METHOD AND SYSTEM FOR PASSIVELY DETECTING AND
LOCATING WIRE HARNESS DEFECTS This invention was made with
government support under Contract No. NO0421-05- D-0116 awarded by
the Department of Defense. The US government may have certain rights
in this invention. BACKGROUND The systems and techniques described
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specifically, they relate {gpartiah diseharges pranitoring for detecting faults,
such as chafing, in wiring harnesses. A wiring harness is a group of wires

that are pbundled together in order to simplify their handling and raouting.
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and chafing during vibration or other physical loading, which can lead to
B AleljraBatioNlin the wire, and ultimately a loss of performance. The
problem is especially significant in high- vibration environments, such as
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reflectometry. However, each of these has limitations. For instance, in
many circumstances, such as within an aircraft, much of the wiring is not
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-wires in order to attach them to the testing system. Reflectometry, which
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enerally less able to detect developing problems whi
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k)ing and chafing during
vibration or other physical loading, which can lead to degradation in the wire, and
ultimately a loss of performance. The problem is especially significant in high-

vibration environments, such as helicopters.

Monitoring the wires within a bundled hamess is desirable to detect faults as they
develop, and before they become severe enough that the signal being carried by a wire
is lost entirely. Various techniques have been used, including visual inspection,
impedance testing, and reflectometry. However, each of these has limitations. For
instance, in many circumstances, such as within an aircraft, much of the wiring is not
available for visual inspection without significantly dismantling the hamesses.
Impedance testing requires connecting and disconnecting wires in order to attach
them to the testing system. Reflectometry, which involves sending a pulse down a
wire and then studying the peaks and waves of its reflection as it returns, is an
effective technique, but is generally less able to detect developing problems while
their magnitude is still small. In effect, chafing and fraying is not effectively detected

by such techniques.



their magnitude is still small. In effect, chafing and fraying is not effectively
detected by such techniques. 1 Because of these and other limitations of
existing monitoring technologies, there is a continuing need for improved
systems for detecting and localizing wiring defects, such as chafing.
SUMMARY In accordance with one aspect of the techniques described
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and attaching a second sensor to the wire at a second location. ena
suchifseld@&tected in at least one of the sensors, a segment of data is
captured from each sensor, such that a first segment of data is captured
SUMNMA R first sensor, and a second segment of data is captured from the
second sensor. A time stamp corresponding to the pulse and the
captured data is also_captured.. A set of. signal features. associated wit
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with the pulse and the time stamp 1s stored in 2 storage database.

In accordance with another aspect of the systems described herein, a passive wire
defect detection system includes a pair of sensors, a data acquisition device, and a
diagnostics engine. Each of the pair of sensors is attached to a wire to be monitored,
each sensor at a different location along the length of the wire. The data acquisition
device is configured to receive signals from each of the pair of sensors and to record a
segment of data from each sensor in response to detecting a pulse in the signal from
one of the sensors. The diagnostics engine is configured to receive the segments of
data from the data acquisition device and to output a defect decision indicating

whether the pulse corresponds to a defect in the wire.
BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects, and advantages of the present invention will

become better understood when the following detailed description is read with



whether the pulse corresponds to a defect in the wire. BRIEF
DESCRIPTION OF THE DRAWINGS These and other features, aspects,
and advantages of the present invention will become better understood
when the following detailed description is read with 2 reference to the

accom ing drawings in,which like characters represent like part
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threegisar suchasmightizecitsed in one embodiment of an aircraft wiring

system, in partial cross-section; FIG. 2 illustrates embodiments of sensors
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embodiment of an exemplary system for monitoring wires for defects;
empiGiracillusirateswat winbadiment ohdarbflowotsrotiitothe diagnostics
engine; FIG. 5 illustrates one embodiment of data flow through the
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of the decision model. DETAILED DESCRIPTION OF EXEMPLARY

