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(54) SYSTEM AND METHOD FOR MANAGING BATTERY LIFE IN REDUNDANT WIRELESS 
SENSORS

(57) A method for operating a sensor system in-
cludes detecting (903) a first wake trigger by a plurality
of sensors for a component disposed in a remote location,
generating (905), by each sensor, sensor service data
that includes a battery charge level of the sensor, deter-
mining (909) an active sensor according to the sensor
service data of each sensor of the plurality of sensors,
and assigning (915) the active sensor to enter an active
mode assigning (913) each sensor of the plurality of sen-
sors, other than the active sensor, to enter a sleep mode
(1033), generating (917), by the active sensor, sensor
reading data for the component until an inactive trigger
is detected, sending (919) the sensor reading data using
a wireless transmission to a sensor data server, and leav-
ing the active mode by the active sensor and entering a
sleep mode in response to the active sensor detecting
(921) an inactive trigger.
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Description

TECHNICAL FIELD

[0001] The present invention relates generally to wire-
less sensors, and, in particular embodiments, to a system
and method for providing sensor coverage in a mechan-
ical system using redundant sensors.

BACKGROUND

[0002] A rotorcraft may include one or more rotor sys-
tems including one or more main rotor systems. A main
rotor system generates aerodynamic lift to support the
weight of the rotorcraft in flight, and thrust to move the
rotorcraft in forward flight. Another example of a rotorcraft
rotor system is a tail rotor system. A tail rotor system may
generate thrust in the same direction as the main rotor
system’s rotation to counter the torque effect created by
the main rotor system. Rotorcraft include one or more
engines powering the rotor systems and gearboxes are
used to convert between power and torque for the en-
gines and the rotor systems. Sensors may be disposed
in one or more systems of the rotorcraft, and may provide
data from real time monitoring to rotorcraft systems or to
outside data collection servers for later analysis.

SUMMARY

[0003] An embodiment method for operating a sensor
system includes detecting a first wake trigger by a plu-
rality of sensors associated with a component disposed
remote location, generating, by each sensor of the plu-
rality of sensors, sensor service data that includes a bat-
tery charge level of a respective sensor of the plurality
of sensors, determining an active sensor according to
the sensor service data of each sensor of the plurality of
sensors, and assigning the active sensor to enter an ac-
tive mode assigning each sensor of the plurality of sen-
sors, other than the active sensor, to enter a sleep mode,
generating, by the active sensor, sensor reading data
indicating a physical parameter of the component until
an inactive trigger is detected by the active sensor, send-
ing the sensor reading data by the active sensor using a
wireless transmission to a sensor data server, and leav-
ing the active mode by the active sensor and entering a
sleep mode by the active sensor after the active sensor
sends the sensor reading data and in response to the
active sensor detecting an inactive trigger.
[0004] An embodiment sensor device includes a trans-
ducer, a wireless interface circuit, a battery, and a con-
troller connected to the battery, the transducer and the
wireless interface circuit. The controller is configured to
detect a wake trigger, generate sensor service data,
where the sensor service data includes a battery charge
level of the battery, transmit the sensor service data
through the wireless interface circuit, determine whether
the sensor device should be an active sensor in a plurality

of sensor devices according to at least the sensor service
data, enter an active mode in response to determining
that the sensor device should be the active sensor, enter
a sleep mode in response to determines that the sensor
device should not be the active sensor, generate, while
the sensor device is in the active mode, sensor reading
data according to a reading from the transducer and until
an inactive trigger is detected by the sensor, send the
sensor reading data by the active sensor using a wireless
transmission to a sensor data server, and leave the active
mode and entering a sleep mode in response to the active
sensor detecting an inactive trigger.
[0005] An embodiment system includes a rotating
component, and a sensor system having a plurality of
sensors. Each sensor of the plurality of sensors is dis-
posed on the component and monitors the component
and is configured to detect a first wake trigger generating
sensor service data that includes a battery charge level
of a respective sensor of the plurality of sensors, deter-
mine an assigned mode for the respective sensor, where
the assigned mode is assigned according to the sensor
server data of each sensor of the plurality of sensors,
where the assigned mode is one of at least an active
mode or a sleep mode, and where at least one sensor
of the plurality of sensors is determined to be an active
sensor and is assigned an active mode, enter the active
mode in response to the respective sensor determining
that the respective sensor is the active sensor and is
assigned the active mode, generate, in response to the
respective sensor being the active sensor, sensor read-
ing data indicating a physical parameter of the compo-
nent until an inactive trigger is detected by the active
sensor, send the sensor reading data by the active sensor
using a wireless transmission, leave the active mode in
response to the respective sensor being in the active
mode and enter the sleep mode after the respective sen-
sor sends the sensor reading data and in response to
the respective sensor detecting the inactive trigger, and
enter the sleep mode response to the respective sensor
determining that the respective sensor is assigned the
sleep mode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] For a more complete understanding of the
present invention, and the advantages thereof, reference
is now made to the following descriptions taken in con-
junction with the accompanying drawings, in which:

Fig. 1 illustrates certain aspects of a rotorcraft ac-
cording to some embodiments;

Fig. 2 is a block diagram of a sensor according to
some embodiments;

Figs. 3A and 3B are logical diagrams illustrating re-
dundant sensor systems according to some embod-
iments;
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Fig. 4 is a diagram illustrating a gear train 161 of a
gearbox or transmission having sensors 200 accord-
ing to some embodiments;

Fig. 5 is a logical diagram illustrating operation of a
redundant sensor system according to some embod-
iments;

Figs 6A and 6B are logical diagrams illustrating man-
agement of sensors in a redundant sensor system
according to some embodiments;

Fig. 7 is a flow diagram illustrating a method of op-
erating a sensor system according to some embod-
iments;

Fig. 8 is a flow diagram illustrating a method of op-
erating a sensor management element according to
some embodiments;

Fig. 9 is a flow diagram illustrating a method of op-
erating a sensor in a sensor system managed by a
sensor management element according to some
embodiments; and

Fig. 10 is a flow diagram illustrating a method of op-
erating a sensor in a sensor system managed using
sensor based sensor switching according to some
embodiments.

DETAILED DESCRIPTION OF ILLUSTRATIVE EM-
BODIMENTS

[0007] Illustrative embodiments of the system and
method of the present disclosure are described below.
In the interest of clarity, all features of an actual imple-
mentation may not be described in this specification. It
will of course be appreciated that in the development of
any such actual embodiment, numerous implementation-
specific decisions may be made to achieve the develop-
er’s specific goals, such as compliance with system-re-
lated and business-related constraints, which will vary
from one implementation to another. Moreover, it should
be appreciated that such a development effort might be
complex and time-consuming but would nevertheless be
a routine undertaking for those of ordinary skill in the art
having the benefit of this disclosure.
[0008] Reference may be made herein to the spatial
relationships between various components and to the
spatial orientation of various aspects of components as
the devices are depicted in the attached drawings. How-
ever, as will be recognized by those skilled in the art after
a complete reading of the present disclosure, the devic-
es, members, apparatuses, etc. described herein may
be positioned in any desired orientation. Thus, the use
of terms such as "above," "below," "upper," "lower," or
other like terms to describe a spatial relationship between
various components or to describe the spatial orientation

