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(57) Abstract: A sensor is mounted to or embedded in a wheel hub. The
sensor node includes a power source and a sensing device that detects
and monitors at least one parameter associated with the wheel hub. The
sensor node also includes a communication module that communicates
via wireless communication signals and a processing device in commu-
nication with the sensing device and the communication module. The
processing device collects data from the sensing devices, processes the
data, and based on that processing, communicates information relating
to the wheel hub to a remote server or network. A mesh network of mul-
tiple sensor nodes can be applied to multiple different wheel hubs on
a vehicle and communicate with a central processing device. The pro-
cessing device can thus monitor performance and/ or operation of each
wheel hub.
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WHEEL HUB

RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. provisional patent application
number 62/562,094, filed on September 22, 2017, and titled “WHEEL HUB,” which is

hereby incorporated by reference in its entirety.
TECHNICAL FIELD

[0002] This application relates to sensors and sensor equipment. More specifically,
this application relates to wireless communication sensors embedded into wheel hubs for

vehicles.

BACKGROUND

[0003] A wheel hub is an automotive part used on most automotive vehicles,
including cars, passenger vehicles, and light and heavy trucks. The wheel hub houses the
wheel bearing and attaches to the brake rotor. Essentially, the wheel hub keeps the wheel
spinning while also keeping it attached to the vehicle. As such, it is important to ensure
that the wheel hub is operating efficiently and effectively to maintain proper performance
of the vehicle. Monitoring the operating parameters of the wheel hub can help ensure
continuing wheel hub performance by identifying and diagnosing potential operating
issues. However, because the wheel hub comprises many moving parts and has a location
that is often subject to harsh environmental conditions, it can be difficult to continuously

monitor wheel hub parameters using traditional sensing equipment.

SUMMARY

[0004] This application describes wheel hubs, sensors mounted to or embedded
within wheel hubs, and networks of sensors installed on wheel hubs. In one example, a

sensor attaches to (e.g., mounts to or embeds within) a wheel hub. The sensor node
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includes a power source that supplies electricity to the sensor node and its components.
The power source can include one or more of a battery, a capacitor, a generator (e.g., a
thermoelectric generator), and/or an input port. The sensor also includes a sensing
device that detects and monitors at least one parameter associated with the wheel hub.
The sensing device can include one or more of an accelerometer, a gyroscope, a
temperature sensor, a pressure sensor, and a strain sensor. The sensor node also includes
a communication module that communicates via wireless communication signals, for
example, with a remote server or network. The sensor note has a processing device in
communication with each sensing device and the communication module. The
processing device collects data from the sensing devices, processes the data, and based
on that processing, communicates information relating to the wheel hub to a remote

server or network.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Figure 1 shows a heavy truck equipped with a sensor communication in
accordance with examples described in this application.

[0006] Figure 2 is a block diagram showing the operation of a sensor node used in
accordance with examples described herein.

[0007] Figure 3 shows different sensor nodes embedded in a variety of different
locations of a wheel hub in accordance with examples described herein.

[0008] Figure 4 shows a sensor node embedded in a hubcap that is mounted on a

wheel hub in accordance with examples described herein.

DETAILED DESCRIPTION

[0009] This application describes wheel hubs with telematics sensors. The sensors

are attached to the wheel hub, for instance, by being mounted to or embedded within the
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hub. The sensors relay the data that they collect or sense wirelessly to a console, network,
or other electronic device. This transmitted data can assist in remote diagnostics and
predictive maintenance of the wheel hubs. In some cases, multiple sensors embedded in
multiple different wheel hubs on a vehicle communicate wirelessly to form a mesh
network of sensors. Through the mesh network, the sensors and the related monitoring
equipment can all communicate; thereby allowing for the comparison and analysis of
information measured pertaining to the multiple wheel hubs. This can facilitate an
improvement in the automated diagnostic and maintenance process. Further, mounting
the sensors to the wheel hubs, or embedding them within the wheel hubs helps to
simplify the installation process and thus reduces the manufacturing costs associated
with employing other monitoring systems.

