted 1n FIG. 10. System 1010 may
include more, fewer, or other components. For example,
train 910 of system 1010 may be replaced with any suitable
component used for transportation such as one or more
automobiles, buses, trucks, aircraits, shipping vessels, and
the like. As another example, track 112 of system 1010 may
be any suitable shape.

[0136] FIG. 11 illustrates an example method 1100 for
determining wind velocity for multiple vehicles traversing a
curve ol a track. Method 110 begins at step 1105. At step
1110, a controller (e.g., controller 140 of FIG. 1) determines
a first wind direction relative to a first vehicle (e.g., loco-
motive 110 of FIG. 1). The first vehicle 1s moving along a
curve of a track. At step 1115, the controller determines a
first wind speed relative to the first vehicle. The controller
may receive one or more wind pressures {from one or more
probes coupled to the first vehicle and determine the first
wind direction and the first wind speed using the one or more
received wind pressures. The controller may determine the
first wind direction and the first wind speed using method

700 of FIGS. 7A and 7B. Method 1100 then advances to step
1120.

[0137] At step 1120, the controller calculates, 1n real-time,
an absolute wind direction relative to ground using the wind
direction relative to the first vehicle. At step 1125, the
controller calculates, 1n real-time, an absolute wind speed
relative to ground using the wind speed relative to the first
vehicle. The controller may calculate the absolute wind
direction and absolute wind speed of the first vehicle using
a ground speed and a direction of the first vehicle. The
controller may calculate absolute wind direction and abso-
lute wind speed of the first vehicle using one or more
readings from a compass onboard the first vehicle.

[0138] At step 1130, the controller calculates a second
wind direction relative to a second vehicle (e.g., railroad car
930a or railroad car 9306 of FIG. 10) using the absolute
wind speed and direction calculated in step 1120 along with
a ground speed and direction for the second vehicle. The
second vehicle 1s any vehicle attached to the first vehicle that
1s moving along the curve of the track. At step 1135, the
controller calculates a second wind speed relative to the
second vehicle using the absolute wind speed calculated 1n
step 1125. The controller may calculate the absolute wind
direction and absolute wind speed of the second vehicle
using the ground speed and a direction of the second vehicle.

[0139] The controller may calculate the second wind
speed using an orientation of the second vehicle. The
orientation of the second vehicle may be calculated using
track information such as track geometry, a location of the
first vehicle on the track, and a location of the second vehicle
on the track. The controller may calculate the second wind
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speed using a relative angle between the first vehicle and a
last vehicle on the track. The controller may calculate the
relative angle using an overall length of the connected
vehicles, a bend radius of the track, and a bend angle of the

track. Method 1100 then advances to step 1140.

[0140] At step 1140, the controller may determine whether
the second vehicle has potential for wind-induced tip-over.
Controller may determine whether the second vehicle has
potential for wind-induced tip-over based on the second
wind direction, the second wind speed, vehicle type infor-
mation for the second vehicle (e.g., a height, width, and/or
length of the second vehicle), and/or a weight of the second
vehicle.

[0141] If the controller determines that the second vehicle
does not have potential for wind-induced tip-over, method
1100 advances to step 1150, where method 1100 ends. If the
controller determines that the second vehicle has potential
for wind-induced tip-over, method 1100 advances to step
1145, where the controller triggers an alarm.

[0142] Triggering the alarm may send one or more signals
(e.g., a verbal or written message) to an operator of the first
vehicle. For example, triggering the alarm may send a
message to an operator of a locomotive via a locomotive
display (e.g., display 880 of FIG. 8) to decrease the speed of
the locomotive. In certain embodiments, triggering the alarm
may 1nitiate one or more automated actions (e.g., decreasing
the speed of the vehicle and/or activating a siren). Method
1100 then advances from step 11435 to step 1150, where
method 1100 ends.

[0143] Modifications, additions, or omissions may be
made to method 1100 depicted in FIG. 11. For example,
method 1100 may include calculating the potential tip-over
for multiple railroad cars of a train. Method 1100 may
include more, fewer, or other steps. Steps may be performed
in parallel or 1n any suitable order. While discussed as
specific components completing the steps of method 1100,
any suitable component may perform any step of method
1100. For example, at step 1140, a speed restriction system
rather than the controller may determine whether the second
vehicle has potential for wind-induced tip-over.

[0144] FIG. 12 shows an example computer system that
may be used by the systems and methods described herein.
For example, one or more components of system 100 of FIG.
1 may include one or more interface(s) 1210, processing
circuitry 1220, memory(ies) 1230, and/or other suitable
clement(s). Interface 1210 (receives input, sends output,
processes the input and/or output, and/or performs other
suitable operation. Interface 1210 may comprise hardware
and/or software.

