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(57) A wheel monitoring system comprising a wheel,
a bearing 100 mechanically coupled to the wheel, an axle
mechanically coupled to the bearing, and a wheel speed
transducer (WST) 304 disposed in the axle. The WST
may be configured to detect vibrations. A method of mon-
itoring a bearing is also provided and may comprise
measuring a vibration of the bearing, comparing the vi-
bration of the bearing to a predetermined vibration, and
estimating a remaining useful life of the bearing.
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Description

FIELD OF INVENTION

[0001] The present disclosure relates to aircraft wheel
bearings, and, more specifically, to systems and methods
of monitoring wheel bearing wear.

BACKGROUND

[0002] Aircraft wheels may use tapered roller bearings
to enable wheels to roll smoothly. The typical wheel bear-
ing may have a life span that is shorter than the life of
the aircraft. Thus, bearings may be replaced from time
to time. Visual inspections may be performed to evaluate
whether a bearing may be ready for replacement. How-
ever, complete replacement of the bearing may cause
slight damage to the wheel as a portion of the bearing
may be press fit into the wheel. Thus, after a limited
number of bearing replacements, the damage to the
wheel may dictate that the wheel be replaced as well.
[0003] One obstacle to preventative bearing mainte-
nance is human error and consistency. Visual inspection
quality may vary by the inspector or process used. Ad-
ditionally, some replacement bearings may be mis-
aligned upon reassembly. If misalignment goes undetec-
ted, a bearing failure may result. Bearings may fail due
to corrosion, spalling, misalignment, foreign materials,
handling damage, brinelling, lubrication, or excessive
load. If bearing failure does occur, it also may result in
permanent damage to the wheel or axle. In some instanc-
es, wheels may detach from the axle and aircraft. In the
field, undetected wheel-bearing failures frequently dic-
tate a high-cost replacement of the wheel and axle.

SUMMARY

[0004] A wheel monitoring system comprising a wheel,
a bearing mechanically coupled to the wheel, an axle
mechanically coupled to the bearing, and a vibration
monitoring device disposed in the axle. The vibration
monitoring device may be configured to detect vibrations.
[0005] In various embodiments, the vibration monitor-
ing device may comprise an accelerometer configured
to detect the vibrations. The vibration monitoring device
may also comprise a wheel speed transducer (WST). A
non-transitory memory may communicate with a control-
ler, the non-transitory memory having instructions stored
thereon that, in response to execution by the controller,
cause the controller to perform operations. The opera-
tions may include measuring the vibrations using the
WST and determining a remaining useful life for the bear-
ing in response to the vibrations measured. The opera-
tions may further comprise signaling a maintenance
event in response to the remaining useful life for the bear-
ing. The operations may also comprise measuring a tem-
perature of the bearing, and signaling a maintenance
event in response to the temperature of the bearing. A

maintenance event may be signaled by providing a visual
indicator in a cockpit or on a maintenance device such
as a handheld device or terminal, for example. The op-
erations may further comprise outputting the remaining
useful life of the bearing. The operations further comprise
measuring an amplitude of the vibrations at a predeter-
mined frequency.
[0006] A method of monitoring a bearing may comprise
measuring a vibration of the bearing, comparing the vi-
bration of the bearing to a predetermined value or spec-
tra, and estimating a remaining useful life of the bearing.
[0007] In various embodiments, the method may in-
clude measuring the vibration of the bearing and may
further include measuring an amplitude at a predeter-
mined frequency. The amplitude at the predetermined
frequency may be compared to a baseline amplitude at
the predetermined frequency. The baseline amplitude at
the predetermined frequency may be representative of
a spent bearing. The method may further include signal-
ing a maintenance event in response to the amplitude at
the predetermined frequency exceeding a threshold val-
ue. A temperature of the bearing may be measured.
Measuring the vibration of the bearing may comprise
measuring the vibration of the bearing using an acceler-
ometer.
[0008] The foregoing features and elements may be
combined in various combinations without exclusivity,
unless expressly indicated otherwise. These features
and elements as well as the operation thereof will become
more apparent in light of the following description and
the accompanying drawings. It should be understood,
however, the following description and drawings are in-
tended to be exemplary in nature and non-limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The subject matter of the present disclosure is
particularly pointed out and distinctly claimed in the con-
cluding portion of the specification. A more complete un-
derstanding of the present disclosure, however, may best
be obtained by referring to the detailed description and
claims when considered in connection with the figures,
wherein like numerals denote like elements.