of aspects of such components should be understood to
describe a relative relationship between the components
or a spatial orientation of aspects of such components,
respectively, as the device described herein may be ori-
ented in any desired direction.
[0009] The increasing connectivity within large or com-
plex vehicle such as rotorcraft provides the opportunity
to increase the real-time monitoring capabilities of on-
board systems, as well as providing ever increasing data
for remote analysis. In order to increase the efficiency
and ease of operation of a rotorcraft, for example, multiple
sensor systems may be provided within the rotorcraft for
monitoring different components, systems, flight charac-
teristics or the like. However, many components are not
situated so that traditional wired sensors are practical.
For example, components that rotate cannot be provided
with wired sensors since the movement of the compo-
nents precludes hardwiring the sensor to a data man-
agement system. Similarly, in remote systems such as
sealed subsystems, the casing surrounding the sealed
system may prevent an ingress point for power or data
cabling for a wired sensor, or the location of significant
other elements may require significant work or cost to
access or provide power to the monitored system. In-
stead, wireless sensors may be used on moving compo-
nents, with data being transmitted via wireless channels
to the data management system. However, for compo-
nents in sealed or relatively inaccessible systems, a sen-
sor’s battery life or operating lifetime may be a limiting
factor, and providing hardwired connections for power or
data may be prohibitively expensive, or may be difficult
for retrofitting existing vehicles to include a sensor sys-
tem.
[0010] In accordance with some embodiments, a sen-
sor system with multiple sensors is provided. The sen-
sors are activated one at a time to preserve the battery
life of one or more of the sensors so that the batteries of
the different sensors are used sequentially. This extends
the lifetime of the monitoring system, and permits the
monitoring system to be customized so the number of
redundant sensors may be selected to match a service
lifetime of a particular component. Additionally, sensors
may be removed from operation if a fault is detected in
the sensor.
[0011] For example, a tailrotor gearbox for a rotorcraft
may have a service interval of 2000 hours, while a main
transmission of the rotorcraft may have a service interval
of 1000 hours. The number of sensors for a sensor sys-
tem in the tailrotor gearbox may be greater than the
number of sensors for a sensor system in the main trans-
mission so that each sensor system, overall, has a life-
time that is at least as long as the service interval of the
component the sensor system monitors. Thus, each sen-
sor may have an individual battery charge run time that
is less than the service interval of the component, but the
battery charge lifetime of the sensor system may extend
past the service interval of the associated component
since the batteries, when used in sequence, have a total
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batter charge run time that exceeds the service interval.
Extending the useful life of a sensor system by failing
over to a properly operating sensor, or to a sensor with
sufficient battery power, permits a rotorcraft operator to
keep the sensor system in operation for the entirety of
the service interval for the relevant component, avoiding
a need to perform major maintenance to replace a power
source in a wireless sensor that may be in a remote lo-
cation such as a sealed case or system, or relatively in-
accessible system.
[0012] In some embodiments, sensors communicate
with a wireless gateway that is remote from the compo-
nent being monitored, and may provide battery and sen-
sor state data to the gateway. In other embodiments, the
sensors send the battery and sensor state data to other
sensors in the system and the sensors may negotiate
with each other regarding whether a previously active
sensor is kept active, or made inactive and a different
sensor made active. This information may be used to
switch between sensors to ensure that the battery life of
multiple sensors allows for monitoring of the component
until its next maintenance. In some embodiments, the
sensors may be activated in round robin fashion, by a
preselected priority, randomly selected, or the like. Each
sensor may be activated in turn and operated until the
sensor fails or the sensor battery power falls below a
predetermined threshold, after which the next sensor is
activated.
[0013] Additionally, in order to further preserve battery
power, the sensors may go into a sleep mode when the
vehicle, system, or component is inactive, or when mon-
itoring is not needed. More specifically, many compo-
nents are not in operation continuously, so all of the sen-
sors may enter periods of inactivity while the component
is not in use. In some embodiments, the sensors may
wake up from sleep mode based on a trigger such as a
physical component trigger such as vibration or move-
ment (which may be after a period of no vibration or move-
ment) of the monitored component, or the like, or another
trigger such as a wireless signal from the gateway, a
timer expiring, or the like. In this embodiment, upon wak-
ing up, each sensor may share their current status (with
either the gateway or with each other). At the beginning
of each wake period, a re-evaluation of which sensor
should be active takes place. Once this evaluation is com-
pleted, the sensors designated as not active will return
to sleep mode to continue to conserve battery until the
next wake trigger is received.
[0014] Fig. 1 illustrates certain aspects of a rotorcraft
100 according to some embodiments. The rotorcraft 100
includes rotorcraft computers 102, a power train system
110, rotor blades 120, a fuselage 130, landing gear 140,
and an empennage 150. The rotorcraft computers 102
may be operable to collect data about, or control flight
of, the rotorcraft 100. In some embodiments, the ro-
torcraft 100 is a fly-by-wire rotorcraft, and in such em-
bodiments, the rotorcraft computers 102 may be flight
control computers (FCCs) operable to execute one or

more control laws (CLAWS) that control flight of the ro-
torcraft 100. The rotorcraft computers 102 may be oper-
able to perform sensor data collection and analysis as
part of a health and usage monitoring system (HUMS),
sensor system, control system, monitoring system, or the
like. The rotor blades 120 include main rotor blades 120A
and tail rotor blades 120B. The power train system 110
rotates the main rotor blades 120A and optionally the tail
rotor blades 120B. Figure 2 illustrates aspects of the pow-
er train system 110, in accordance with some embodi-
ments. The power train system 110 includes one or more
engines 112, a gearbox 160, a rotor mast 114, and a tail
rotor drive shaft 116. The engines 112 supply torque to
the rotor mast 114 via the gearbox 160, thus rotating the
main rotor blades 120A. The engines 112 may also sup-
ply torque to the tail rotor drive shaft 116, thus rotating
the tail rotor blades 120B. The gearbox 160 may be a
main rotor transmission system. It should be appreciated
that the power train system 110 may include more gear-
boxes or other types of gearboxes than the gearbox 160
shown. The power train system 110 may include a swash-
plate (not shown) for collectively or cyclically controlling
the pitch of each of the main rotor blades 120A in order
to selectively control direction, thrust, and lift of rotorcraft
100.
[0015] The fuselage 130 represents the body of the
rotorcraft 100 and may be coupled to the power train
system 110 such that the power train system 110 and
rotor blades 120 move the fuselage 130 through the air
during operation. The landing gear 140 supports the ro-
torcraft 100 when the rotorcraft 100 is grounded. The
empennage 150 represents the tail section of the aircraft
and is connected to the tail rotor blades 120B. The power
train system 110 and tail rotor blades 120B may collec-
tively provide thrust in the same direction as the rotation
of the main rotor blades 120A, so as to counter torque
effects created by the main rotor blades 120A.
[0016] It should be appreciated that teachings from the
rotorcraft 100 may apply to aircraft other than rotorcraft,
such as airplanes, tilt rotor aircraft, and unmanned air-
craft, to name a few examples. In addition, teachings of
certain embodiments relating to rotor systems described
herein may apply to the power train system 110 or other
power train systems, including but not limited to non-ro-
torcraft power train systems.
[0017] The gearbox 160 transmits power from the en-
gines 112 to the main rotor blades 120A and tail rotor
blades 120B. The gearbox 160 converts between power
and torque for a power source (e.g., the engines 112)
and an object to be moved (e.g., the rotor blades 120).
The gearbox 160 is operable to reduce the power output
by the engines 112 and increase the torque applied to
the rotor blades 120.
[0018] Fig. 2 is a block diagram of a sensor 200 ac-
cording to some embodiments. The sensor 200 includes
a battery 202, a controller 206, a transducer 208, and a
wireless interface 210. The battery 202 may be any type
of embedded battery, such as a lithium-ion battery, NiMH
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battery, or the like.
[0019] The controller 206 is powered by the battery
202. The controller 206 receives transduced signals from
a transducer 208 that measures physical parameters of
a component being monitored, and transmits the signals
over the wireless interface 210, e.g., to the rotorcraft com-
puters 102. The controller 206 may be any type of con-
troller and may have a processor such as a microproc-
essor, a microcontroller, an application-specific integrat-
ed circuit, a field programmable gate array, or the like.
The controller may further include a non-transitory com-
puter readable medium having a program for execution
by the processor stored thereon. The program may in-
clude instructions for executing the mode assignment
and sensing processes described below.
[0020] The transducer 208 may be any type of trans-
ducer that is acceptable for the desired type of sensor.
When the sensor 200 is a temperature sensor, the trans-
ducer 208 may be a diode, thermistor, resistance tem-
perature detector, thermocouple, or the like. When the
sensor 200 is a vibration sensor, the transducer 208 may
be an accelerometer, a gyroscope, or the like. When the
sensor 200 is a debris sensor, the transducer 208 may
include a moving magnet and two electrodes, which pro-
duce a transduced signal indicating the presence of me-
tallic debris between the electrodes. Alternatively, the
transducer 208 maybe operable to produce a Gaussian
field and detect interruptions in the Gaussian field, indi-
cating the presence of metallic or non-metallic debris.
When the sensor 200 is an oil quality sensor, the trans-
ducer 208 may be an electrochemical pH sensing ele-
ment having a measuring electrode and a reference elec-
trode, a moisture detector such as a variable resistor,
combinations thereof, or the like. The wireless interface
210 may be, e.g., a RF interface, and may include an
antenna for transmission to a receiving device such as
the rotorcraft computers 102.
[0021] Figs. 3A and 3B are logical diagrams illustrating
redundant sensor systems according to some embodi-
ments. In different embodiments, a sensor system may
use different processes for switching the assigned modes
of sensors in the system. In some embodiments, the sen-
sors themselves may negotiate or determine which sen-
sor is the active sensor, and in other embodiments, the
sensors may communicate with a sensor management
element or wireless gateway that manages which sensor
is active.
[0022] Fig. 3A is a logical diagram illustrating a sensor
system 301 with a sensor management element 303 or
wireless gateway. In some embodiments, a sensor man-
agement element 303 monitors the operation of the sen-
sors 200A...200N and arbitrates which sensors
200A...200N are assigned various operating modes. The
sensor management element 303 may include a proces-
sor and non-transitory computer readable medium stor-
ing a program having instructions to manage the sensors
and assign sensor modes to each of the sensors as de-
scribed below.

