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INTRODUCTION SIGNAL EXTENSION METHOD ADDING THE ARC

 Changes to the National Electrical Code® and  The complex frequency components of the Fourier half-  An Arc-Signal to Noise Ratio describes the relative
emergence of UL 1699B require arc fault detectors in spectrum of the inverter noise signature are used to power magnitudes of arc and background inverter noise:
the DC systems of photovoltaic arrays reconstruct a time-domain signal: ASNR— L.
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. ! . ' . - other allows one to explore the detection limits and

» Existing arc detection methods include Fourier where X[m] and ¢|m]| are the magnitude and phase of the therefore detection cagability offered by a given algorithm

transform, frequency band analysis, time-domain FFT result at the m™ frequency bin and y{n] is the output

amplitude monitoring, and analysis of electric field Inverter Noise VWaveform

strength dynamics through electromagnetic sensors

SIGNAL EXTENSION CHALLENGES
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e Low-cost, highly effective DC arc fault detectors must | * Radix-2 FFT requires integer powers of two signal lengths < 136 | l R |
be developed to mitigate the hazards and enable the | ¢ Zero-padding is used when the number of samples, A, Is p - | | Waveform with Arc_ | l
widespread adoption of photovoltaic systems less than the next largest power of two i MU
« Signal expansion involves evaluating [1] for n> N < 4 | . i it | | l
e, Damage resulting from » After reconstruction, “gaps” appear in the time-domain e Composite Synthetic Signal, ASNR =1
NN o 1t Ieft indlstocted, waveform at multiples of the original signal duration (V/£) E’“w
R S loss of life could result * The convergence requirement for the Fourier series Is In < 12 | R o ' ' |
— itk general impossible to satisfy for all frequencies in a signal . Composite Synthetic Signal, ASNR = 0.1
R e s composed of an arbitrary number of non-harmonic g 4 ——————— it ——r
B The-Solar-Panel-Fire-Threat frequenCIeS E 3 | | . | | . | . | | | |
21568 oints {MHz Reconstructed Signal e lComposﬂel Syntlhetlc|8|gngl, ASNR = 0.01|
PROBLEM STATEMENT g Pk ' ' ' :
e Designing a detection evaluation experiment with £ : = 1385 01 02 05 oa SeéIfnds 06 07 08 o i

scientifically repeatable results is difficult because of 0% 005 0 o 02 025
the lack of predictability and control over the arc SUMMARY
characteristics SIGNAL EXTENSION SOLUTION « We used signal-extension, modification of sampling
» The main source of background electrical noise ina | * Constrain signal length to an integer power of 2 rates, and combination of arcing signal with background
PV system is the power electronics (inverter, etc.) 218 points 5MHz Reconstructed Signal Inverter noise to create test signals from real-world data

o Different inverters have different noise signatures
* Noise signhatures can vary with the operating point

 These signals can be fed to digital algorithms providing
computer simulation of results
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e Arc fa.UIt deteCtOl‘S Mmust CIIStIﬂQUISh between Inverter 5% 0.05 0.1 SeooDhIdSs 0.2 0.25 ° The test Signals can also be reCreated in hardware for
noise and the actual occurrence of an arc . . . j _ j
Fourier Spectra from Inverter Noise Reconstruction more thorough testing of arc fault-detecting
0.01 | | | | | | | | |
PPROACH _ microcontroller prototypes
° I I " " % E 0.005 P
A I|brqry of inverter noise and arc signatures was 2t | 1 S _ COUPLING
compliled from real-world measurements ~ PV S— | P " L DN 5 [T CIRCUIT
e A technlque_ to synthesize waveforms using these 8. | | | | | | | | | — /N CONDITIONING R I | /
real-world signals was developed to enable 2 ) =) r\_r\J AMPLIFICATION — | PUl/
systematic design and testing of arc fault detection o E SioaAl SOLAR ARRAY AFCH
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Wavelet Analysis of 5MHz Reconstructed Signal

A metric called the arc-signal to noise ratio was
defined to quantify the ratio of arc to inverter signals
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SIGNAL LENGTH REQUIREMENT

Constrain Scale and lteratively Scale Waveform
: Match
Signal Sum Complex Power
- FFT
Length to Frequency

4.88~9.77kHz
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e Test signals must be of sufficient length to ensure Rocord Eletical | | Samping | | oo o
that detection algorithms operate correctly during o merer | | (S oo , = | esting
both arcing and non-arcing portions of the signal Collection I T J:
* An arc may appear and disappear in microseconds | Synihetic A : Detector :
. . I resrau orithm Benchmarkin
or sustain for a much longer duration I Wavekom / | e
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 Duration of replay should be from seconds to endless Seconds - _ g e |
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