FIG. 1 illustrates a wheel bearing for an aircraft
wheel, in accordance with various embodiments;
FIG. 2 illustrates an aircraft on the ground, in accord-
ance with various embodiments;
FIG. 3 illustrates a landing gear assembly on an air-
craft, in accordance with various embodiments;
FIG. 4 illustrates a graphical representation of noise
and/or vibrations detected from new and worn wheel
bearings, in accordance with various embodiments;
FIG. 5 illustrates a system for monitoring or meas-
uring wheel bearing noise, in accordance with vari-
ous embodiments;
FIG. 6 illustrates an axle telemetry unit for use a
wheel bearing to detect bearing failure, in accord-
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ance with various embodiments; and
FIG. 7 illustrates a process for detecting worn wheel
bearings, in accordance with various embodiments.

DETAILED DESCRIPTION

[0010] The detailed description of exemplary embodi-
ments herein makes reference to the accompanying
drawings, which show exemplary embodiments by way
of illustration. While these exemplary embodiments are
described in sufficient detail to enable those skilled in the
art to practice the exemplary embodiments of the disclo-
sure, it should be understood that other embodiments
may be realized and that logical changes and adaptations
in design and construction may be made in accordance
with this disclosure and the teachings herein. Thus, the
detailed description herein is presented for purposes of
illustration only and not limitation. The scope of the dis-
closure is defined by the appended claims. For example,
the steps recited in any of the method or process descrip-
tions may be executed in any order and are not neces-
sarily limited to the order presented.
[0011] Furthermore, any reference to singular includes
plural embodiments, and any reference to more than one
component or step may include a singular embodiment
or step. Also, any reference to attached, fixed, connected
or the like may include permanent, removable, tempo-
rary, partial, full and/or any other possible attachment
option. Additionally, any reference to without contact (or
similar phrases) may also include reduced contact or
minimal contact. Surface shading lines may be used
throughout the figures to denote different parts but not
necessarily to denote the same or different materials.
[0012] With reference to FIG. 1, a wheel bearing 100
is shown according to various embodiments. Wheel bear-
ing 100 may include cone 102 with rollers 104. Cone 102
may press into cup 106 to provide low-resistance rotation
for a wheel, for example. When wheel bearing 100 is new
(i.e., not worn) the wheel bearing may exhibit a certain
vibration profile, discussed in further detail below. As the
bearing wears over the course of its service life, the vi-
bration profile may change over time. Vibrations exhibit-
ing various amplitudes at various frequencies may indi-
cate that a bearing has reached the end of its service life
and should be replaced.
[0013] In various embodiments and with reference to
FIG. 2, an aircraft 108 may comprise a landing gear sys-
tem including a first main landing gear 110-1, a second
main landing gear 110-2, and a nose landing gear 120.
Nose landing gear 120 may be installed in a forward por-
tion of the aircraft fuselage (e.g., forward of the engines)
at the nose of the fuselage. First main landing gear 110-1
and second main landing gear 110-2 may be installed aft
of nose landing gear 120. First main landing gear 110-1,
second main landing gear 110-2, and nose landing gear
120 may generally support the aircraft when it is not flying,
allowing the aircraft to take off, land, and taxi without
damage. Each of the landing gear may comprise one or