[0023] The sensor management element 303 may
have an integrated wireless gateway and includes a proc-
essor and non-transitory computer readable medium
with a program for managing the sensors 200A...200N
stored thereon. The sensor system 301 includes a plu-
rality of sensors 200A...200N, and in some embodiments,
one or more of the sensors 200A...200N is assigned to
have an active mode, while the other sensors are non-
active or inactive sensors, and may be assigned a sleep
mode or non-active mode. In some embodiments, the
system also has a sensor data server 305 that stores
sensor data from the active sensor 200A. The sensors
200A...200N may communicate wirelessly with the sen-
sor management element 303 for monitoring and mode
assignment. The sensors 200A...200N may also com-
municate wirelessly with the sensor data server 305, ei-
ther directly, through the sensor management element
303, or through another system, to report sensor reading
data. In some embodiments, the sensor data server 305
is a flight computer such as an FCC that handles real-
time flight control or a HUMS, or may be a device that is
located outside of the vehicle, and that uses the sensor
reading data for maintenance tracking, system analysis,
fleet management, or the like.
[0024] The sensors 200A...200N may send sensor
service data such as configuration information, sensor
identification data, power data, sensor state data, envi-
ronmental data, operational data, and the like, to the sen-
sor management element 303. The sensor management
element 303 may use the sensor service data to deter-
mine which sensor 200A...200N should be the active sen-
sor 200A. The configuration information may include sen-
sor type, installation location describing the system the
sensor belongs to or the component being monitored by,
or associated with, the sensor. The sensor identification
data may include a sensor serial number, assigned iden-
tification number, assigned mode or sensor state identi-
fier, group or system identification information, or the like.
The power data may include information indicating a
state of a battery charge, historical or current power con-
sumption rate, anticipated power consumption rate, or
the like. The sensor state data may include a previous
or current operating mode, current operating condition
or failure of the sensor or sensor subsystems, or the like.
In some embodiments, the current operating condition
data includes failure reporting information regarding sen-
sor values being out of range, detection of open circuit
or short circuits in sensor circuitry or wiring, reports on
data quality, or the like. The environmental data may in-
clude location or movement data, information regarding
the region immediately external to the sensor, or the like.
The operational data may include saved data, sensor
readings, data related to previous or current operations
of the sensor, or the like.
[0025] The sensor management element 303 receives
the service data from each sensor 200A...200N, deter-
mines which mode each sensor 200A...200N should be
in, including which sensor 200A...200N is active, and

7 8 



EP 3 618 508 A1

6

5

10

15

20

25

30

35

40

45

50

55

wirelessly notifies each sensor 200A...200N of the state
the respective sensor 200A...200N will operate in through
a mode assignment message such as a communication,
signal or the like. In some embodiments, the sensor man-
agement element 303 determines whether a server that
was most recently active reports service data, and de-
termines whether the active sensor 200A or most recently
active sensor 200A is in condition to remain active. In
some embodiments, the active sensor 200A may report
that it was previously active, and the remaining sensors
200B...200N may report that they were previously in
sleep mode or inactive mode, disabled, nonfunctional, or
the like. The sensor management element 303 deter-
mines whether the active sensor 200A is within normal
operating limits, and maintains the active state of the ac-
tive sensor if the active sensor 200A is within normal
operating limits. In some embodiments, the operating lim-
its may include the active sensor 200A having sufficient
battery charge to perform sensing, being in the correct
environment, being fully functional and operating prop-
erly, or the like.
[0026] If the sensor management element 303 deter-
mines that the active sensor 200A should no longer be
active in response to the active sensor not being within
normal operating limits, or if the active sensor 200A fails
to report sensor service data within a predetermined time,
the sensor management element may assign a new ac-
tive sensor according to one or more rules. For example,
if one or more of the non-active sensors 200B...200N
wake up and report sensor service data, and the active
sensors 200A fails to report its sensor service data within
a predetermined time period after one or more of the non-
active sensors 200B...200N report, the sensor manage-
ment element 303 may determine that the active sensor
200A is disabled or inoperable. The sensor management
element 303 may then determine whether the other non-
active sensors 200B...200N are within normal operating
limits, and assign one of the other non-active sensors
200B...200N to be the active sensor 200A. The sensor
management element 303 may send a message to as-
sign one of the sensors 200A...200N to be the active
sensor 200A, and may, in some embodiments, send a
message to the previously active sensor 200A to enter
a deactivated mode, or send a message to one or more
of the sensors 200A...2000N to remain in, or enter, an
inactive mode.
[0027] Fig. 3B is a logical diagram illustrating a sensor
system 351 with a sensor data server 353 or wireless
gateway. The system 351 includes a plurality of sensors
200A...200N, and in some embodiments, one or more of
the sensors 200A...200N is assigned to have an active
mode. In some embodiments, the sensors 200A...200N
communicate with each other and arbitrate which sen-
sors 200A...200N are assigned various operating modes.
The active sensor 200A may communicate wirelessly
with the sensor data server 353 through a wireless gate-
way to report sensor reading data to the sensor data serv-
er 353. In some embodiments, the sensor data server

353 is a flight computer such as an FCC that handles
real-time flight control or a HUMS, or may be a device
that is located outside of the vehicle, and that uses the
sensor reading data for maintenance tracking, system
analysis, fleet management, or the like.
[0028] The sensors 200A...200N may have a proces-
sor and non-transitory computer readable medium stor-
ing instructions causing the processor for the sensor
200A...200N to receives data from the other sensors
200A...200N and arbitrate which of the sensors
200A...200N becomes the active sensor 200A by apply-
ing one or more rules.
[0029] For example, one rule may be that a sensor
200A...200N that is the active sensor 200A remains in
active mode if the reported sensor service data indicates
that the active sensor 200A has sufficient battery charge
and is operating within normal operating limits. Another
rule may be that a new active sensor is selected when
none of the sensors 200A...200N are determined to be
the active sensor 200A, the active sensor 200A fails to
report sensor service data within the predetermined time,
or the active sensor 200A has insufficient battery charge
or is not operating within normal operating limits. Yet an-
other rule may be that an active sensor 200A is selected
from the available sensors according to the reported sen-
sor service data. In some embodiments, the rules may
be that the active sensor 200A is selected according to
selection criteria that may be battery charge state, serial
number, a priority value, a randomly generated number,
or the like.
[0030] The sensors 200A...200N may wake up and
send sensor service data to each of the other sensors
200A...200N in the system 351. Each sensor
200A...200N may verify that the sensor service data be-
ing received is from a sensor 200A...200N in the system
351, and not sensor service data from another system
by verifying that information in the sensor service data,
such as sensor identification data, configuration data, or
the like, identify that the received data is from a sensor
in the system 351, a preselected sensor group, is of a
predetermined sensor type, or the like. Each sensor
200A...200N may wait for sensor service data for a pre-
determined period of time, and use the sensor service
data generated by the respective sensor 200A...200N,
as well as sensor service data received from the other
sensors 200A...200N to determine the mode for the re-
spective sensor 200A...200N. Each sensor 200A...200N
evaluates sensor service data from the other sensors
200A...200N using one or more of the rules to arbitrate
which sensors change mode.
[0031] For example, when the rules are applied by the
sensors 200A...200N a second sensor 200B may deter-
mine that it should enter an active mode when the second
sensor determines that a previously active sensor has
insufficient battery charge, and further when the second
sensor determines that it has a serial number lower than
other previously inactive sensors 200N. The second sen-
sor 200B may also maintain a sleep mode or inactive
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mode if the second sensor determines that a previously
active sensor 200A has sufficient battery charge and is
operating within normal operating limits, or if the second
sensor determines that it has a serial number that is not
lower than other previously inactive sensors 200N. In this
situation, the second sensor 200B may assume that the
other previously inactive sensor 200N will take over as
the active mode. However, in other embodiments, one
or more of the sensors 200A...200N may communicate
with the other sensors 200A...20N to confirm that another
sensor has become the active sensor 200A.
[0032] Fig. 4 is a diagram illustrating a gear train 161
of a gearbox or transmission having sensors 200 accord-
ing to some embodiments. The gear train 161 includes
a planetary gear set 170 and associated gears for trans-
ferring power from one or more engines to an output such
as wheels, rotors, fan blades, generators, or other me-
chanical system. While the illustrated gear train 161
shown is from a rotorcraft, the disclosed principles may
be applied to ground vehicles, machinery, fixed wing air-
craft, ships power systems, or the like.. The gear train
161 is contained within a gearbox housing (not shown).
The gearbox housing may be sealed to contain transmis-
sion fluid, hydraulic fluid, oil or another lubricant for lu-
bricating the gear train 161. One or more sensors 200
may be disposed on parts of the gear train, and multiple
sensor systems, each having multiple sensors 200, may
disposed on a gear train 161, with different sensor sys-
tems disposed on, and monitoring, different components.
[0033] The gear train 161 includes an input pinion 162.
The input pinion 162 is in mechanical communication
with, and receives rotational energy from, the engines
112. The input pinion 162 includes a helical bevel gear
portion 163. The helical bevel gear portion 163 of the
input pinion 162 meshes with, and transmits rotational
energy to, a bevel gear 164. The bevel gear 164 may be,
e.g., a helical bevel gear. The bevel gear 164 meshes
with and drives an accessory drive gear 190, which may
be used to provide rotational energy to an accessory
gearbox (not shown) and/or various aircraft accessories
(not shown). In embodiments where the gearbox 160 is
a gearbox for the main rotor blades 120A, the accessory
gearbox may be a gearbox for the tail rotor blades 120B.
The aircraft accessories may include air blowers, cooling
fans, lubrication pumps, hydraulic pumps, electrical gen-
erators, and/or the like. The bevel gear 164 is also at-
tached to a helical spur gear 166 via a common shaft
165. Thus, the bevel gear 164, common shaft 165, and
helical spur gear 166 rotate together about a common
axis. Torque applied to the bevel gear 164 is transmitted
via the common shaft 165 to the helical spur gear 166.
The helical spur gear 166 meshes with, and transmits
rotational energy to, a bull gear 167. The bull gear 167
is integral with a sun gear 171 of the planetary gear set
170. Thus, torque applied to the bull gear 167 is trans-
mitted to the sun gear 171.
[0034] The power train system 110 may include more
than one of the engines 112, such as two engines 112,

