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SENSOR INFRASTRUCTURE

RELATED APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 11/437,539, now U.S. Pat. No. 7,627,439, filed May 18,
2006, which is a continuation of U.S. application Ser. No.
11/071,129, filed Mar. 3, 2005, now U.S. Pat. No. 7,373,260,
which claims the benefit of priority to U.S. Provisional Appli-
cation Ser. No. 60/549,668 filed Mar. 3, 2004, U.S. Provi-
sional Application Ser. No. 60/616,748, filed Oct. 7, 2004 and
U.S. Provisional Application Ser. No. 60/616,705, filed Oct.
7,2004, each of which is herein incorporated by reference in
its entirety.

GOVERNMENT GRANT

The Government of the United States of America has cer-
tain rights in this invention pursuant to contract No. FA9550-
05-C-0024 awarded by the Air Force Office of Scientific
Research (AFOSR).

FIELD OF THE INVENTION

The invention generally relates to the field of sensing,
monitoring, damage detection and structural health monitor-
ing systems defused in aerospace, automotive, naval, civil or
other applications.

BACKGROUND OF THE INVENTION

Known methods of laboratory non-destructive structural
testing (NDT) methods, such as X-ray detection and C-scans,
are impractical for service inspection of built-up structures
due to the size and complexity of their infrastructure. Struc-
tural Health Monitoring (SHM) involves the incorporation of
non-destructive test methods into a structure to provide con-
tinuous remote monitoring for damage. SHM systems are
systems with the ability to detect and interpret adverse
changes in a structure, such as an airplane or other aircraft,
automobiles, and naval applications, for example. SHM sys-
tems that have been implemented in diverse industries gen-
erally include the adhesion of strain gauges or thermocouples
to monitor changes in strain, frequency and temperature.
Known forms of SHM are “black-boxes” on aircraft that
collect critical flight data.

SUMMARY OF THE INVENTION

The invention relates to a damage detection sensor to pro-
vide packaged components to facilitate damage detection
using a variety of sensors and sensing methods. An embodi-
ment of the invention includes a device for use in detecting an
event in a structure, the device comprising a sensor encapsu-
lation, the encapsulation containing a sensor, an actuator
positioned substantially in-plane to the sensor within the
housing and a printed circuit board in communication with at
least one of the sensor and the actuator. The printed circuit
board includes a microprocessor constructed and arranged to
collect data from at least one of the sensor and the actuator, a
signal generator constructed and arranged to provide excita-
tion to at least one of the sensor and the actuator, and an
amplifier to condition the excitation.

Implementations of the invention can include one or more
of'the following features. The sensor can include a sensor that
measures at least one of stress, strain, vibration, acoustics,
temperature, humidity, pressure, acceleration, location, rota-
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tion, radiation, electric fields, magnetic fields, light or motion.
The device may include a connector to provide a power and a
data connection between the device and a sensor network bus.
The connector can include a micro-USB connector. The
device may also include a wireless chip positioned in the
sensor encapsulation. The device may include a thin film
lithium ion battery to supply power to the device. The micro-
processor can be configured to collect analog data from at
least one of the sensor and the actuator, and further configured
to convert the analog data to digital data. The digital data can
be stored locally.

Further implementations of the invention may include one
or more of the following features. The sensor encapsulation
can include an outer cylindrical ring and a lid, and wherein the
sensor and the actuator can be positioned in the cylindrical
ring. The sensor can be at least one of a geometry including
triangular, circular, semi-circular, square, rectangular,
octagonal, hexagonal, and pie-shaped. The actuator can be at
least one of a geometry including triangular, circular, semi-
circular, square, rectangular, octagonal, hexagonal, and pie-
shaped. The actuator can substantially completely surround
the sensor. The sensor can substantially completely surround
the actuator. The device can include a plurality of sensors
co-located on at least one piezoelectric wafer, wherein the
plurality of sensors are collectively at least partially sur-
rounded by the actuator. The device can include a plurality of
actuators co-located on at least one piezoelectric wafer,
wherein the plurality of actuators are collectively at least
partially surrounded by the sensor. The sensor can provide
substantially a 360-degree radial detection of structural
occurrences in a material.

In order to practically attain the full economic and design
benefits of SHM, several components that amount to sensor
infrastructure are integrated into a small package, and an
architecture is developed. The components can include a
microprocessor to command testing, a function generator to
excite actuators, an amplifier to increase signal strength, an
acquisition chip to collect data, power, connectors, a commu-
nication standard, shielding from electric and magnetic inter-
ference, and casing to protect and package the components.

The invention provides one or more of the following capa-
bilities. The damage detection infrastructure can be mass-
produced at a low cost, and customized for any application in
software. The infrastructure can be broadly defused in aero-
space, automotive, naval and civil applications, or any field in
which a single sensor or a distributed network of sensors is
required to collect data. The infrastructure can be integrated
into ageing structures or integrated into newly designed struc-
tures. The invention can enable the elimination of scheduled
inspections. Structural design can be improved with
increased reliability and reduced life-cycle costs. Embodi-
ments of the invention can be constructed without the use of
solder and exposed wires. Fewer sensors can accomplish
detection without limiting the range over which detecting is
desired. Embodiments of the invention can be implemented
as a continuously monitoring system, which can require less
human intervention. Other capabilities will be apparent upon
areview of the Figures and Detailed Description that follows.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an assembly view of a damage detection device.

FIG. 2 is atop perspective view of the internal portion of an
assembled damage detection device.

FIG. 3 is an assembly drawing of the piezoelectric stack
contained in the casing of a damage detection device.

FIG. 4A is a portion of the piezoelectric stack of FIG. 3.