more wheel bearing 100 as illustrated in FIG. 1.
[0014] In various embodiments and with reference to
FIG. 3, nose landing gear 150 may comprise a first wheel
156 and a second wheel 160 coupled to landing gear
strut 162. First wheel 156 may be operatively coupled to
a tire 154. In this regard, tire 154 may be mounted on
first wheel 156. Tire 154 may define a pressurizable
chamber between tire 154 and first wheel 156. Similarly,
a tire 158 may be mounted on and/or coupled to second
wheel 160. First wheel 156 and second wheel 160 may
operatively couple to and/or rotatably couple to an axle
assembly 152 with a wheel bearing 100 as illustrated in
FIG. 1. Axle assembly 152 may operatively couple to
landing gear strut 162.
[0015] With reference to FIG. 4 a graphical represen-
tation of vibrations in a wheel bearing is shown. Axis 208
may represent the amplitude of a vibration relative to the
frequency, as represented by axis 206. The amplitude
versus frequency plot for a normal bearing and a spent
bearing is shown. Plot 202 illustrates an exemplary vi-
bration of a normally operating bearing. The bearing may
have an amplitude peak at a specific frequency (e.g., at
1 kHz) and have nominal vibration above 6 kHz. A bearing
operating under normal conditions (i.e., with service life
remaining until repair or replacement) may exhibit a re-
peatable vibration pattern (e.g., of plot 202).
[0016] In various embodiments, plot 204 may illustrate
the vibration pattern of a worn bearing at the end of its
service life. The peak vibration at approximately 1 kHz
on plot 204 has smaller amplitude than the plot 202. As
the bearing wears, the amplitude at predetermined fre-
quencies may increase or reduce depending on the bear-
ing failure signal. The changed amplitude signifies vibra-
tion due to bearing wear. The appearance of various res-
onant frequencies signifies increased vibration in the
bearing. Thus, a system may be configured to monitor
vibration at predetermined frequencies at which the am-
plitude changes as a bearing wears. As a monitored bear-
ing begins to vibrate more like a spent bearing, the serv-
ice life may be estimated based on the frequencies and
amplitudes present.
[0017] FIG. 5 illustrates a system for monitoring or
measuring wheel bearing vibration in an aircraft, in ac-
cordance with various embodiments. The system illus-
trates an aircraft with two wheels on each of three sets
of landing gear, but other configurations are possible.
The system includes a control unit 302 (e.g., a brake
control unit or "BCU"). Control unit 302 may include a
processor and a tangible, non-transitory memory and be
capable of implementing logic. The processor may be a
general purpose processor, a digital signal processor
(DSP), an application specific integrated circuit (ASIC),
a field programmable gate array (FPGA) or other pro-
grammable logic device, discrete gate or transistor logic,
discrete hardware components, or any combination
thereof. For example, control unit 302 may receive sig-
nals generated.
[0018] In various embodiments, each wheel on the
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nose gear includes wheel speed transducer (WST) 304
electrically coupled to control unit 302 by wires 306. The
system also includes main gear components. Each main
gear wheel may have a corresponding WST 304 also
electrically coupled to control unit 302. The vibrations
and temperatures in and around a wheel bearing may be
measured by WST 304 and either processed locally at
WST 304 or sent to control unit 302 for processing.
[0019] FIG. 6 illustrates an exemplary WST 304 for
measuring wheel bearing status to communicate vibra-
tions, speeds, and/or temperatures, in accordance with
various embodiments. WST 304 includes connector 402.
Connector 402 includes external pins 404 and internal
pins 406. Internal pins are electrically connected to inter-
nal electronics. Internal electronics may include acceler-
ometer and thermometer array 414 and may house elec-
tronic devices configured to measure vibrations and tem-
peratures of nearby bearings. Accelerometer and ther-
mometer array 414 may be disposed at any location with-
in housing 412 and may make physical contact with hous-
ing 412. By pressing against housing 412, accelerometer
and thermometer array 414 may be disposed close to
the wheel bearing. In that regard, accelerometer and
thermometer array 414 may be positioned to detect vi-
brations and temperatures of the wheel bearing. Accel-
erometer and thermometer array 414 may include a re-
mote temperature sensor that makes contact with an axle
at predetermined locations to determine axle tempera-
ture.
[0020] With reference to FIG. 7, process 500 of detect-
ing worn bearings using control unit 302 and or WST 304
of system 300 in FIG. 5 is shown, in accordance with
various embodiments. The system may detect worn
bearings based on vibrations generated by the bearings.
The amplitude of vibration is measured at a predeter-
mined set of frequencies (Step 502). The amplitude of
vibration may be measured at any number of predeter-
mined frequencies to make a comparison to vibration da-
ta indicative of failure. In that regard, a non-transitory
memory in communication with or incorporated into con-
troller 302 may or WST 304 store one or more profiles
comprising predetermined vibration profiles of failed
bearings (e.g., amplitude and frequency values and/or
spectra). A profile may also be taken when a bearing is
new and bearing wear may be detected by comparing
measured bearing vibration to the baseline profile of the
new bearing. The profiles may include a method of de-
tecting worn bearings based on a comparison to the pro-
file.
[0021] In various embodiments, the system may com-
pare the measured amplitude at the predetermined fre-
quencies to a baseline amplitude at the predetermined
frequencies (Step 504). For example, the predetermined
frequencies may be 300 Hz, 700 Hz, 1 KHz, and 9 kHz.
The measured amplitude may be 20% of the baseline
amplitude at one of the predetermined frequencies. The
smaller measured amplitude may indicate that the bear-
ing has useful service life remaining.