which may increase redundancy of the power train sys-
tem 110. In such embodiments, the gear train 161 further
includes a second input pinion 162’, a second helical bev-
el gear portion 163’, a second bevel gear 164’, a second
common shaft 165’, a second helical spur gear 166’, and
a second accessory drive gear 190’, each of which may
be similar to its previously-described counterpart. De-
scriptions will not be repeated herein. Rotational energy
provided at either or both of the input pinions 162 and
162’ is ultimately combined at the bull gear 167 and trans-
mitted to sun gear 171.
[0035] In the planetary gear set 170, the sun gear 171
is a straight-cut spur gear that meshes with, and transmits
rotational energy to, a plurality of planet gears 172. The
planet gears 172 are rotatably mounted to a planetary
carrier 173. The planetary gear set 170 may have any
number of planet gears 172, and in the illustrated em-
bodiment, has six planet gears 172. The planetary carrier
173 includes a plurality of posts 174, each of which is
configured to receive one of the plurality of planet gears
172. Each of the posts 174, therefore, defines the rota-
tional axis for a corresponding planet gear 172 rotatably
mounted thereon. The planetary carrier 173 is an over-
hung planetary carrier, having a plurality of downwardly-
extending, cantilevered posts 174. It should be appreci-
ated that the components of the planetary gear set 170
(e.g., the planetary carrier 173) may have other config-
urations and orientations. For instance, in some embod-
iments, the planetary carrier 173 may instead include a
lower plate, an upper web, and planetary posts extending
between the lower plate and upper web.
[0036] Each of the planet gears 172 meshes with a ring
gear 175. The ring gear 175 is stationary. For example,
the ring gear 175 may be fixedly mounted in or on the
gearbox housing 180, and does rotate with respect to the
gearbox housing 180. The planetary carrier 173 estab-
lishes spatial relationships among the sun gear 171, plan-
et gears 172, and ring gear 175. In particular, each of the
planet gears 172 meshes with both the sun gear 171 and
the ring gear 175. Because the sun gear 171 rotates while
the ring gear 175 is fixed, the planet gears 172 travel on
an orbiting path about the sun gear 171 as they rotate
on the posts 174. The orbiting action causes the planetary
carrier 173 to rotate.
[0037] The planetary carrier 173 includes internal
splines 176. The internal splines 176 mesh with mating
external splines 118 on the rotor mast 114. Thus, the
planetary carrier 173 serves as the main output for the
gearbox 160, and transmits rotational energy to the rotor
mast 114. The bull gear 167, sun gear 171, planetary
carrier 173, and rotor mast 114 are all operable to rotate
about a substantially common axis of rotation 195.
[0038] Sensors 200 are disposed on the components
of the gear train 161. Notably, the sensors 200 may be
disposed on either fixed features or moving features of
the gear train 161. An example of a fixed feature may be
the gearbox housing. An example of a moving feature
may be the planetary gear set 170 and its components.
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In the illustrated embodiment, the sensors 200 are dis-
posed on sidewalls of the planetary carrier 173, adjacent
to portions of the planetary carrier 173 that are connected
to the posts 174. It should be appreciated that the sensors
200 may be disposed on other moving features, such as
any components of the planetary gear set 170. For ex-
ample, the sensors 200 may be disposed on a major
surface of the bull gear 167, a major surface of the sun
gear 171, other surfaces of the planetary carrier 173, or
the like. Further, the sensors 200 may be disposed on a
combination of fixed and moving features. The sensors
200 maybe sealed devices that are capable of operating
in a fluid, such as in oil of the gearbox 160.
[0039] The gearbox 160 converts a large amount of
power to torque. In some embodiments, the engines 112
provide as much as 2500 horsepower to the gearbox
160. As such, moving features of the gearbox may fail
sooner than fixed features of the gearbox. Because the
sensors 200 are attached to the moving features of the
gear train 161, they may be more capable of detecting
problems with the moving features than sensors attached
on the fixed features of the gearbox such as the gearbox
housing). In particular, the sensors 200 may be able to
directly measure certain operating conditions of the mov-
ing features, while sensors attached to the gearbox hous-
ing 180 may only be able to indirectly measure those
operating conditions, e.g., through the use of signal
processing.
[0040] The sensors 200 may be any type of sensors,
such as vibration sensors, temperature sensors, debris
sensors, oil quality sensors, or the like. In embodiments
where the sensors 200 are vibration sensors, they may
be operable to measure physical parameters such as
vibration levels of the components of the gear train 161
or the overall gearbox. Vibrations levels in excess of a
threshold may indicate a failure condition of monitored
components, particularly for moving features. In embod-
iments where the sensors 200 are temperature sensors,
they may be operable to measure physical parameters
including ambient temperatures, such as oil tempera-
tures. Temperatures in excess of a threshold may also
indicate a failure condition. In embodiments where the
sensors 200 are debris sensors, they may detect impu-
rities in the ambient environment around the gear train
161. The presence of debris may also indicate a failure
condition, such as premature wear on a component,
breakage of a component or gear tooth, or the like. In
embodiments where the sensors 200 are oil quality sen-
sors, they may be operable to measure physical param-
eters or characteristics of the gearbox oil, such as the
amount of water in the oil, the acidity of the oil, the amount
of air or foam in the oil, or the like. Oil characteristics in
excess of a threshold may also indicate a failure condi-
tion.
[0041] The sensors 200 attached to the moving fea-
tures of the gear train 161 move during operation, and in
some embodiments, are wireless, battery-powered sen-
sors that have no connecting wires for power or data