MBODIMENTS As discussed above, there is currently no system
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and systems described herein are useful for passively monitoring wires
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ndividual wires. Because the system monitors the wirgs passively, the
active pulsing of individual wires can be avoided. This means that
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interfering with the operation of the systems that the wires are connected
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a fault along the length of a wire, allowing for more targeted repair and
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As discussed above, there 1s currently no system available that can detect and locate
wire chafing without disconnecting the wires or passing a high voltage signal through
them. The methods and systems described herein are useful for passively monitoring
wires within a hamess and detecting evolving faults, such as chafing, in individual
wires. Because the system monitors the wires passively, the active puising of
individual wires can be avoided. This means that monitoring can be performed on a
continuous basis, and without interfering with the operation of the systems that the
wires are connected to. In addition, the technigues can. also be used to localize the

positton of a fault along the length of a wire, allowing for more targeted repair and

maintenance.

Figure 1 illustrates a single exemplary wire. The wire 100 has a conductive core 110,
and s surrounded by a layer of insulation 120. The entire wire 1s wrapped in 2 sheath
130. The wire conductive core 110 camed electrical signals, and the msulation 120
and sheath 130 protect the wire from mechanical damage, and prevent it from coming
into direct contact with other electrically conductive materials, such as other wires,
that would interfere with the operation of the wire. Individual wires 100 may be
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and is surrounded by a layer of insulation 120. The entire wire is wrapped
in a sheath 130. The wire conductive core 110 carried electrical signals,
and the insulation 120 and sheath 130 protect the wire from mechanical
damage, and prevent it from coming into direct contact with other
electrically canductive materials, sych as other, wires, ,that. would interfere
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detblindles.of wires for easier handling. This will be discussed in greater
detail below. As shown in Figure 1, wire 100 can have a sensor 150
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embodiment, the sensor, also referred to as a current probe’ is a
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one or more conductive léads 170. The surface of the probe 150 is
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the sensor 150 form a toroidal coil that surrounds the wire 100. Once
17 Satapregbtisd sidelthiis cartsgamahp e wenduets@rRufatso to respond
to the current flowing in the conductive core 110 of the wire. In essence,
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current within the leads in response to discharges due to wire defects.
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_as illustrated in Figure 1 for a single wire 100 using a single sensor 150, it
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attaBE&BLERHB \Wir@s Wwithin acsingle bundle are generally routed between
the same locations, it is common to provide a

In addition to the system as illustrated in Figure 1 for a single wire 100 using 2 single
sensor 150, it is also possible to use such a current probe to monitor an entire bundle
of wires at once, as shown in Figure 2. Generally, when multiple wires 100 are
bundled together for easier handling, they are arranged so that each wire 100 within
the bundle 200 runs roughly parallel to one another. Because the wires within a single
bundie are generally routed between the same locations, it is common to provide a
collective connector 210 at each end of the bundle of wires to make it easier to

connect and disconnect the wires from the rest of the system.

When monitoring bundles 200 of wires 100, it is possible to use a separate sensor 150
around each wire within the bundle. This provides for individualized information
about the current flowing within each wire of the bundle. However, it is also possible
that a single sensor 150 can be wrapped around the outside of an entire bundie of

wires, as shown in Figure 2. While such an arrangement allows for a single probe 150



collective connector 210 at each end of the bundle of wires to make it
easier to connect and disconnect the wires from the rest of the system.
When monitoring bundles 200 of wires 100, it is possible to use a
separate sensor 150 around each wire within the bundle. This provides
for individyalized information, about the current flowing, within each wire of
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signatappetharoendrtiel Ohtsideoflarbentired0dndle of wires, as shown in
Figure 2. While such an arrangement allows for a single probe 150 4 to
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e embedded into connector 210 for each wire 100 terminating In that
singp rReTtofoAlRsrAativelindis HifleoSeviser 6P the ehtirerbaddtd 200 of wirgsr
210100 may be embedded into connector 210. In yet another arrangement,

an inline embedded sensor 250 can be created by providing a pair of
connectors back to back, with the sensors for each wire embedded within
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incorpagrated herein in its entirety by reference. The current in the wire
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current that are reflected by currents induced in the sensor 150.
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of the current in the wire without requiring any physical contact with the
Thecemtesmwonduttorwirthe 00 can vary for a variety of reasons, for instance,

