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Maintaining aging aircraft wiring can be a difficult and frustrating task.  Several emerging 
t h l i h ld i f d i th ti ff t d diffi lt f l ti f lt itechnologies hold promise for reducing the time, effort, and difficulty of locating faults in 
wiring systems. 

Handheld testers can be used to determine the length of a wire, and to map out a small 
network.  This can be compared to diagrams of known wire systems to determine where a 
fault exists. Most often these handheld test units would be used after a fault is identified, to 
locate the fault precisely (typically within 2-6 inches).  

The University of Utah is using this ruggedized handheld PC from Juniper Systems to test 
and develop a wide range of technologies.

The next application of these emerging technologies is the Smart Breaker.  Existing thermal 
circuit breakers trip only when there is a large excess current.  If a small arc occurs on the 
wire, the wire will be severely damaged before the breaker blows.  New Arc Fault Circuit 
I (AFCI) di i l b k d i d i h h i i d i hInterrupters (AFCI) are digital breakers designed to trip when the noise associated with an 
arc is detected.  Typically this lasts just a few milliseconds and results in minimal 
observable damage to the wire.  This is a very exciting technology for reducing in-flight 
fires, but it leaves behind a maintenance nightmare.  The maintainer is called in to handle a 
tripped breaker with damage that is extremely difficult or impossible to find.  Emerging 
technologies that can run live and in flight hold promise for locating these intermittent arcs 
while they occur, and directing the maintainer to the correct location for repair.
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The next application of these technologies is in a Smart Connector or connector saver, that 
contains electronics and data analysis hardware to determine where faults are live and in 
flight in all types of wiring.



There are a wide variety of test methods, and this talk is focused on those that hold promise 
to become inexpensive miniature sensors for widespread use.

Probably the simplest and least expensive of these technologies is the capacitance sensor.  
The total capacitance (or inductance in th case of a short circuited wire) is proportional to 
the total length of the wire.  This method is highly effective for locating faults, however it 
cannot be used on a network of wires.  The far end of the wire must be disconnected, which 
is OK for handheld use but not OK for live in situ applicationis OK for handheld use but not OK for live in situ application.

Time Domain Reflectometry (TDR) is a traditional wire testing method.  It sends a short 
pulse down the wire and recieves a reflection (or echo) from the far end of the wire.  The 
time between incident and reflected signals tells the length of the wire.

Analog reflectometry sends a sine wave down the wire and receives the reflected sine waveAnalog reflectometry sends a sine wave down the wire and receives the reflected sine wave 
echo.  The phase difference between these two waves tells the length of the cable. This 
method can be used on a network of cables, but in most cases, the wire cannot be live at the 
time.

Digital reflectometry methods are among the newest of the emerging technologies.  This 
method sends a digital code down the wire and correlates the echo and incident signals.  
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This method can work on live cables without interferance and is suitable for networks of 
wires.



Each class of wire testing technologies has advantages and disadgantages.

(discuss tradeoff matrix)
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This 555 timer is a simple example of a capacitance measurement circuit.  The wire 
acts as the capacitor in an astable multivibrator configuration.  As the wire 
decreases in length, the capacitance decreases, and the output frequency is 
decreased.  This frequency of oscillation can be found using a simple “counter” or a 
frequency to voltage converter.
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Data from the 555 timer are very linear and accurate to within 2-6 inches.  Shielded 
cables are the most accurate.  
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Here is the handheld tester built with the 555 timer circuit and an associated circuit 
for measuring short circuited wires.
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Several specific technologies from each family are available for use in wire testing 
or are emerging.

The top three methods have something in common. They are all correlation 
methods.
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There are three aspects of a signal that you can correlate.

Amplitude correlation determines the length of the wire from its loss.  This is 
fraught with error, as many factors contribute to this loss, not all of which are 
controllable.

Ti d i l ti l k t ti hi t t d t i h i l t hTime domain correlation looks at time history to determine when signals match up.

Phase correlation is highly effective for finding wire length.  