transmission. Conversely, the sensors 200 attached to
the fixed features of the gearbox 160 may have connect-
ing wires, or may be wireless to avoid requiring ingress
points for physical data or power wiring. The sensors 200
are operable to communicate with, e.g., the rotorcraft
computers 102 of the rotorcraft 100, with a wireless gate-
way on the rotorcraft, with a remote data collections serv-
er, or the like. Transduced signals from the sensors 200
may be used by CLAWS to control flight of the rotorcraft
100, or may be used by HUMS to collect and analyze
health and/or usage data for the rotorcraft 100, or by an
onboard or remote system for maintenance or failure
monitoring.
[0042] The gear train 161 may be regularly services
as part of regular aircraft maintenance. Rebuilding the
gear train 161 is a costly maintenance procedure. When
the sensors 200 are battery-powered, the battery life of
the individual sensors 200 may be shorter than the typical
time between rebuilds of the gear train 161. In particular,
the sensors 200 may be used during each flight of the
rotorcraft 100, and so the batteries of the sensors 200
may discharge before the gearbox 160 is scheduled for
rebuild. Because rebuilding the gearbox 160 is a costly
maintenance procedure, disassembling the gearbox 160
to charge the batteries of the sensors 200 may be unde-
sirable. Thus, multiple sensors may be disposed in the
same components, so that failures of a particular sensor
200 or discharge of a battery powering a sensor 200 may
be detected, and a new, working sensor 200 activated
to provide continuous monitoring for a time longer than
the battery life of an individual sensor 200.
[0043] Fig. 5 is a logical diagram illustrating operation
of a redundant sensor system according to some em-
bodiments. The system switches between sensors as
each sensor depletes its battery charge or becomes non-
functional. Thus, the system has sensor coverage from
a time a component enters service 511 until a time where
the component is accessed for maintenance 513. Sensor
1 501A is active, or in an active mode 505A, and sensor
2 501B and sensor 3 501C are inactive, or in an inactive
mode 509B, 509C, immediately after installation. The
sensors 501A...501C are installed with batteries at full
charge 503A...503C. The initial operating modes contin-
ue until the active sensor, sensor 1 501A, has a battery
charge 507A that falls below a threshold. When sensor
1 501A becomes deactivated, sensor 2 501B switches
to active mode 505B and operates until the battery charge
507B falls below a threshold. When sensor 2 503B be-
comes deactivated, sensor 3 501C switches to an active
mode 505C and operates until the component is ac-
cessed removed for maintenance. The number of sen-
sors 501A...503C may be selected so that battery life of
the sensors 501A...501C extends from the time the com-
ponent enters service 511 until the time where the com-
ponent is accessed for maintenance 513. In the de-
scribed example, the last sensor, sensor 3 501C, has a
usable battery life 509 at the time where the component
is accessed for maintenance 513.
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[0044] Figs 6A and 6B are logical diagrams illustrating
management of sensors in a redundant sensor system
according to some embodiments. In some embodiments,
a component may be in continuous operation, for exam-
ple, on a rotorcraft or aircraft, or in an industrial machine.
During the periods where a component is not in use, all
sensors may enter periods of inactivity. This may be re-
ferred to as a sleep mode, and may be used to conserve
battery during these periods of inactivity. In sleep mode,
components may monitor for wake triggers, but may, for
example, power down certain subsystems such as com-
munications, processors, transducers, or the like to con-
verse power.
[0045] Fig. 6A is a logical diagram illustrating operation
of a sensor system with sensors 601A...601C reactive to
wake triggers 617. Initially, at a first time point 603, the
system may initialize 605 the sensors 601A...601C by
setting an initial mode. The initialization may be set during
installation of the sensors 601A...601C, for example, by
setting the mode of the sensors 601A...601C manually,
by the sensors 601A...601C receiving initialization mes-
sages from a sensor management element, or by the
sensors 601A...601C communicating with each other to
set the initial mode 607.
[0046] The component associated with the sensors
601A...601C may remain out of use, and when the com-
ponent is used at a second time point 609, the sensors
601A...601C may detect a wake trigger 617. In some
embodiments, the wake trigger 617 may be a vibration
or movement (which may be after a period of no vibra-
tion), a wireless signal from the sensor management el-
ement, a timer expiring, or the like. Upon waking up, each
sensor 601A...601C shares their current status (with ei-
ther the gateway or with each other). Initially, one sensor
is assigned an active mode, while other sensors are held
in reserve in sleep mode 635. At each wake trigger, the
system evaluates which sensor 601A...601C should be
active, and determines whether a mode change is nec-
essary for any of the sensors 601A...601C. The sensors
601B...601C designated as not active will return to sleep
mode 635 to conserve battery charge 625 until the next
wake trigger 617 is received. The active sensor 601A
enters an active mode 627 until an inactive trigger 619
is detected at a third time point 611. The inactive trigger
619 may be a period of inactivity, lack of motion, lack of
vibration, a wireless signal from the sensor management
element, the expiration of a timer, or the like.
[0047] Upon detecting the inactive trigger 619, the ac-
tive sensor 601A may enter a sleep mode 633, preserving
the remaining battery charge 631 while the component
is not in use until the next wake trigger 617. When the
component is used a subsequent time, the sensors
601A...601C detects the next wake trigger 617 at a fourth
time point 613 and reevaluates which sensor
601A...601C should be active. The system again deter-
mines whether a mode change is needed for any of the
sensors, and the active sensor 601A is put into an active
mode 629, while the inactive sensors 601B...601C return

to sleep mode 635. The active sensor remains in active
mode 629 until another inactive trigger 619 is detected
at a fifth time point 615, and then the active sensor 601A
enters sleep mode 639 again to preserve the remaining
battery charge 637.
[0048] This cycling of the sensors to evaluate the state
of the sensors 601A...601C at the beginning of each com-
ponent use period may continue until the component is
accessed or maintenance, with the system designating
a new active sensor when a current active sensor is de-
termined to have failed, or when the current active sensor
is determined to lack sufficient battery charge to perform
monitoring.
[0049] Fig. 6B is a logical diagram illustrating sensor
switching by a sensor system with sensors 601A...601C
reactive to wake triggers 617. In this example, at a sixth
time point 641, a wake trigger 617 is detected. The sys-
tem determines that sensor 1 601A has a battery with a
low battery charge 651, and that sensor 2 601B and sen-
sor 3 601C each have a battery in a fully charged state
653. The system may determine that a new active sensor
is required due to the low battery charge 651 of sensor
1 601A, and that a mode change for sensor 1 601A is
needed. The system may assign sensor 1 601A to enter
a deactivated mode 659, and may select sensor 2 601B
as the new active sensor based on the rules that arbitrate
which sensors change mode. Sensor 2 601B may then
be assigned to enter an active mode 655. The system
may further determine that sensor 3 601C will maintain
the same mode, and cause sensor 3 601C to enter sleep
mode 661. When an inactive trigger 619 is detected at a
seventh time point 643, sensor 2 601B may enter a sleep
mode 661 to preserve the remaining battery charge 657,
while sensor 1 601A remains in the deactivated mode.
[0050] When a wake trigger 617 is detected at an
eighth time point 645 due to the component entering use,
the system may repeat the sensor state evaluation for
the remaining sensors 601B...601C that are not deacti-
vated to determine whether a mode change is needed
for the remaining sensors 601B...601C.
[0051] Fig. 7 is a flow diagram illustrating a method
701 of operating a sensor system according to some em-
bodiments. In block 703, initial sensor states may be de-
termined and assigned. In some embodiments, the initial
sensor states are modes that are assigned to each sen-
sor prior to operation or evaluation of the sensor operat-
ing states. For example, the initial sensor states may be
set prior to the sensors being installed, with the sensor
states stored in memory of the sensors. Alternatively, the
initial sensor states may be assigned by a sensor man-
agement element or by arbitration or determination by
the sensors themselves, either prior to a first wake trigger,
or in response to the first wake trigger. In block 705 the
sensors detect a first wake trigger and wake up. In block
707, each of the sensors, if operational, determine sensor
service data. In block 709, the system determines the
active sensor, and whether any modes changes are
needed. In some embodiments, each of the sensors may
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transmit its own sensor service data to each other sensor,
and receive the sensor service data from each other sen-
sor. Based on the other sensor service data and local
sensor service data, a sensor may determine whether
an active sensor already exists, whether the existing ac-
tive sensor will remain the active sensor based on the
sensor service data for the currently active sensor, and
whether the current sensor should become the new ac-
tive sensor. In other embodiments, the sensor manage-
ment element may acquire sensor service data for all
sensors in the system, and may use the sensor service
data to make the determination on whether there is a
current active sensor, whether the active sensor needs
to be assigned or reassigned, and whether any other
mode change is needed. In block 711, the modes are
assigned to each of the sensors. In embodiments where
the sensors themselves determine the active sensor,
each sensor may determine and assign its own mode.
In embodiments where the sensor management element
determines the modes, the sensor management element
may send messages regarding mode assignment to each
sensor in the system. In block 713, sensors that are as-
signed to be inactive or deactivated enter a sleep mode
or a deactivated mode. In block 715, the sensor that was
assigned to be the active sensor reads sensor reading
data, and wirelessly transmits the sensor reading data
to the sensor data server. The active sensor continues
to read and send the sensor reading data until the active
sensor detects an inactive trigger and enters sleep mode.
The active and inactive sensors remain in sleep mode
until a subsequent wake trigger is detected in block 707,
and the process is repeated.
[0052] Fig. 8 is a flow diagram illustrating a method
801 of operating a sensor management element accord-
ing to some embodiments. In block 803, the sensor man-
agement element may send a wake trigger to sensors in
the system associated with the sensor management el-
ement. In other embodiments, the sensor management
element may omit sending the wake trigger, and the sen-
sors may respond to a wake trigger detected as a result
of operation of the component being monitored, a timer,
or the like. In block 805, the sensor management element
receives sensor service data from the sensors. The sen-
sor management element may continue to wait for sensor
service data form the sensors until sensor service data
is received from all sensors in the system that are not
already known to be deactivated, or until a predetermined
time is met or exceeded in block 807.
[0053] When the sensor management element is done
collecting sensor service data, the sensor management
element identifies a current active sensor in block 809,
if a current active sensor exists and has sent sensor serv-
ice data. In block 811, the sensor management element
determines, according to the sensor service data asso-
ciated with the current active sensor, whether the current
active sensor is operating within normal operating limits.
For example, the sensor management element may de-
termine whether the current active sensor has a battery