deterioration of the insulation 120 surrounding the core 110 can lead to partial
discharges of current that are reflected by currents induced in the sensor 150.
therefore, the wrap-around sensor 150 allows for the passive monitoring of the current
in the wire without requiring any physical contact with the center conductor in the
wire. A partial discharge (“PD”) refers to an abrupt change in current in the wire 100
that can be generated during the breakdown of insulation or when current arcs

between the wire and another component,

The systems described below operate by examining the information from a pair of
sensors at different locations along the length of a monitored wire or wire bundle. For
instance, the system may analyze the data associated with two sensors disposed along
the length of the same wire. If bundies of wires are monitored collectively (i.e., one
sensor is used for the entire bundle), then the pair of sensors are desirably both

monitoring the same collection of individual wires.



wire. A partial discharge ("PD") refers to an abrupt change in current in the
wire 100 that can be generated during the breakdown of insulation or
when current arcs between the wire and another component. The
systems described below operate by examining the information from a

pair of sensors at different locations along the length of a monitored wire
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collection of individual wires. 5 The system may monitor and receive data
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above, a variety of sensor types (inline, embedded, individually wrapped,

As SiGdNBoPe disRASRA #lQBG e 6ot AhR Sindle e, RaValhASSRRSNsSd,

being disposed alorig different wires or wiré bundles that are in use. ‘
ete i aupaveE, thasd tergidhenkineddadin Sinals vEhasdrd opstsenpesideme

disPER A RRNGEHS-AN VRSP AIRYaeLF WIreR: 1MHeSEPedimeRthat

illustrated in Figure 3, the data associated with both sensor locations for

1s apabredineid abwatheetidleoopthsrhnsi soitaprs phicnseranaligsame wire or

bundie of wires. In the embodiment illustrated in Figure 3, the data associated with
both sensor locations for each wire 100 in the bundle 200 form a suitable patr for

analysis.

Each sensor 1s associated with a specific wire 100 or bundle 200, and more generally,
with the signal or signals that are carried by the monitored wire. In addition, each
sensor is associated with a location along the length of the wire or bundle, as

measured from some reference point.

The output of the sensors is sent to a high-speed data acquisition device (DAQ) 310
for recording. The DAQ 310 notes the signals coming in from each sensor, and
monitors the signals for cach monitored wire at each location over time. The DAQ
may also perform an analog to digital conversion of the data. This signal data is sent
to the diagnostics engine 320 for processing and analysis. The engine 320 analyzes
the data for each sensor and location to detect and localize faults within the monitored
wiring. The diagnostic engine uses diagnostic algorithms and decision models in order

to determine whether or not the received data indicates the presence of one or more



Each sensor is associated with a specific wire 100 or bundle 200, and
more generally, with the signal or signals that are carried by the
monitored wire. In addition, each sensor is associated with a location
along the length of the wire or bundle, as measured from some reference
point. The output of the sensors is sent to a high-speed data acquisition
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320 for processing and analysis. The engine 320 analyzes the data for
PETSEHR sensor and location to detect and localize faults within the monitored

wiring. The diagnostic engine uses diagnostic algorithms and decision
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triggering conditions are met. For instance, the trigger conditions may be
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by noise on the wire,

When the DAQ detects a signal from one of its sensors that meet the triggering
conditions, the DAQ will capture a number of sequential data readings for that sensor,
as well as for any other sensors with which that sensor is paired. In general, this will
be the other sensors that are configured to monitor the same wire or bundle of wires at
other locations. These segments of data for the sensor producing the triggering signal,
as well as the segments of data for any sensors associated with sensors paired with the
triggering signal, are forwarded along with an appropriate time stamp to the

diagnostics engine for analysis.