Frequency correlation would only apply if the incident signal was not kept constant 
in frequency during the test.in frequency during the test.  
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Since this is a time domain method, the TDR requires a fast rise time pulse and a 
fast time domain sampler.
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These wires did not have the protection of the arc fault circuit interrupter.  The wire 
are either open or short circuited, depending on the wire.
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Sends a set of stepped frequency sine waves down the cable

Size of steps and number of frequencies can be adapted to control resolution 
and maximum length

Reflected field is separated from incident field

DC voltage is measured
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The FDR is like an abbreviated version of the TDR.  The TDR includes “all” 
frequencies, and the FDR includes a subset of these frequencies.  The FDR data at 
these frequencies is virtually identical to the results that the TDR would give at 
those frequencies.  The FDR advantage is that it does not require a fast-rise time 
pulse or a fast sampler, so the electronics are smaller and less expensive, making it a 
good candidate for in situ inspection.
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Sends a set of stepped frequency sine waves down the cable

Reflected field is added to incident field to produce a standing wave

Voltages at the incident frequencies (normally a few 100s of MHz to a few GHZ) 
are measured to map the standing wave
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This data comes from a system to measure the height of fluid in  a reservoir by 
measuring the length of a cable in water.  The resolution is about 1 mm.
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There are a wide variety of test methods, and this talk is focused on those that hold promise 
to become inexpensive miniature sensors for widespread use.

Probably the simplest and least expensive of these technologies is the capacitance sensor.  
The total capacitance (or inductance in th case of a short circuited wire) is proportional to 
the total length of the wire.  This method is highly effective for locating faults, however it 
cannot be used on a network of wires.  The far end of the wire must be disconnected, which 
is OK for handheld use but not OK for live in situ applicationis OK for handheld use but not OK for live in situ application.

Time Domain Reflectometry (TDR) is a traditional wire testing method.  It sends a short 
pulse down the wire and recieves a reflection (or echo) from the far end of the wire.  The 
time between incident and reflected signals tells the length of the wire.

Analog reflectometry sends a sine wave down the wire and receives the reflected sine waveAnalog reflectometry sends a sine wave down the wire and receives the reflected sine wave 
echo.  The phase difference between these two waves tells the length of the cable. This 
method can be used on a network of cables, but in most cases, the wire cannot be live at the 
time.

Digital reflectometry methods are among the newest of the emerging technologies.  This 
method sends a digital code down the wire and correlates the echo and incident signals.  
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This method can work on live cables without interferance and is suitable for networks of 
wires.



Each class of wire testing technologies has advantages and disadgantages.

(discuss tradeoff matrix)
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Maintaining aging aircraft wiring can be a difficult and frustrating task.  Several emerging 
t h l i h ld i f d i th ti ff t d diffi lt f l ti f lt itechnologies hold promise for reducing the time, effort, and difficulty of locating faults in 
wiring systems. 

Handheld testers can be used to determine the length of a wire, and to map out a small 
network.  This can be compared to diagrams of known wire systems to determine where a 
fault exists. Most often these handheld test units would be used after a fault is identified, to 
locate the fault precisely (typically within 2-6 inches).  

The University of Utah is using this ruggedized handheld PC from Juniper Systems to test 
and develop a wide range of technologies.

The next application of these emerging technologies is the Smart Breaker.  Existing thermal 
circuit breakers trip only when there is a large excess current.  If a small arc occurs on the 
wire, the wire will be severely damaged before the breaker blows.  New Arc Fault Circuit 
I (AFCI) di i l b k d i d i h h i i d i hInterrupters (AFCI) are digital breakers designed to trip when the noise associated with an 
arc is detected.  Typically this lasts just a few milliseconds and results in minimal 
observable damage to the wire.  This is a very exciting technology for reducing in-flight 
fires, but it leaves behind a maintenance nightmare.  The maintainer is called in to handle a 
tripped breaker with damage that is extremely difficult or impossible to find.  Emerging 
technologies that can run live and in flight hold promise for locating these intermittent arcs 
while they occur, and directing the maintainer to the correct location for repair.
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The next application of these technologies is in a Smart Connector or connector saver, that 
contains electronics and data analysis hardware to determine where faults are live and in 
flight in all types of wiring.
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