[0010] The sensors described herein have wireless communication capabilities and
can be embedded or attached to the wheel hubs. Via wireless communication, the sensors
can form a network, for instance, via a server that is remote or local to the vehicle. A
processing device that communicates with the network can analyze the data from the
sensors and make comparisons on multiple wheel hubs on a vehicle.

[0011] Figure 1 shows a vehicle 10, specifically a truck, equipped with a sensor
network that includes a plurality of sensor nodes 1. The network includes local servers,
such as a cab base station 2 and a trailer base station 3, and local display devices such as
a local interface or console 4, and controller networks, such as vehicle bus 5. The system
is capable of communicating remotely with a remote server 6 or other cloud-based
devices, for example, via the internet.

[0012] In Figure 1, one or more sensor nodes 1 are associated with individual
wheel hubs of the truck 10. The sensor nodes 1 can include a variety of different data
collection equipment, including but not limited to position sensors, pressure sensors,

temperature sensors, vibration sensors, optical sensors, sound sensors, accelerometers,
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gyroscopes, global positioning sensors, RFID tags or readers, or laser scanners, among
others.

[0013] The sensor nodes 1 can also include data processing equipment, such as a
CPU or other microprocessor that takes data received from other sources to generate
information about the sensor, wheel hub, and/or vehicle. In some examples, each sensor
node 1 includes both sensing equipment and a processing unit of some type. The sensor
nodes 1 also include communication equipment that allows the nodes 1 to communicate
with other sensors or devices on the network.

[0014] The sensor nodes 1 collect and/ or process information about the wheel hub
and the associated components and relay the information to local servers. For example,
sensors along the cab portion 13 of the truck 10 relay information to the cab base station
2. The cab base station 2 can be a server or router on board the vehicle 10, and may include
a processing device. In some examples, the base station 2 receives and processes data
transmitted from the sensor nodes 1 and establishes metrics, which may relate to the
health or performance of the wheel hubs on the vehicle. These metrics can also be used
to perform condition monitoring.

[0015] The base station 2 can transmit the metrics to local devices, such as an
interface 4 (e.g., a local console) on board the cab 13 of the truck 10, or to another user
operated device, such as a computer, tablet, smart phone, or the like. In this way, the
vehicle operator (e.g., driver) can be aware of the operating conditions of the wheel hub,
and take action when appropriate. The base station 2 may also transmit the metrics to a
vehicle bus 5, which directly or indirectly controls operation of the vehicle 1 or vehicle
components. The vehicle bus 5 may also use the metrics to adjust performance or
operating parameters to account for the operating conditions of the wheel hubs. In some
examples, the base station 2 may communicate with a remote server 6 via wireless
communication techniques, for instance, via the internet or other cloud-based

infrastructures.
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[0016] Figure 1 also shows that sensor nodes 1 are associated with the hubs on the
trailer portion 11 of the vehicle 10. These trailer sensor nodes 1 communicate with a
separate base station 3 associated with the trailer 11. This trailer base station 3 can thus
forward data collected from the trailer sensor nodes 1 to the base station 2 on the cab 13
of the truck 10. In other formats, the trailer base station 3 can collect, process, and store
data locally and transmit the data to the truck base station 2, or directly to other remote
servers 6 at a time in the future.

[0017] In some examples, the sensor network evaluates the data collected by the
sensor nodes 1 and the associated equipment of the system individually per each sensor
node. In other examples, the network aggregates information from each sensor and
compares and analyzes the information together as a system. In such an example, the
network may use the data to detect differences among the sensors at various wheel hubs,
thereby highlighting conditions that may warrant attention. The network may also use
the data to detect and report on the condition of the components within and around the
hubs including the wheels and wheel ends, bearings, seals, tires, and brakes.