Figure 4 illustrates the handling by the diagnostics engine 320 of a pair of segments of
data for sensors when a triggering event has occurred. The signal data 400 for each
sensor in the pair, as well as a time stamp 410 corresponding to the time for the
captured signal data 400 is sent from the DAQ 310 to the diagnostics engine 320. In
addition to the captured data, the diagnostics engine 320 also retrieves the DAQ
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and forward data when a pulse is detected in the monitored wire. Such

pulses may be caused by, for example, a spark being created by the wire,

partial discharge event, or by noise on the wire. When the DAQ detects a

signal from one of its sensors that meet the triggering conditions, the

DAQ will capture a number of sequential data readings for that sensor, as
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event has occurred. The signal data 400 for each sensor in thé pair, as
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In addition o the captured data, the diagnostics engine 320 also retrieves
the DAQ 7 parameters 420 that characterize the operating rules of the
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each sensor. The diagnostics engine 320 includes two modules that are
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decision.

Figure 5 illustrates the various models employed by the analysis module 450 fo
generate the desired signal features 460. These models include a curve fitting model
500, a noise model 510, a fast-Fourier transform (FFT) model 520, and a statistical
model 530. Each of these models comprises a set of executable code that is used to
analyze the incoming data, e.g. the signal data 400, and execution of the model in the
diagnostic engine 320 produces one or more of the signal features 460 that the
analysis module 450 determines for the signal. Each model, and its output signals,

will be discussed in greater detail below.

The curve fitting model 500 is used to perform Weibull analysis on the incoming
signal data. This analysis generates a pair of maximum likelihood estimates of scale
and shape parameters that can be used to characterize a Weibull distribution for the
signal data 400. The shape and scale parameters are those parameters that, when used

with Equation I, below, produce a model that fits the signal data received. Such
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features 460 associated with the incoming signal data 400; and a decision
module that uses the signal features 460 and other information, such as
the DAQ parameters and distance between the sensors, to make a
decision as to the nature and location of any defect associated with the
sensor signal data. This defect decision 480 can include whether or not
techpigugyas JBtvcicd [Bprasants W deRicmprtHembRiEc Suchr vdestribution
fund@eANA% Rbauchadaieal. a7d fpagR3ure of the confidence associated
with the decision. Figure 5 illustrates the various models employed by the
analy_sig module 450 to generate the desired signal features 460. These
¥ =mibdlels inéludéa curve fitting ridakatisnd) a noise model 510, a
fast-Fourier transform (FFT) model 520, and a statistical model 530. Each
of these models comprises a set of executable code that is used tq .. .
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incoming signal data. This analysis generates a pair of maximum
likelihood estimates of scale and shape parameters that can be used to
characterize a Weibull distribution for the signal data 400. The shape and
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techniques are known in the art as a way of approximating a probability

noigfSHH BRIHEN M b THAT BERreRsOnES olihatd atcrdadpied for the signal data
400/ 78 ReL 1D MEauaten Ahl %ﬁ&ﬂ? W@é&i%%%}ﬁ&%.lwm

while the shape parameter is "b". This an?;é/sis to determine
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autocorrelation function can be used to improve the frequency estimate of the signal
data. The main frequency and its amplitude are output as features 460 of the analyzed

signal data 400.

The FET model 520 is used to perform a discrete Founer transform on the signal data
400 to determine the component frequencies of the signal. The Fourier transform may
be calculated using the signal data and the sampling frequency {one of the DAQ
parameters 420) and feeding them to a Fast-Fourier Transform algorithm, as is known
in the art. The ten most significant component frequencies are output as features of

the signal.

The statistical model 530 is a group of statistical routines that extract common
descriptive statistics associated with the data signal 400.  Such parameters are known
in the art and can include the minimum value of the signal, the maximum value of the
signal, the mean, harmonic mean, geometric mean, root mean square value of the

signal, the crest factor, the absolute deviation, the standard deviation, the skew, the



these four parameters is output as part of the features 460 of the analyzed
signal data 400. The noise model 510 is used to generate data that can
be used by the decision module 470 to differentiate between data signals
representing faults in the wire and simply noise in the signal. An
amplitude spectrum estimate is calculated for the signal data 400, and
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signal as is known in the art. Technigues such as using the amplitude

spectrum of the autocorrelation function can be used to improve th .
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signal. The statjstical model 530 is.a group of statistical.routines that
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of the signal, the maximum value of the signal, the mean, harmonic
al%%gﬂfﬁb%‘(%ﬁ?gﬂji‘i 1¥°root mean square value of the signal, the crest

factor, the absolute deviation, the standard deviation, the skew, the 9
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that generated the signal data 400. The elements that make up the defect decision 480
are: a flag indicating whether the signal represents a discharge (indicating a defect in

the wire) or noise on the line; and a location of the detected discharge event and

defect, if the signal is not determined to be noise.

