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State of the Art Live Wire Testing

Paul Smith (LiveWire Test Labs, Inc.), Cynthia Furse (University of Utah and LiveWire Test Labs, Inc.)

A lot of effort has gone into testing wires on the ground. While this is important, certain problems remain
undetectable in an unpowered system. Tests and theoretical analysis show that problems such as wet and dry
arcs, loose pins, chafing, etc. can only be detected while an aircraft is powered and/or in flight. This leads to high
maintenance costs for a large percentage of aircraft wiring system anomalies.

There is significant hesitancy to use arc fault circuit interrupters (AFCI’s) on aircraft even though they will make
the aircraft safer. Part of the problem is that if an AFCI trips on an arc event, the damage is so small that it is
virtually undetectable on the ground even through close visual inspection. With the expectation of false trips, it
will be difficult to know if a trip event represents a real problem or a ghost.

Advances in spread spectrum wire testing continue to improve the ability to detect and to pinpoint the location of
wet arcs, dry arcs, exposed conductors in condensation, and other intermittent and hard fault events. By
continuously monitoring system wiring using smart connectors and smart circuit breakers, much of the time and
effort spent finding intermittent faults on the ground can be eliminated. Tests have been performed on wires
carrying DC, AC power, and data bus communication signals with real aircraft loads without mutual

interference. Accurate distance to fault information has been reported even with faults on branched wiring

networks and short circuits to airframe «
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Traditional Methods Work Well IF
Wire 1s OPEN or SHORT

AFCI| Wet Arc Test
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LiveWire Locates Faults while the
Wire and Fault are LIVE

/ﬂé

When a drop of water creates a wet arc,
It 1Isa SHORT CIRCUIT for a few
imilliseconds.
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LiveWire Locates Faults while the
Wire and Fault are LIVE

Less than 1 ohm
impedance
change...

| ——

When the water Is gone, the fault
1S too small to detect. We must
locate 1t In the few ms 1t 1Is a SHORT.
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To Run LIVE:

Nonlnterference with Aircraft Signals

Realistic Wire Environment
Realistic aircraft loads

Controlled / Uncontrolled Impedance Cables

Branched Wires
Data Collection and Interpretation

! iveWire

Test Labs, Inc




Livewire & Minnesota IZ i'/e ”/ire
Test Labs, Inc



New Board Development

Preliminary Specs from USAF SBIR Phase |
First pass hardware from FAA BAA
Packaging by Minnesota Defense

LT

HEAE

i 113

e 1E

B TLOg
didires

|

L

radssdeduan

TR




Arc Fault Circuit Interrupter Reduces
Size of Fault But How can you
LOCATE it?

10 A Thermal Breaker Tripped AFCI Tripped on “Wet Arc”
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To Run LIVE:

Electronic Hardware Form Factor

Realistic Wire Environment
Realistic aircraft loads

Controlled / Uncontrolled Impedance Cables

Branched Wires
Data Collection and Interpretation
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To Run Live:
Nonlnterference with Aircraft Signals

LiveWire S/ISSTDR Technology

Superimpose a tiny PN code signal that looks like
noise on the existing signal.

Test LIVE to catch intermittent faults while they

are near open or short circuits.
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STDR: Sequence TDR

PN Code

time shift H |_U | U U
U U Uy

PN Code

time shift
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SNRIBIAY “Super Stealthy TDR”

PN Code
.1
time shift

PN Code

time shift
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To Run LIVE:
Realistic Aircraft Loads

nry NAre /Plll
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120° uncontrolle '
Wire with ST
\and 400 Hz Power.

High impedance
connection at Input
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To Run LIVE:

Electronic Hardware Form Factor

Nonlnterference with Aircraft Signals

Controlled / Uncontrolled Impedance Cables

Realistic aircraft loads
Branched Wires

Data Collection and Interpretation
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Uncontrolled Impedance Cable
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To Run LIVE:

Realistic Aircraft Loads

Dry Arc (Guillotine Test)
| 1207 uncontrolled impedance

& |y Wire with LANDING GEAR

0.7} Light and RETRACTION
0.6 MOTOR 400 Hz Power.
0.5¢
0.4

High impedance
connection at Input
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Magnitude of reflection

Arc —
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To Run LIVE:
Wet Arc
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Tests In Presence of Noise

STDR test with fluorescent lamp
at 60 Hz, arc test with branched
network, arc at end of 12 ft branch.
Test with slow hardware catches
part of arc.

SSTDR test with fluorescent lamp
at 60 Hz, arc test with branched
network, arc at end of 8 ft branch
Test with slow hardware catches
part of arc.




[ To Run LIVE:

Must be able to handle BRANCHED

Circuits

Mismatch 0.66

t Feed =
-0.33®

B L1— 22
1+ 22

I

Open Circuit
1.0

Short Circuit
-1.0
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Branched Wire Mapping Network
Required under UofU develoment
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LiveWire System 2007
Data Acquisition Options

)

Smart Breakers Sensor Placement Lightning Protection I
(——

Branched Networks

Handheld / GUI lz veWire
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To Run LIVE:

Electronic Hardware Form Factor

Nonlnterference with Aircraft Signals

Realistic Wire Environment
Realistic aircraft loads

Controlled / Uncontrolled Impedance Cables

Branched Wires
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We would like to Thank our Partners
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Questions ?
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