charge that exceeds a predetermined threshold, indicat-
ing that the sensor has a battery charge sufficient to per-
form monitoring. Additionally, the sensor management
element may determine, from the sensor service data,
whether the current active sensor is operating properly,
for example, that the sensor has not experienced oper-
ating failures such as sensor values being out of range,
open circuit or short circuits in sensor circuitry or wiring,
or data quality being out of an acceptable range.
[0054] If the sensor management element determines
that the current active sensor is operating within normal
operating limits, in block 813, the sensor management
element may notify the sensors of their assigned modes,
and may maintain the current active sensor as the active
sensor. Thus, the sensor management element may ver-
ify each sensors mode to cause the sensors to enter a
sleep or active state in a timely manner. If the sensor
management element determines that the current active
sensor is not operating within normal operating limits, in
block 817, the sensor management element determines
the active sensor according to the sensor service data
from sensors that are operating within normal operating
limits. The sensor management element may also deter-
mine whether any other sensors need to have a mode
changed, and in block 819, may assign modes to each
of the sensors. For example, the sensor management
element may determine that a previously inactive sensor
should be a new active sensor, and the previously active
sensor may be deactivated. The sensor management
element may notify the sensors of their respective modes
in block 813.
[0055] After the sensor are notified of their modes, the
sensor management element may, in block 815, then
receive sensor reading data from the active sensor. The
sensor management element continues to receive sen-
sor reading data until the active sensor enters a sleep
mode or is deactivated. In some embodiments where the
sensor management element controls the wake trigger,
the sensor management element may, in block 821, send
an inactive trigger to cause the active sensor to enter a
sleep mode. The process may then repeat.
[0056] Fig. 9 is a flow diagram illustrating a method
901 of operating a sensor in a sensor system managed
by a sensor management element according to some
embodiments. In block 903, the sensor detects a wake
trigger. The wake trigger may be a message sent from
the sensor management element, a physical trigger such
as vibration of the monitored component, a timer expiring,
or the like. In block 905, the sensor generates sensor
service data, and in block 907, the sensor sends the sen-
sor service data to the sensor management element. The
sensor service data may include configuration informa-
tion, sensor identification data, power data, sensor state
data, environmental data, operational data, or the like,
and may be used by the sensor management element
to determine whether sensor is operating within normal
operating limits.
[0057] In block 909, the sensor receives a mode noti-
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fication message from the sensor management element.
The mode notification message may include information
identifying the mode the sensor is assigned, whether a
mode change needs to be performed, or the like. The
sensor determines which mode it will enter, and if the
mode is the deactivated mode, the sensor shuts down in
block 911. If the assigned mode is an inactive mode, the
sensor enters sleep mode in block 913, and waits for a
subsequent wake trigger to repeat the process.
[0058] If the assigned mode is the active mode, the
sensor is assigned to be the active sensor, and the sensor
enters the active mode in block 915. The sensor then
takes sensor readings in block 917, and in block 919
sends associated sensor reading data to a sensor data
server. The sensor may continue taking sensor readings
and sending the sensor reading data until an inactive
trigger is detected in block 21. When the inactive trigger
is detected, the sensor enters sleep mode in block 913,
and waits for a subsequent wake trigger to repeat the
process. In some embodiments, the inactive trigger may
be a message from the sensor management element, or
in other embodiments, may be a period or no vibration
or movement of the monitored component, expiration of
a timer, or the like.
[0059] Fig. 10 is a flow diagram illustrating a method
1001 of operating a sensor in a sensor system managed
using sensor based sensor switching according to some
embodiments.
[0060] In block 1003, the sensor detects a wake trigger.
The wake trigger may be a message sent from the sensor
management element, a physical trigger such as vibra-
tion of the monitored component, a timer expiring, or the
like. In block 1005, the sensors generate sensor service
data and send the sensor service data to each other sen-
sor in the system in block 1007. In block 1009, the sensor
receives sensor service data form each of the other sen-
sors. In block 1011, the sensor determines which sensor
in the sensor system is the current active sensor. The
sensor may determine the mode assignment or which
sensor is the active sensor from the sensor service data
of the sensor, which may include the current mode in
sensor state data of the sensor service data. In block
1013, the sensor determines whether the sensor is the
current active sensor.
[0061] If the sensor is the current active sensor, in block
1015, the sensor may determine whether it is operating
within normal limits. If the sensor is not operating within
normal limits, the sensor may shut down in block 1017,
as the sensor may determine that, for example, the sen-
sor has depleted its useful battery charge or otherwise
become inoperable, and the sensor may shut down and
allow the remaining sensors in the system to select a
new active sensor. If the sensor is operating within normal
limits, the sensor may assume that it remains the active
sensor, and may enter active mode in block 1019. Once
the sensor enters active mode, the sensor take sensor
readings in block 1021 and send the sensor reading data
to a sensor data server in block 1023. The sensor may

repeat the collection and sending of sensor readings until
an inactive trigger is detected in block 1025, after which
the sensor may enter sleep mode in block 1033 and re-
peat the process.
[0062] If the sensor determines that it is not the current
active sensor in block 1013, then the sensor may attempt
to determine whether another sensor is the active server,
or whether a new active server is assigned. In block 1027,
the sensor may determine whether the active sensor,
which is another sensor in the sensor system, is operating
within normal limits. If the active sensor is operating nor-
mally, then the sensor, which is not currently the active
sensor, assumes that the currently active sensor should
continue as the active sensor, and the sensor may enter
sleep mode in block 1033.
[0063] If the current active sensor is not operating with-
in normal operating limits, the sensor determined a new
active sensor in block 1029. The new active sensor may
be selected according to one or more rules or selection
criteria using the battery charge of each of the reaming
sensors in the system, the sensor service data of the
remaining sensors, or the like. In block 1031, the sensor
determines whether it should itself be the new active sen-
sor. If the sensor is the new active sensor, the sensor
may enter active mode in block 1019, take sensor read-
ings in block 1021, and send the sensor reading data to
the sensor data server in block 1023 as described above.
If the sensor determines, in block 1031 that it is not the
new active sensor, the sensor may assume that another
sensor has become the active senor, and may enter sleep
mode in block 1033 and repeat the process.
[0064] An embodiment method for operating a sensor
system includes detecting a first wake trigger by a plu-
rality of sensors associated with a component disposed
in a remote location, generating, by each sensor of the
plurality of sensors, sensor service data that includes a
battery charge level of a respective sensor of the plurality
of sensors, determining an active sensor according to
the sensor service data of each sensor of the plurality of
sensors, and assigning the active sensor to enter an ac-
tive mode assigning each sensor of the plurality of sen-
sors, other than the active sensor, to enter a sleep mode,
generating, by the active sensor, sensor reading data
indicating a physical parameter of the component until
an inactive trigger is detected by the active sensor, send-
ing the sensor reading data by the active sensor using a
wireless transmission to a sensor data server, and leav-
ing the active mode by the active sensor and entering a
sleep mode by the active sensor after the active sensor
sends the sensor reading data and in response to the
active sensor detecting an inactive trigger.
[0065] In some embodiments, determining the active
sensor includes determining, by a sensor of the plurality
of sensors, that the sensor is the active sensor. In some
embodiments, the method further incudes sending, by
each sensor of the plurality of sensors, the respective
sensor service data to each other sensor of the plurality
of sensors, and determining, by the sensor of the plurality
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of sensors, that the sensor is the active sensor includes
determining, by the sensor of the plurality of sensors and
according to the sensor service data of the sensor and
sensor service data received from other sensors of the
plurality of sensors, that the sensor is the active sensor.
In some embodiments, determining, by the sensor, that
the sensor is the active sensor includes determining that
the sensor is the active sensor in response to determining
that the sensor was previously the active sensor and fur-
ther in response to the sensor service data of the sensor
indicating that the battery charge level of the sensor ex-
ceeds a predetermined charge threshold and further in-
dicating that the sensor, while the sensor was previously
the active sensor, operated free of operating failures. In
some embodiments, determining the active sensor in-
cludes determining, by a sensor management element
of the sensor system, that a sensor of the plurality of
sensors is the active sensor. In some embodiments, the
method further includes sending, by each sensor of the
plurality of sensors, the respective sensor service data
to the sensor management element, and sending, by the
sensor management element to the sensor, a mode as-
signment message indicating that the sensor is assigned
to enter the active mode, where the determining, by the
sensor of the plurality of sensors, that the sensor is the
active sensor includes determining, by the sensor, ac-
cording to the mode assignment message, that the sen-
sor is the active sensor. In some embodiments, each
sensor of the plurality of sensors has a battery charge
run time that is less than a service interval of the com-
ponent, and a battery charge lifetime of the sensor sys-
tem extends past the service interval of the associated
component, where the battery charge lifetime of the sen-
sor system is the battery charge run time of each sensor
of the plurality of sensors when used in sequence.
[0066] An embodiment sensor device includes a trans-
ducer, a wireless interface circuit, a battery, and a con-
troller connected to the battery, the transducer and the
wireless interface circuit. The controller is configured to
detect a wake trigger, generate sensor service data,
where the sensor service data includes a battery charge
level of the battery, transmit the sensor service data
through the wireless interface circuit, determine whether
the sensor device should be an active sensor in a plurality
of sensor devices according to at least the sensor service
data, enter an active mode in response to determining
that the sensor device should be the active sensor, enter
a sleep mode in response to determines that the sensor
device should not be the active sensor, generate, while
the sensor device is in the active mode, sensor reading
data according to a reading from the transducer and until
an inactive trigger is detected by the sensor, send the
sensor reading data by the active sensor using a wireless
transmission to a sensor data server, and leave the active
mode and entering a sleep mode in response to the active
sensor detecting an inactive trigger.
[0067] In some embodiment the controller is config-
ured to transmit the sensor service data through the wire-