Figure 6 illustrates schematically the process performed upon the data passed to the
decision module 470. As shown in step 600, the noise frequency determined by the
noise model 510 is compared to the four most significant component frequencies
determined by the FFT model 520. If the noise frequency is not within 1% of one of
the top four most significant component frequencies (step 605), then the signal is

flagged as a noise signal (step 610), and output the defect decision 480 (step 615).

If the noise frequency is within 1% of one of the four most significant component
frequencies (step 605), then a determination as to whether the signal can be qualified
as a possible discharge for the signals from both sensors is made. This is based upon

two values, the Weibull shape parameter (“b” in equation 1), and the ratio of the noise
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features, as described above, are a set of parameters that collectively
describe the signal without the need for reproducing the entirety of the
signal. The signal features may will be used in the decision module 470
as described below, and may also be stored directly in the storage

atapase addition to the mod plie ve, th :
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signal (step 610), and output the defect decision 480 (step 615). If the
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in equation 1), and the ratio of the noise 10 amplitude to the Weibull scale

thap e HstEasTs aifpiitgaR! OveTuRR bR Beafisdprge event propagates at a

constant velocity in both directions along the monitored wire until it 1s detected at
each sensor, a distance from the first sensor in the direction of the second sensor can
be esiimated. The formula used to estimate this distance is shown in Equation 2,
where: d is the distance away from sensor 1 toward sensor 2 the defect is located; L 1s
the distance between the sensors; v is the propagation velocity along the wire; t; 1s the
time of the signal maximum at sensor 1; and t; is the time of the signal maximum at

sensor 2.

g Lo=v(ty ~ 1)

5 Equation 2

If the calculated value of d is greater than or equal to zero (step 635), the signal is
flagged as a discharge event in the defect decision 480, and the location of the event is
added to the defect decision (step 640). If the calculated value of d is less than 0, then
the signal is flagged as noise (step 610).
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NOWS). If the Weibull shape is between a pair of predetermined limits or
bounds (L1 and L2), and the NOWS is between a separate pair of
predetermined bounds (L3 and L4), then the signal from that sensor is
considered to represent a discharge. The bounds are determined

xperimentally duyring the se he, syste des ricgaed -below. Thi

As gh% S isa&f)(()aé'r/?orl%rirtl“éﬁ3 ggrﬁasra ePIy oﬁr’ frffg aaé)téﬂgié%fa% ev%hngac%ggﬁgo??
expiisiap63thdhe obisaerampiituceton/36ibidlscale ratioisiCaloetatibd foesence

both sensors' signals, If the Weibull s?a e isfetween L1 and L2 fgr both
of OGS 70 RO e NeaiA L Daroe o oar L e
featthendleacsigmalliSoprdVisienallyToobsideted tehepr ésetitca\dB5sarge Blamill

And a location for the discharge,is calculated (step 630) as described ...
S G S U n L e f SHC RSty potves
and Welsadsgihiensthe signal is characterized as noise (step 610). In step 630,

the estimated location is determined for the discharge event represented
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Equation’2, where:'d is the distance away from sensor | toward sensor 2
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sensor 1; and t2 is the time of the signal maximum at sensor 2. d = L-v(t2
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~decision 480, and the location of the event is added to the defect decision
is apPEOPTBAO YO ¥ Hhe waleniatadovalue of d is less than 0, then

In addition, it will be appreciated that the communication of the data between the
DAQ 310 and the diagnostics engine 320, as well as within the diagnostics engine’s
modules 450, 470, can be carried out in a variety of ways. For example, data could be
captured by the DAQ 310 and then sent wirelessly to the diagnostics engine 320. The
diagnostics engine 320 éould then send its results to a storage database 330 that is
physically connected to the diagnostics engine’s hardware. Reporting (discussed
below) could be done wirelessly to displays located remotely from the diagnostics

engine 320 itself.