[0022] In various embodiments, the system may esti-
mate the remaining useful life in response to the com-
parison (Step 504). Continuing the above example, the
bearing having an amplitude of 20% of the baseline am-
plitude may indicate that the bearing has more than half
of its service life remaining according to previously per-
formed and documented characterization testing. Thus,
based on the measured amplitude, the system may es-
timate that the bearing has more than 50% of its service
life remaining. The system may continue to monitor the
bearing over time. At some point, the measured ampli-
tude may indicate that the bearing may be due for service
or replacement.
[0023] In various embodiments, system 300 may then
generate a signal in response to the remaining useful life
(Step 506). The signal may indicate that service is desir-
able or that service is unnecessary within some amount
of time based on the estimated remaining useful life. Dif-
ferent types of bearings may have service lives lasting
for various durations. Similarly, different frequencies and
amplitudes may indicate failure in different types of bear-
ings.
[0024] In various embodiments, the signal may be
used to indicate to ground crews or flight crews that pre-
ventative maintenance may be appropriate. The repair
signal may result in a warning displayed in cockpit, on a
handheld device, or on a terminal to inform ground crews.
The repair signal may also be displayed in avionics in
the cockpit. In various embodiments, a worn bearing may
still operate for some time, albeit with greater risk of fail-
ure than a new bearing. In that regard, maintenance may
be delayed until the aircraft is at a convenient mainte-
nance location to change the bearing. By detecting worn
wheel bearings, system 300 may enable preventative
maintenance or planned maintenance. Worn bearings
may be replaced prior to complete failure.
[0025] Benefits and other advantages have been de-
scribed herein with regard to specific embodiments. Fur-
thermore, the connecting lines shown in the various fig-
ures contained herein are intended to represent exem-
plary functional relationships and/or physical couplings
between the various elements. It should be noted that
many alternative or additional functional relationships or
physical connections may be present in a practical sys-
tem. However, the benefits, advantages, and any ele-
ments that may cause any benefit or advantage to occur
or become more pronounced are not to be construed as
critical, required, or essential features or elements of the
disclosure. The scope of the disclosure is accordingly to
be limited by nothing other than the appended claims, in
which reference to an element in the singular is not in-
tended to mean "one and only one" unless explicitly so
stated, but rather "one or more." Moreover, where a
phrase similar to "at least one of A, B, or C" is used in
the claims, it is intended that the phrase be interpreted
to mean that A alone may be present in an embodiment,
B alone may be present in an embodiment, C alone may
be present in an embodiment, or that any combination
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of the elements A, B and C may be present in a single
embodiment; for example, A and B, A and C, B and C,
or A and B and C.
[0026] Systems, methods and apparatus are provided
herein. In the detailed description herein, references to
"various embodiments", "one embodiment", "an embod-
iment", "an example embodiment", etc., indicate that the
embodiment described may include a particular feature,
structure, or characteristic, but every embodiment may
not necessarily include the particular feature, structure,
or characteristic. Moreover, such phrases are not nec-
essarily referring to the same embodiment. Further, when
a particular feature, structure, or characteristic is de-
scribed in connection with an embodiment, it is submitted
that it is within the knowledge of one skilled in the art to
affect such feature, structure, or characteristic in connec-
tion with other embodiments whether or not explicitly de-
scribed. After reading the description, it will be apparent
to one skilled in the relevant art(s) how to implement the
disclosure in alternative embodiments.
[0027] Furthermore, the terms "comprises", "compris-
ing", or any other variation thereof, are intended to cover
a non-exclusive inclusion, such that a process, method,
article, or apparatus that comprises a list of elements
does not include only those elements but may include
other elements not expressly listed or inherent to such
process, method, article, or apparatus.

