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Overview of Research

Unmitigated arc-faults present fire dangers, shock
hazards, and cause system downtime in photovoltaic
(PV) systems. The 2011 National Electrical Code®
added section 690.11 to require a listed arc-fault
protection device on new PV systems. Underwriters
Laboratories created the outline of investigation for
PV DC arc-fault circuit protection, UL 1699B, fo
certifying arc-fault circuit interrupters (AFCIs) for arc
suppression. Unfortunately, little is known about the
physics of failure of arc-fault events, and appropriate
trip times, which can vary by location in the PV
system, different electrode and polymer encapsulant
geometries and materials. In this investigation,
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to study the physics of failure of plasma arc-fault
events. A model was developed which determines
fire danger with UL 1699B-listed AFCIs and
consequences of arc-fault discharges sustained
beyond UL 1699B trip time requirements. This model
predicts temperatures for varying system
configurations and was validated by loo and 30o W
arc-faults experiments where combustion times and
temperatures were measured. This investigation
then extrapolated burn characteristics using this
model to predict polymer ignition times for exposure
to arc power levels between 100-1200 W.
Experimental tests of other materials and connectors
in close groximit to DC-DC glasma discharges was
also performed, with Fast Fourier Transform (FFT)
analysis conducted to determine arc-fault signatures
for AFCIs. Optical emission spectroscopy and
thermochemical decomposition analysis were also
conducted to assess spectral and chemical
degradation of polymer and metalic materials.

Significance of Work
As the worldwide installed capacity of
photovoltaic systems continues to grow and age,
the number of arc-faults in PV systems is
expected to increase. However, the lack of
fundamental understanding and nuisance
tripping has given rise to the need for better
sensing methodologies and Standards. This work
provides novel methods for arc-fault
characterization, detection and mitigation.
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Current & Future Work

Further research is currently being conducted to
explore the physics of failure of materials , as well as
new methodologies, such as "signature replay", to
reduce nuisance tripping in AFCIs. This work is
currently contributing to UL and NEC standards, as
well as AFCI device and i-atm plasma arc-fault
generator development, for near-term TA, IP and
journal publications submission.
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.Arcing current (amps}a. d Arcing voltage') (volts) Average Arcing Watts a Approximate electrode,
inches Om) b

Max tinie isw '

7 43 300 1/16 (16) _

7 71 500 3/16(48) 1.5

' 4 41E1 650 1/8(3.2) 1.2

14 64 900 1/4 (6.4) 0.8
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Plasma Thermal Model 
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High & Uniform electrical conductivity throughout the axially-centered column
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Thermodynamic equilibrium & i-atm low temperature plasma conditions
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• Model validated with experimental data for a uniform polycarbonate sheath with a 4.9% and 14.2%
error for the ioo and 30o W power levels respectively.

• Opportunity for developing & utilization of comprehensive model:
1. Predicting failure mechanisms of devices and materials, of varying geometries, in contact with plasma discharges.
2. Results will be published in upcoming UL1699B and NEC standards.
3. Research to be used in the development of advanced and reliable AFCI devices.
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POLYMER IGNITION TIME SUMMARY OF ARC-FAULT EXPERIMENTS WITH A PV SIMULATOR AND ARC-FAULT GENERATOR
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• Based on fire & minimum 2.5 second smoke detection time, it is suggested U L 1699B include a two
second trip time requirement for ioo W arcs to ensure AFCIs detect low power arc-faults

• Results suggest a i6.i% and 22.9% decrease in combustion times for the ioo W and 30o W
polycarbonate tests with an oxygen-ingress hole.

• Chemical analysis showed oxidation reactions (combustion) occur during arc faults and changes in

L appearance of polymers are not due to just melting.
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• Contributions in upcoming revised publication of UL1699B Standard.
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