Referring back to Figures 3 and 4, the defect decision 480, along with an associated
signal features 460, or a copy of the signal data 400 itself, can be sent to a storage
database 330. The storage database provides a location from which mformation can
be retrieved at a later point in time to further examine the status of the monitored
wiring. One way of using the stored data is through a reporting system 340 that can

provide summary reports of which wires are experiencing the most discharge events,
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the signal is flagged as noise (step 610). 11 As discussed above, the
bounds LI, L2, L3 and L4 are determined through an experimental
process of running the system 300 in an environment where the presence
of defects can be confirmed independently. During the experimental runs,

the signal features are captured for.all-eyents. The b i ues
and RS R B R DU ELERICTI o SRR ANESAR5 b
donapiropgiatedidaled cehettnesrr falsepositives whuifaleetinegatiies. Witaig are

modyarious dr%?gglﬁgéscgn%_sed above may be calculated using a variety of

techniques as are known in the art. In one embodiment, the models may
~ be run using programmed routines on a general purpose computer. The
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analytic routines may be performed in firmware, or purpose built
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lagnostic device which is capable of receiving the data from the DA

trac1q, thaticoigpstiad disghetics EughsetsSowsnibeeasthmenitted invae. the
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applications. In addition, it will be appreciated that the communication of
thatrwiaea AN SESHD.DAQ 310 and the diagnostics engine 320, as well
as within the diagnostics engine's modules 450, 470, can be carried out in

ExRyauaty abwiayse Fokaxample atate ottt e d eapibie hbyitha DA out
and_then sent wirelessly to the diagnostics engine 32§§The .diagnostics .
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sod 5455 el could e dnc il o depi ecated remorel
caplibgigiefc ek pesisiortdSi-alangiwith 8:28S86tatAe are made more effective by
the passive nature of the monitoring. Using the systems and techniques described,
wires can be monitored without the need for periodic disconnecting and without the
need to send high voltage testing signals down the wires to be tested. Both of these
activities can lead to additional wear of the insulation within the wires, especially

when the wires themselves are Hghtweight.

In addition to making use of passive monitoring, the systems and techniques
described are suitabie for on-board use in real-time, unlike monitoring systems that
require disconnection of wires, or the application of external loads to wiring
harnesses. By using such hightweight, relatively inexpensive sensors, the enftire
monitoring system can be carried on board a vehicle or other system that requires

monitoring, without significantly compromising the purpose of the vehicle.

In addition to being able to operate in real-time, being always connected allows for
the monitoring system to be able to detect and locate faults before other safety

systems, such as arc fault circuit breakers, can react. By detecting such emerging

13



signal features 460, or a copy of the signal data 400 itself, can be sent to
a storage database 330. The storage database provides a location from
which information can be retrieved at a later point in time to further

examine the status of the monitored wiring. One way of using the stored
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reporting system may also be used to monitor the defect decisions that
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as pilots or mechanics to areas that require urgent attention.
use M mobiieAlieENEn ek A8 SRR M @HEERiques described herein

have borne out that such passive monitoring systems can be used to
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the passive nature of the monitoring, Using the systems and techniques
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herdhiemselves are lightweight. In addition to making use of passive
monitoring, the systems and techniques

Furthermore, the skilled artisan will recognize the interchangeability of wvarious
features from different embodiments. For example, the real-time reporting described
with respect to one embodiment can be adapted for use with the storage of defect data
- for later use during scheduled maintenance. Similarly, the various features described,
as well as other known equivalents for each feature, can be mixed and matched by one
of ordinary skill m this art to construct additional systems and techniques in

accordance with principles of this disclosure.