[0145] Processing circuitry 1220 (e.g., processor 8350 of
FIG. 8) performs or manages the operations of the compo-
nent. Processing circuitry 1220 may include hardware and/
or software. Examples of a processing circuitry include one
Or more computers, one or Mmore miCroprocessors, one or
more applications, etc. In certain embodiments, processing
circuitry 1220 executes logic (e.g., mstructions) to perform
actions (e.g., operations), such as generating output from
input. The logic executed by processing circuitry 1220 may
be encoded 1n one or more tangible, non-transitory computer
readable media (such as memory 1230). For example, the
logic may comprise a computer program, software, com-
puter executable instructions, and/or mstructions capable of
being executed by a computer. In particular embodiments,
the operations of the embodiments may be performed by one
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or more computer readable media storing, embodied with,
and/or encoded with a computer program and/or having a
stored and/or an encoded computer program.

[0146] Memory 1230 (or memory unit) stores information.
Memory 1230 may comprise one or more non-transitory,
tangible, computer-readable, and/or computer-executable
storage media. Examples of memory 1230 include computer
memory (for example, RAM or ROM), mass storage media
(for example, a hard disk), removable storage media (for
example, a Compact Disk (CD) or a Digital Video Disk
(DVD)), database and/or network storage (for example, a
server), and/or other computer-readable medium.

[0147] Although the systems and methods described
herein are primarily directed to determining wind direction
and/or wind speed relative to a train, the system and methods
described herein may be used to determine wind direction
and/or wind speed relative to any structure that may be
exposed to high winds. For example, the systems and
methods described herein may be applied to structures in the
HVAC industry, wind turbine farms, sailing vessels, tempo-
rary structure for sports facilities, festivals, and/or concerts,

and the like.

[0148] Herein, a computer-readable non-transitory storage
medium or media may include one or more semiconductor-
based or other integrated circuits (ICs) (such as field-
programmable gate arrays (FPGAs) or application-specific
ICs (ASICs)), hard disk drives (HDDs), hybrid hard drives
(HHDs), optical discs, optical disc drives (ODDs), magneto-
optical discs, magneto-optical drives, floppy diskettes,
floppy disk drives (FDDs), magnetic tapes, solid-state drives
(SSDs), RAM-drives, SECURE DIGITAL cards or drives,
any other suitable computer-readable non-transitory storage
media, or any suitable combination of two or more of these,
where appropriate. A computer-readable non-transitory stor-
age medium may be volatile, non-volatile, or a combination
of volatile and non-volatile, where appropriate.

[0149] Herein, “or” 1s inclusive and not exclusive, unless
expressly indicated otherwise or indicated otherwise by
context. Theretore, herein, “A or B” means “A, B, or both,”
unless expressly indicated otherwise or indicated otherwise
by context. Moreover, “and” 1s both joint and several, unless
expressly indicated otherwise or indicated otherwise by
context. Therefore, herein, “A and B” means “A and B,
jointly or severally,” unless expressly indicated otherwise or
indicated otherwise by context.

[0150] The scope of this disclosure encompasses all
changes, substitutions, variations, alterations, and modifica-
tions to the example embodiments described or illustrated
herein that a person having ordinary skill in the art would
comprehend. The scope of this disclosure 1s not limited to
the example embodiments described or illustrated herein.
Moreover, although this disclosure describes and 1llustrates
respective embodiments herein as including particular com-
ponents, elements, feature, functions, operations, or steps,
any of these embodiments may include any combination or
permutation of any of the components, elements, features,
functions, operations, or steps described or illustrated any-
where herein that a person having ordinary skill 1n the art
would comprehend. Furthermore, reference 1n the appended
claims to an apparatus or system or a component ol an
apparatus or system being adapted to, arranged to, capable
of, configured to, enabled to, operable to, or operative to
perform a particular function encompasses that apparatus,
system, component, whether or not 1t or that particular
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function 1s activated, turned on, or unlocked, as long as that
apparatus, system, or component 1s so adapted, arranged,
capable, configured, enabled, operable, or operative. Addi-
tionally, although this disclosure describes or illustrates
particular embodiments as providing particular advantages,
particular embodiments may provide none, some, or all of
these advantages.

1-20. (canceled)

21. A system, comprising:

one or more probes coupled to a vehicle; and

a controller, wherein the controller 1s operable to:

receive a first wind pressure measurement and a second
wind pressure measurement from the one or more
probes;

determine a pressure differential using the first wind
pressure measurement and the second wind pressure
measurement; and

determine whether the vehicle 1s susceptible to wind-
induced tip-over based at least in part on the pressure
differential.

22. The system of claim 21, wherein the controller 1s
further operable to 1nitiate an action 1n response to deter-
mining that the vehicle 1s susceptible to wind-induced
tip-over, wherein the action comprises one or more of the
following:

decrease a speed of the vehicle;

stop the vehicle;

activate a siren; and

change a direction of the vehicle.