[0018] Figure 2 is a schematic block diagram of one example of a sensor node 1,
showing the sensors and other components of the node 1, as well as the other components
of the network with which the node 1 communicates. In this embodiment, the sensor
node 1 comprises one or more sensors or sensing devices. The sensing devices include an
accelerometer 21 to measure the linear acceleration and a gyroscope 22 to measure the
angular momentum of the sensor node 1. The sensor node 1 also includes a temperature
sensor 23 and a pressure sensor 24 to measure thermodynamic properties of the hub. The
sensor node 1 may also include a strain sensor that monitors the strain or stretch in the
material of a hub.

[0019] The sensor node 1 also includes a power source. The power source can
include a battery 25, a capacitor, and/or a power input (e.g., a port for receiving electrical

power from an outside source). The power source can also include a generator 26, such
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as a thermoelectric generator that generates electricity from thermal energy. In some
examples, the generator can include a generator that turns kinetic energy into electrical
energy. For example, the generator may be able to convert movement or vibrations in the
wheel hub into electricity that powers the sensor node. The generator 26 can also operate
in connection with the capacitor 25 so that electricity can be stored in the capacitor for
later harvesting. The power source supplies power to operate the sensor node 1 and the
associated components.

[0020] The sensor node 1 also includes a processor 15, which communicates with
the various sensors and components of the sensor node 1. The processor 15 can also
communicate wirelessly via a communication module 16, which utilizes one or more of
a variety of wireless communication techniques, including radio frequency, infrared,
WiFi, and Bluetooth, to name a few examples, to communicate with remote devices. In
this way, the sensor node 1 can communicate with other remote devices, such as the base
stations 2 or 3 shown in Figure 1, with other sensor nodes in a mesh network 30, or with
other networks or network devices. In some examples, the processor 15 aggregates data
from the various sensor devices and generates metrics from that data, but in other
examples the processor 15 collects and transmits the data without providing any
particular processing or analysis. The processor 15 can also receive data and commands
wirelessly through the communication module 16. For example, the sensor can receive
commands from a control interface in the cab of the vehicle 1, or via a remote computer
via the internet.

[0021] The sensor node 1 of Figure 2 is just an example configuration, and other
examples may have components that include more, less, or other components not shown
in Figure 2, or combinations thereof.

[0022] Figures 3 and 4 show various locations for mounting or embedding a sensor
node 1 relative to a wheel hub. Figure 3 shows different sensor nodes embedded in a

variety of different locations of a wheel hub 20. For example, sensor node 7 is embedded
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in the oil fill plug of the hub 20. Sensor node 8 is mounted to the outside of the inner
portion of the hub 20. Sensor node 9 is fastened or embedded in a pocket of the hub 20.
The sensor node 9 can be potted in using epoxy or other potting compound into a cast-in
pocket of the hub. Alternatively, the sensor node 9 could be fastened or potted into a
machined-in pocket of the hub 20. Figure 4 shows a sensor node embedded 14 embedded
in a hubcap 17 that is mounted on a hub.

[0023] The sensor boards can be affixed to a cast-in pocket in the hub with
machined features specifically for mounting the sensor board. The potting epoxy
compound can protect the sensor board from the harsh environment of the wheel end.
This allows for vibrations to transfer into the vibration sensor because it has rigid contact
with the hub. It also allows good heat transfer from the hub to enable energy harvesting
to power the sensor node.

[0024] In operation, the sensor nodes 1 can be used to detect a variety of different
parameters. For example, the sensor node 1 may be configured to detect hub rotational
speed using a gyro sensor, an accelerometer sensor, or combinations thereof. The hub
rotational speed can be used in connection with other data and calculations to improve
the accuracy of the calculations pertaining to the sensors.

[0025] In one example, the accelerometer and gyroscope sensors detect damage or
adjustment problems associated with bearings in the wheel hub. The sensors detect and
monitor the magnitude of vibration at specific frequencies corresponding to the
frequency multipliers of the bearing, and take into account the rotational speed of the
hub. The accelerometer vibration data help to detect brake component irregularities. The
accelerometer data may also be used to detect tire imbalance or damage by looking at the
magnitude of vibration at the frequency corresponding to the rotational speed of the hub.
[0026] The described systems and sensors can also be used to detect bearing
damage, brake damage, and other wheel end issues by monitoring the temperature of the

hub, and comparing it to ambient air temperature and the other hubs on the vehicle.
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[0027] In some examples of operation, the sensor nodes are used to monitor the
lubrication level in the hub using a pressure sensor measuring inside the hub cavity. For
example, the lubrication level can be determined in proportion to the height of the
lubrication fluid column over the sensor and the rotational velocity of the hub.