Although the systems herein have been disclosed in the context of certain preferred
embodiments and examples, it will be understood by those skilled in the art that the
invention extends beyond the specifically disclosed embodiments to other alternative
embodiments and/or uses of the systems and techniques herein and obvious
modifications and equivalents thereof. Thus, it is intended that the scope of the

invention disclosed should not be limited by the particular disclosed embodiments
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described are suitable for on-board use in real-time, unlike monitoring
systems that require disconnection of wires, or the application of external
loads to wiring harnesses. By using such lightweight, relatively
inexpensive sensors, the entire monitoring system can be carried on

desDRRL vehicle onaharsvsiem hatregies monioring WG o
signi |cantYy compromising Ré purpose of the Vehicl§1R addition 6 belng

follable to operate in real-time, being always connected allows for the
monitoring system to be able to detect and locate faults before other
safety systems, such as are fault circuit breakers, can react. By detecting
such emerging 13 defects and faults prior to failure, overall equipment life
can be preserved, and the reliability and readiness of the system can be
improved. In testing, chafes as small as 511 micrometers produced
signals that were detected and categorized as defects by the system. The
various embodiments of monitoring techniques described above thus
provide a way to provide real-time detection of emerging faults in wires
and wire harnesses. These techniques and systems also allow for
on-board detection systems suitable for use in mobile platforms, such as
helicopters or aircraft. Of course, it is to be understood that not
necessarily all such objects or advantages described above may be
achieved in accordance with any particular embodiment. Thus, for
example, those skilled in the art will recognize that the systems and
techniques described herein may be embodied or carried out in a manner
that achieves or optimizes one advantage or group of advantages as
taught herein without necessarily achieving other objects or advantages
as may be taught or suggested herein. Furthermore, the skilled artisan
will recognize the interchangeability of various features from different
embodiments. For example, the real-time reporting described with
respect to one embodiment can be adapted for use with the storage of
defect data
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for later use during scheduled maintenance. Similarly, the various features
described, as well as other known equivalents for each feature, can be
mixed and matched by one of ordinary skill in this art to construct
additional systems and techniques in accordance with principles of this
dlsclosure Although the systems herein have been disclosed in the
WHSAEX %referred embodiments and examples, it will be
understood by those skilled in the art that the invention extends beyond

1. the speeificdlypdisckised embodinentsie ttheefiternat vectbmbaciments:

and/or uses of the systems and techniques herein and obvious

atta% élg@itigrg%r%r%g qé"Wﬁ" 9{?0&-{9}{5 it is intended that the scope of

nvention disclosed s not mlted by the particular disclosed
embodiments 14 descrlbed above but should be determined only by a
attagliine A ARG TRRSeTAR BT ralio R PBARGATORS CLAIMED IS: 1. A

method for passively monitoring a wire for defects, the method
capB@Rrising: satdehing ddiestieensey fosassireatastitshibegtianiadtabhingan

second sensor to the wire at a second | catl capturing a first se
the SFERIS O U A F S SAP B SACAT LS #ft%%%ta et
senS&NEQl fanckactideeatamp when a pulse is detected in at least one of the
first sensor and the second sensor; calculating a set of signal features

associated WI the from the first segm nto ta the 0
Cal%@g%r)né’n% offtd) cf ? r%seag g?rllaplxt ée et%mtﬁn a dePect eg%l;[o%e ent of
ciatmmmmmemcrfoiaﬂa@nkemcted@mmprepresents a defect in the

monitored wire using the signal features associated with the pulse; and

aetétetmghg defect deeision ansesipiRdmdt e YIS and the e S@MpURe

a storage
represents a defect in the monitored wire using the signal features associated with the

pulse; and

storing the defect decision associated with the pulse and the time stamp in a storage

database.

2. A method as in Claim 1 wherein the calculating step is performed using an
analysis module comprising a curve fitting model, a noise model, an FFT model and a

statistical model, each of which is used to generate at least one of the signal features.

3. A method as in Claim 2 wherein the curve fitting model is used to calculate a
Weibull scale and a Weibull shape for each of the first segment of data and the second
segment of data, the noise model is used to calculate a noise frequency and a noise
amplitude for each of the first segment of data and the second segment of data, the
FFT model is used to calculate a plurality of component frequencies found in each of
the first segment of data and the second segment of data, and the statistical model 1s
used to calculate 2 time of peak signal for each of the first segment of data and the