Claims

1. A wheel monitoring system, comprising:

a wheel (156);
a bearing (100) mechanically coupled to the
wheel;
an axle mechanically coupled to the bearing;
a vibration monitoring device (304) disposed in
the axle and comprising an accelerometer (414).

2. The wheel monitoring system of claim 1, wherein the
accelerometer is configured to detect vibrations.

3. The wheel monitoring system of claim 1 or 2, wherein
the vibration monitoring device comprises a wheel
speed transducer (WST).

4. The wheel monitoring system of claim 2, further com-
prising a non-transitory memory communicating with
a controller (302), the non-transitory memory having
instructions stored thereon that, in response to exe-
cution by the controller, cause the controller to per-
form operations comprising:

measuring, by the controller, the vibrations us-
ing the WST; and
determining, by the controller, a remaining use-
ful life of the bearing in response to the vibrations

measured.

5. The wheel monitoring system of claim 4, wherein the
operations further comprise generating a visual in-
dicator in a cockpit or on a maintenance device in
response to the remaining useful life of the bearing.

6. The wheel monitoring system of claim 4, wherein the
operations further comprise:

measuring, by the controller, a temperature of
at least one of the bearing and the axle; and
generating, by the controller, a signal on a main-
tenance device or in a cockpit in response to the
temperature measured by the controller.

7. The wheel monitoring system of claim 4, wherein the
operations further comprise outputting the remaining
useful life of the bearing.

8. The wheel monitoring system of claim 4, wherein the
operations further comprise measuring, by the con-
troller, an amplitude of the vibrations at a predeter-
mined frequency.

9. A method of monitoring a bearing, comprising:

measuring a vibration of the bearing;
comparing the vibration of the bearing to at least
one of a predetermined value or spectra; and
estimating a remaining useful life of the bearing.

10. The method of claim 9, wherein measuring the vi-
bration of the bearing further comprises measuring
an amplitude at a predetermined frequency.

11. The method of claim 10, further comprising compar-
ing the amplitude at the predetermined frequency to
a baseline amplitude at the predetermined frequen-
cy.

12. The method of claim 11, wherein the baseline am-
plitude at the predetermined frequency is represent-
ative of a spent bearing.

13. The method of claim 11, wherein the baseline am-
plitude at the predetermined frequency is represent-
ative of a new bearing.

14. The method of claim 9, further comprising measuring
a temperature of the bearing.

15. The method of claim 9, wherein measuring the vi-
bration of the bearing further comprises measuring
the vibration of the bearing using an accelerometer.
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