less interface circuit to each other sensor device of the
plurality of sensor devices, where the controller is further
configured to receive, from each sensor of the plurality
of sensor devices, other than the sensor device, other
sensor service data associated with the respective sen-
sor, and determine that the sensor device should be the
active sensor according to the sensor service data of the
sensor device and the other sensor service data received
from other sensor devices of the plurality of sensor de-
vices. In some embodiments, the wake trigger is a phys-
ical component trigger that is one of movement of the
component being monitored by the sensor device, or vi-
bration of the component after a predetermined period
without vibration. In some embodiments, the controller
is configured to determine that the sensor device should
be the active sensor in response to determining that the
sensor device was previously the active sensor and fur-
ther in response to the sensor service data of the sensor
device indicating that the battery charge level of the sen-
sor device exceeds a predetermined charge threshold
and further indicating that the sensor device operated
free of operating failures while the sensor device was
previously the active sensor. In some embodiments, the
controller is configured to transmit the sensor service da-
ta through the wireless interface circuit to a sensor man-
agement element, and the controller is configured to re-
ceive, from the sensor management element, a mode
assignment message indicating a mode assigned for the
sensor device is assigned to enter the active mode, enter
the active mode in response to the mode assignment
message indicating that the sensor device should be the
active mode, and enter a sleep mode in response to the
mode assignment message indicating that the sensor
device should not be the active sensor. In some embod-
iments, the wake trigger is a first signal from the sensor
management element, and the inactive trigger is a sec-
ond signal from the sensor management element.
[0068] An embodiment system includes a rotating
component, and a sensor system having a plurality of
sensors. Each sensor of the plurality of sensors is dis-
posed on the component and monitors the component
and is configured to detect a first wake trigger generating
sensor service data that includes a battery charge level
of a respective sensor of the plurality of sensors, deter-
mine an assigned mode for the respective sensor, where
the assigned mode is assigned according to the sensor
server data of each sensor of the plurality of sensors,
where the assigned mode is one of at least an active
mode or a sleep mode, and where at least one sensor
of the plurality of sensors is determined to be an active
sensor and is assigned an active mode, enter the active
mode in response to the respective sensor determining
that the respective sensor is the active sensor and is
assigned the active mode, generate, in response to the
respective sensor being the active sensor, sensor read-
ing data indicating a physical parameter of the compo-
nent until an inactive trigger is detected by the active
sensor, send the sensor reading data by the active sensor
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using a wireless transmission, leave the active mode in
response to the respective sensor being in the active
mode and enter the sleep mode after the respective sen-
sor sends the sensor reading data and in response to
the respective sensor detecting the inactive trigger, and
enter the sleep mode response to the respective sensor
determining that the respective sensor is assigned the
sleep mode.
[0069] In some embodiments, each respective sensor
of the plurality of sensors is configured to send the re-
spective sensor service data to each other sensor of the
plurality of sensors, and determine the assigned mode
for the respective sensor by determining, according to
the sensor service data of the respective sensor and sen-
sor service data received from other sensors of the plu-
rality of sensors. In some embodiments, each respective
sensor of the plurality of sensors is configured to deter-
mine that the assigned mode for the respective sensor
is the active mode and that the respective sensor is the
active sensor in response to determining that the respec-
tive sensor was previously the active sensor and further
in response to the sensor service data of the respective
sensor indicating that the battery charge level of the re-
spective sensor exceeds a predetermined charge thresh-
old and further indicating that the respective sensor, while
the respective sensor was previously the active sensor,
operated free of operating failures. In some embodi-
ments, the system further includes a sensor manage-
ment element configured to assign the assigned mode
for each sensor of the plurality of sensors, and send a
mode assignment message to each sensor of the plural-
ity of sensors, where the mode assignment message in-
dicates the assigned mode for the respective sensor, and
where each respective sensor of the plurality of sensors
is configured to determine the assigned mode according
to the respective mode assignment message. In some
embodiments, the sensor service data further includes
sensor state data of the respective sensor, where each
respective sensor of the plurality of sensors is configured
to send the respective sensor service data to the sensor
management element, and where the sensor manage-
ment element is further configured to assign the assigned
mode for each sensor of the plurality of sensors according
to a battery charge state and sensor state data of the
respective sensor. In some embodiments, the sensor
management element is further configured to send the
wake trigger as a first signal to each sensor of the plurality
of sensors, and send the inactive trigger as a second
signal to each sensor of the plurality of sensors. In some
embodiments, each sensor of the plurality of sensors has
a battery charge run time that is less than a service in-
terval of the component, and a battery charge lifetime of
the sensor system extends past the service interval of
the component, where the battery charge lifetime of the
sensor system is the battery charge run time of each
sensor of the plurality of sensors when used in sequence.
[0070] Embodiments may achieve advantages. The
use of the sensors on the moving features of mechanical

equipment (such as e.g., the planetary gear set of the
gearbox) may allow the mechanical systems to be more
accurately monitored, and may allow failures to be de-
tected earlier. Because rebuilding remote systems such
as sealed or otherwise inaccessible systems is a costly
maintenance procedure, disassembling the relevant sys-
tem to replace sensors or charge the batteries of the sen-
sors may be undesirable. Sequential use of redundant
sensors permits wireless monitoring of mechanical sys-
tems for time periods longer than could be achieved by
a single sensor.
[0071] Although this invention has been described with
reference to illustrative embodiments, this description is
not intended to be construed in a limiting sense. Various
modifications and combinations of the illustrative embod-
iments, as well as other embodiments of the invention,
will be apparent to persons skilled in the art upon refer-
ence to the description. It is therefore intended that the
appended claims encompass any such modifications or
embodiments.

Claims

1. A method for operating a sensor system, comprising:

detecting a first wake trigger by a plurality of sen-
sors associated with a component disposed in
a remote location;
generating, by each sensor of the plurality of
sensors, sensor service data that comprises a
battery charge level of a respective sensor of
the plurality of sensors;
determining an active sensor according to the
sensor service data of each sensor of the plu-
rality of sensors, and assigning the active sensor
to enter an active mode;
assigning each sensor of the plurality of sensors,
other than the active sensor, to enter a sleep
mode;
generating, by the active sensor, sensor reading
data indicating a physical parameter of the com-
ponent until an inactive trigger is detected by the
active sensor;
sending the sensor reading data by the active
sensor using a wireless transmission to a sensor
data server; and
leaving the active mode by the active sensor and
entering a sleep mode by the active sensor after
the active sensor sends the sensor reading data
and in response to the active sensor detecting
an inactive trigger.