[0028] Certain embodiments may use an accelerometer, gyroscope, or
combinations thereof, mounted to a wheel hub to measure the hub speed. The sensor
nodes can then wirelessly transmit the hub speed to the vehicle (or to processing
equipment associated with the vehicle), and the data can be used to provide a speed
signal. Such a speed signal can be used to monitor anti-lock braking systems or other
functionality. This can provide benefits over existing systems. For example, existing
systems wired sensor can be used to measure the hub rotation speed. Information from
these wired sensors is transferred utilized by braking systems on the truck to monitor
various parameters. These wired sensors can fail or provide unreliable information. For
instance, the sensors can develop issues caused from wear and damage to the sensors,
the sensors moving out of range, and corrosion that can occur on the sensors, in
particular, the wired parts of the sensors. Replacing these systems with the wireless
sensor nodes described herein, by embedding the wireless sensors into the wheel hub for
instance, can improve the performance and reliability of the sensors.

[0029] In some embodiments, a sensor mounted to a wheel hub may be configured
to use an accelerometer, gyroscope, or combinations thereof can to track the cumulative
number of rotations of the wheel hub. The collected rotation data could then be used, for
example, things tracking the mileage, or distance traveled, of the vehicle and/or trailer.
[0030] In another method of operation, a sensor node mounted to a wheel hub can
monitor strain in the material of a wheel hub. The collected data can then be used to
measure hub speed. For example, as a hub rotates, it can experience alternating stress. By
measuring the strain in the hub via a strain sensor and measuring the rate of the

fluctuations in the strain, the system can estimate the rotation speed of the hub. This
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method can provide a cleaner signal than that provided by other types of sensors
typically used to monitor hub speed while also limiting the sources of noise into the
signal.

[0031] In another example, the mounted strain sensor can be used to measure hub
cumulative rotations for tracking mileage or part life.

[0032] In another example, a sensor can be configured to measure wheel stud
stretch or strain in wheel studs. In this way, when the sensors are embedded or mounted
in a wheel hub, the hub will detect and report the condition of the wheel to hub bolted
joint.

[0033] This application describes preferred embodiments and examples of
wireless wheel hub sensors for illustrative purposes, not intended to be limiting. Those
skilled in the art will recognize that the described examples could be modified and/or
combined with one another without departing from the scope described herein. Further,
features of one embodiment or example may be combined with features of other
embodiments or examples to provide still further embodiments or examples as desired.
All references that this application cites, discusses, identifies, or refers to are hereby

incorporated by reference in their entirety.



WO 2019/060728 PCT/US2018/052224

CLAIMS

1. A sensor node mounted to a wheel hub, the sensor comprising;:
- a power source configured to supply electricity to the sensor;
- a sensing device configured to detect and monitor at least one
parameter associated with the wheel hub;
- a communication module configured to communicate via wireless
communication signals; and
- a processing device in communication with the sensing device and
the communication module, the processing device configured to
collect and process data from the sensing device,
wherein the sensor is configured to communicate information relating to the wheel

hub to a remote server.

2. The sensor node of claim 1, wherein the sensing device comprises at least

one of an accelerometer, a gyroscope, a temperature sensor, and a pressure sensor.

3. The sensor node of claim 1, wherein the power source comprises a battery

or a capacitor.

4. The sensor node of claim 1, wherein the power source comprises a
generator.

5. The sensor node of claim 4, wherein the generator is a thermoelectric
generator.

6. The sensor node of claim 1, wherein the sensor node is configured to be

embedded into the oil fill plug of the wheel hub.

7. The sensor node of claim 1, wherein the sensor node is configured to be

mounted to the outside of an inner portion of the wheel hub.