second segment of data.
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database. 2. A method as in Claim | wherein the calculating step is
performed using an analysis module comprising-a curve fitting model, a
noise model, an FFT model and a statistical model, each of which is used
to generate at least one of the signal features. 3. A method as in Claim 2
wherein the curve fitting model is used to calculate a Weibull scale and a
4. WeibutgthapefondaaimpBtvefirens BynilsttrotisHia sah feaigesongomparing
the gﬁ%@‘ﬁ@&ﬁé&g@p{ﬂg RS MPHELIS e@ﬁg&ﬁeﬁ@m&m&%%%@%%mt of

a noise litude for each of the first segment of data and the
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second segment of data, and the statistical model is used to calculate a
WetlmB efiansale sigirapfot eeichl afrgetfirstised hevedt dath ahetpensachigtion
assé&%%&ftﬁ@@etééeﬁ'ful@:‘?th‘)d as in Claim 3 wherein the determining

step comprises comparing the noise frequency to the most significant
comﬁgent frequencies of each segment of data, calculating the ratio of

5 the NORENBAIE Nk WeTBRISCchIe he deH! segieAt ofifaggond sensor
conGRRBAERg e alitad fifrdt sebefuresetsimingsh heuasis: aRMpBIRgLheich

eibull shape to a second set of predetermined bounds, and calculating a

the Guoh I iedyeRter TR aaIS R DI SRicBI A RE IR IFeRlAfhiDE wire

whhereieach ofthedirstsansgieangidhe second sensor comprises a
flexible substrate and a conductive lead disposed upon the substrate,

6 sucr%r#hat.currentés%énd%ced tin the (;tonductive. lead by fluctuations in the

© currBrR AR THR Wk  GRa A THE Leh &6F Fén\A?Pa{BBIélané%und the wire. 6. A

passive wire defect detection system comprising: a pair of sensors, each

a paittadhredstosa wwive 104sbath dnitora ek av diffenenitioedtiv b tidomy ldeetienyahong

the% r}h w%rgl;e% qtaeta acquisition device configured to receive signals from
each of the pair of sensors

a data acquisition device configured to receive signals from each of the pair of sensors
and to record a segment of data from each sensor in response to detecting a pulse in

the signal from one of the sensors;

a diagnostics engine configured to receive the segments of data from the data
acquisition device and to output a defect decision indicating whether the pulse

corresponds to a defect 1n the wire.

7. A system as in Claim 6 wherein each of the sensors comprise a fiexibie
substrate and a conductive lead disposed upon the substrate such that current is
induced in the conductive lead by fluctuations in the current in the wire when the

sensor 18 wrapped around the wire,

8. A system as in Claim 6 wherein the diagnostics engine comprises an analysis
module configured to calculate a set of signal features and a decision module

configured to generate a defect decision.
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and to record a segment of data from each sensor in response to
detecting a pulse in the signal from one of the sensors; a diagnostics
engine configured to receive the segments of data from the data
acquisition device and to output a defect decision indicating whether the
pulse corresponds to a defect in the wire. 7. A system as in Claim 6

9. whetethsiaripomhdaBnbaRcEsmprsechafotmel Supuransssingd with each
of GRNduchvedead dispossmhpnan thewubstiateauchthat GHieniHgydnducrke

in the conductive lead by fluctuations in the current in the wire when the

freauensyr isnpisppeaErsGnd HErdlirs. . popsiashtdssmrensify-airharbmase 2

peafliagNQsHGR SROINECAMRESESAN analysis module configured to calculate
a set of signal features and a decision module configured to generate a

defect decision, 17 9, A system as, in Claim 8 wherein the set of signal
10 feat(r8XHTLA Btéd R S5eF Bt the ‘g%%ﬂ?é“n OISt B compare

the Weibull-gaateyadMeibnlsshapes canotsenikegue feynantiise eaphitudendnt of
plurality of component frequencies, and a time of a . peak for.each
ot AT P B0 S SRRyt T R B e R fppeseement of
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most significant component frequencies of each segment of data, i
shag 1. &P EREC b O DRE RITEE ARV Yo e WOTGT Seatsbtgggmociated
withegmpnéaidgataes. compare the ratio to a first set of predetermined bounds,

compare the Weibull shape to a second set of predetermined bounds,
and calculate a location associated with the detected pulse. 18
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