2. The method of Claim 1, wherein the determining the
active sensor comprises determining, by a sensor of
the plurality of sensors, that the sensor is the active
sensor; and optionally or preferably wherein:
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a) the method further comprises sending, by
each sensor of the plurality of sensors, the re-
spective sensor service data to each other sen-
sor of the plurality of sensors; and
wherein the determining, by the sensor of the
plurality of sensors, that the sensor is the active
sensor comprises determining, by the sensor of
the plurality of sensors and according to the sen-
sor service data of the sensor and sensor serv-
ice data received from other sensors of the plu-
rality of sensors, that the sensor is the active
sensor; or.
b) the determining, by the sensor, that the sen-
sor is the active sensor comprises:
determining that the sensor is the active sensor
in response to determining that the sensor was
previously the active sensor and further in re-
sponse to the sensor service data of the sensor
indicating that the battery charge level of the
sensor exceeds a predetermined charge thresh-
old and further indicating that the sensor, while
the sensor was previously the active sensor, op-
erated free of operating failures.

3. The method of Claim 1, wherein the determining the
active sensor comprises determining, by a sensor
management element of the sensor system, that a
sensor of the plurality of sensors is the active sensor;
and optionally or preferably, wherein the method fur-
ther comprises:

sending, by each sensor of the plurality of sen-
sors, the respective sensor service data to the
sensor management element; and
sending, by the sensor management element to
the sensor, a mode assignment message indi-
cating that the sensor is assigned to enter the
active mode;
wherein the determining, by the sensor of the
plurality of sensors, that the sensor is the active
sensor comprises determining, by the sensor,
according to the mode assignment message,
that the sensor is the active sensor.

4. The method of any one of Claims 1 to 3, wherein
each sensor of the plurality of sensors has a battery
charge run time that is less than a service interval of
the component, and wherein a battery charge life-
time of the sensor system extends past the service
interval of the associated component, wherein the
battery charge lifetime of the sensor system is the
battery charge run time of each sensor of the plurality
of sensors when used in sequence.

5. A sensor device, comprising:

a transducer;
a wireless interface circuit;

a battery; and
a controller connected to the battery, the trans-
ducer and the wireless interface circuit,
wherein the controller is configured to:

detect a wake trigger;
generate sensor service data, wherein the
sensor service data comprises a battery
charge level of the battery;
transmit the sensor service data through the
wireless interface circuit;
determine whether the sensor device
should be an active sensor in a plurality of
sensor devices according to at least the
sensor service data;
enter an active mode in response to deter-
mining that the sensor device should be the
active sensor;
enter a sleep mode in response to deter-
mines that the sensor device should not be
the active sensor;
generate, while the sensor device is in the
active mode, sensor reading data according
to a reading from the transducer and until
an inactive trigger is detected by the sensor;
send the sensor reading data by the active
sensor using a wireless transmission to a
sensor data server; and
leave the active mode and entering a sleep
mode in response to the active sensor de-
tecting an inactive trigger.

6. The sensor device of Claim 5, wherein the controller
is configured to transmit the sensor service data
through the wireless interface circuit to each other
sensor device of the plurality of sensor devices;
wherein the controller is further configured to:

receive, from each sensor of the plurality of sen-
sor devices, other than the sensor device, other
sensor service data associated with the respec-
tive sensor; and
determine that the sensor device should be the
active sensor according to the sensor service
data of the sensor device and the other sensor
service data received from other sensor devices
of the plurality of sensor devices.

7. The sensor device of Claim 5 or claim 6, wherein the
wake trigger is a physical component trigger that is
one of movement of the component being monitored
by the sensor device, or vibration of the component
after a predetermined period without vibration.

8. The sensor device of any one of Claims 5 to 7, where-
in the controller is configured to determine that the
sensor device should be the active sensor in re-
sponse to determining that the sensor device was
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previously the active sensor and further in response
to the sensor service data of the sensor device indi-
cating that the battery charge level of the sensor de-
vice exceeds a predetermined charge threshold and
further indicating that the sensor device operated
free of operating failures while the sensor device was
previously the active sensor.

9. The sensor device of any one of Claims 5 to 8, where-
in the controller is configured to transmit the sensor
service data through the wireless interface circuit to
a sensor management element; and
wherein the controller is configured to:

receive, from the sensor management element,
a mode assignment message indicating a mode
assigned for the sensor device is assigned to
enter the active mode;
enter the active mode in response to the mode
assignment message indicating that the sensor
device should be the active mode; and
enter a sleep mode in response to the mode
assignment message indicating that the sensor
device should not be the active sensor; and op-
tionally or preferably wherein the wake trigger
is a first signal from the sensor management el-
ement, and wherein the inactive trigger is a sec-
ond signal from the sensor management ele-
ment.

10. A system, comprising:

a rotating component; and
a sensor system having a plurality of sensors,
wherein each sensor of the plurality of sensors
is disposed on the component and monitors the
component;
wherein each respective sensor of the plurality
of sensors is configured to:

detect a first wake trigger;
generating sensor service data that com-
prises a battery charge level of a respective
sensor of the plurality of sensors;
determine an assigned mode for the re-
spective sensor, wherein the assigned
mode is assigned according to the sensor
server data of each sensor of the plurality
of sensors, wherein the assigned mode is
one of at least an active mode or a sleep
mode, and wherein at least one sensor of
the plurality of sensors is determined to be
an active sensor and is assigned an active
mode;
enter the active mode in response to the
respective sensor determining that the re-
spective sensor is the active sensor and is
assigned the active mode;

generate, in response to the respective sen-
sor being the active sensor, sensor reading
data indicating a physical parameter of the
component until an inactive trigger is detect-
ed by the active sensor;
send the sensor reading data by the active
sensor using a wireless transmission;
leave the active mode in response to the
respective sensor being in the active mode
and enter the sleep mode after the respec-
tive sensor sends the sensor reading data
and in response to the respective sensor
detecting the inactive trigger; and
enter the sleep mode response to the re-
spective sensor determining that the re-
spective sensor is assigned the sleep
mode.

11. The system of Claim 10, wherein each respective
sensor of the plurality of sensors is configured to:

send the respective sensor service data to each
other sensor of the plurality of sensors; and
determine the assigned mode for the respective
sensor by determining, according to the sensor
service data of the respective sensor and sensor
service data received from other sensors of the
plurality of sensors.

12. The system of Claim 11, wherein each respective
sensor of the plurality of sensors is configured to
determine that the assigned mode for the respective
sensor is the active mode and that the respective
sensor is the active sensor in response to determin-
ing that the respective sensor was previously the ac-
tive sensor and further in response to the sensor
service data of the respective sensor indicating that
the battery charge level of the respective sensor ex-
ceeds a predetermined charge threshold and further
indicating that the respective sensor, while the re-
spective sensor was previously the active sensor,
operated free of operating failures.

13. The system of Claim 11 or Claim 12, further com-
prising a sensor management element configured to
assign the assigned mode for each sensor of the
plurality of sensors, and send a mode assignment
message to each sensor of the plurality of sensors,
wherein the mode assignment message indicates
the assigned mode for the respective sensor; and
wherein each respective sensor of the plurality of
sensors is configured to determine the assigned
mode according to the respective mode assignment
message.

14. The system of Claim 13, wherein:

a) the sensor service data further comprises
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sensor state data of the respective sensor, and
wherein each respective sensor of the plurality
of sensors is configured to send the respective
sensor service data to the sensor management
element; and
wherein the sensor management element is fur-
ther configured to assign the assigned mode for
each sensor of the plurality of sensors according
to a battery charge state and sensor state data
of the respective sensor; and/or
b) the sensor management element is further
configured to:

send the wake trigger as a first signal to
each sensor of the plurality of sensors; and
send the inactive trigger as a second signal
to each sensor of the plurality of sensors.

15. The system of any one of Claims 11 to 14, wherein
each sensor of the plurality of sensors has a battery
charge run time that is less than a service interval of
the component, and wherein a battery charge life-
time of the sensor system extends past the service
interval of the component, wherein the battery
charge lifetime of the sensor system is the battery
charge run time of each sensor of the plurality of
sensors when used in sequence.
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