23. The system of claim 21, wherein the one or more
probes coupled to the vehicle are located 1n compliance with
one or more Association ol American Railroads (AAR)
clearance plate diagram standards.

24. The system of claim 21, wherein:

the one or more probes comprise a first probe and a

second probe;

the first probe 1s coupled to a top surface of a front portion

of the vehicle on a first side of the top surtace;

the second probe 1s coupled to the top surface of the front

portion of the vehicle on a second side of the top
surface opposite the first side; and

at least one of the first probe and the second probe 1s

coupled to the vehicle outside of aerodynamic separa-
tion zones over 360 degrees of relative wind angles of
the vehicle.

25. The system of claim 21, wherein each of the one or
more probes 1s coupled to the vehicle by at least one of the
following:

one or more magnets;

one or more welds; and

one or more bolts.

26. The system of claim 21, wherein each of the one or
more probes 1s fixed to the vehicle such that each of the one
or more probes 1s restricted from movement independent of
the vehicle.

277. The system of claim 21, wherein the vehicle 1s one of
the following;:

a locomotive;

a railroad car;

a bus;

a truck;

an aircraft; or

a shipping vessel.

e
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28. A method, comprising;:

receiving, by a controller, a first wind pressure measure-
ment and a second wind pressure measurement from
one or more probes coupled to a vehicle;

determining, by the controller, a pressure differential
using the first wind pressure measurement and the
second wind pressure measurement; and

determining, by the controller, whether the vehicle 1s

susceptible to wind-induced tip-over based at least in
part on the pressure differential.

29. The method of claim 28, the method further compris-
ing 1nitiating, by the controller, an action in response to
determining that the vehicle 1s susceptible to wind-induced
tip-over, wherein the action comprises one or more of the
following;:

decrease a speed of the vehicle;

stop the vehicle;

activate a siren; and

change a direction of the vehicle.

30. The method of claim 28, wherein the one or more
probes coupled to the vehicle are located in compliance with
one or more Association ol American Railroads (AAR)
clearance plate diagram standards.

31. The method of claim 28, wherein:

the one or more probes comprise a first probe and a

second probe;

the first probe 1s coupled to a top surface of a front portion

of the vehicle on a first side of the top surface;

the second probe 1s coupled to the top surface of the front

portion of the vehicle on a second side of the top
surface opposite the first side; and

at least one of the first probe and the second probe 1s

coupled to the vehicle outside of aerodynamic separa-
tion zones over 360 degrees of relative wind angles of
the vehicle.

32. The method of claim 28, wherein each of the one or
more probes 1s coupled to the vehicle by at least one of the
following:

one or more magnets;

one or more welds; and

one or more bolts.

33. The method of claim 28, wherein each of the one or
more probes 1s fixed to the vehicle such that each of the one
or more probes 1s restricted from movement independent of
the vehicle.

34. The method of claim 28, wherein the vehicle 1s one of
the following:

a locomotive:

a railroad car;

a bus:

a truck;

an aircraft; or a shipping vessel.
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35. One or more computer-readable storage media
embodying instructions that, when executed by a processor,
cause the processor to perform operations comprising:

recerving a first wind pressure measurement and a second

wind pressure measurement from one or more probes
coupled to a vehicle;

determiming a pressure differential using the first wind

pressure measurement and the second wind pressure
measurement; and

determiming whether the vehicle 1s susceptible to wind-

induced tip-over based at least 1n part on the pressure
differential.

36. The one or more computer-readable storage media of
claim 35, the operations further comprising initiating an
action 1n response to determining that the vehicle 1s suscep-
tible to wind-induced tip-over, wherein the action comprises
one or more of the following:

decrease a speed of the vehicle;

stop the vehicle;

activate a siren; and
change a direction of the vehicle.

3’7. The one or more computer-readable storage media of
claim 35, wherein the one or more probes coupled to the
vehicle are located 1n compliance with one or more Asso-
ciation of American Railroads (AAR) clearance plate dia-
gram standards.

38. The one or more computer-readable storage media of
claim 35, wherein:

the one or more probes comprise a first probe and a
second probe;

the first probe 1s coupled to a top surface of a front portion
of the vehicle on a first side of the top surface;

the second probe 1s coupled to the top surface of the front
portion of the vehicle on a second side of the top
surface opposite the first side; and

at least one of the first probe and the second probe 1s
coupled to the vehicle outside of aerodynamic separa-
tion zones over 360 degrees of relative wind angles of
the vehicle.

39. The one or more computer-readable storage media of
claim 35, wherein each of the one or more probes 1s coupled
to the vehicle by at least one of the following:

one or more magnets;
one or more welds; and
one or more bolts.

40. The one or more computer-readable storage media of
claim 35, wherein each of the one or more probes 1s fixed to
the vehicle such that each of the one or more probes i1s
restricted from movement independent of the vehicle.
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