10
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8. The sensor node of claim 1, wherein the sensor node is configured to be

installed in the pocket of a wheel hub.

9. The sensor node of claim 8, wherein the sensor node is configured to be

potted using an epoxy or potting compound into a wheel hub pocket.

10. The sensor node of claim 1, wherein the sensor node is embedded in a

hubcap that is mounted on the hub.

11. A wheel hub configured to operate in connection with a brake hub and a

drive axle of a vehicle, the wheel hub comprising;:

- a housing comprising an oil fill plug;

- a wheel bearing within the housing; and

- a sensor node comprising:

a power source configured to supply electricity to the sensor;
a sensing device configured to detect and monitor at least one
parameter associated with the wheel hub;

a communication module configured to communicate via
wireless communication signals; and

a processing device in communication with the sensing
device and the communication module, the processing device
configured to collect and process data from the sensing

device,

wherein the sensor node is embedded into the oil fill plug of the wheel hub

housing, and wherein the sensor is configured to communicate information relating to

the wheel hub to a remote server.

12. A wheel hub configured to operate in connection with a brake hub and a

drive axle of a vehicle, the wheel hub comprising;:

11
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- a housing comprising a pocket;
- a wheel bearing within the housing; and
- a sensor node comprising:
- a power source configured to supply electricity to the sensor;
- a sensing device configured to detect and monitor at least one
parameter associated with the wheel hub;
- a communication module configured to communicate via
wireless communication signals; and
- a processing device in communication with the sensing
device and the communication module, the processing device
configured to collect and process data from the sensing
device,
wherein the sensor node is embedded into the pocket of the wheel hub housing,
and wherein the sensor is configured to communicate information relating to the wheel

hub to a remote server.

13. A wheel hub configured to operate in connection with a brake hub and a
drive axle of a vehicle, the wheel hub comprising;:

— a housing;

- a wheel bearing within the housing;

- a hubcap; and

- a sensor node comprising:
- a power source configured to supply electricity to the sensor;
- a sensing device configured to detect and monitor at least one

parameter associated with the wheel hub;

- a communication module configured to communicate via

wireless communication signals; and

12
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a processing device in communication with the sensing
device and the communication module, the processing device
configured to collect and process data from the sensing

device,

wherein the sensor node is embedded into the hubcap, and wherein the sensor is

configured to communicate information relating to the wheel hub to a remote server.

14. A vehicle comprising;:

a plurality of wheels, each wheel having a wheel hub including a

hub housing, a wheel bearing within the housing;

a plurality of sensor nodes, at least two sensor nodes installed

relative to each of two separate wheel bearings of the vehicle,

individual sensor nodes comprising;:

a power source configured to supply electricity to the sensor;
a sensing device configured to detect and monitor at least one
parameter associated with the wheel hub;

a communication module configured to communicate via
wireless communication signals; and

a processing device in communication with the sensing
device and the communication module, the processing device
configured to collect and process data from the sensing

device;

a display terminal comprising a user interface; and

a base communication station configured to communicate the

communication module of the plurality of sensor nodes and the

display terminal,

13
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wherein the base station is configured to receive information transmitted from at

least two sensor nodes installed relative to the two separate wheel bearings.

15. A method comprising;:

installing a sensor node on a first wheel hub of a vehicle, the

installing including at least one of mounting the sensor node to the

first wheel hub and embedding the sensor node in the first wheel
hub;

- monitoring a parameter associated with the first wheel hub with a
sensing device within the sensor node;

- transmitting information pertaining to parameter associated with
the first wheel hub from the sensing node to a remote device;

- comparing, via the remote device, the information pertaining to the
parameter associated with the first wheel hub parameter with
information pertaining to a parameter associated with a second
wheel hub of the vehicle to obtain compared wheel hub information;
and

- reporting a condition of the first wheel hub to a local device on the

vehicle based on the compared wheel hub information.

16.  The method of claim 15, further comprising diagnosing a potential failure

issue with the first wheel hub based on the compared wheel hub information.

14
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