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Arcing FaultsArcing Faults

�� Main Electrical Distribution Panels and WiresMain Electrical Distribution Panels and Wires
�� FireFire
�� Mission abortionMission abortion
�� Loss of Life Loss of Life 

�� Swiss Air 111Swiss Air 111
�� Fires and possibly explosion by arc and sparkFires and possibly explosion by arc and spark

�� Quick start and fast spread into big damageQuick start and fast spread into big damage
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Arcing FaultsArcing Faults
�� Arc current is determined by the arc resistance and the Arc current is determined by the arc resistance and the 

impedance of the return path  impedance of the return path  ------ usually lowusually low
�� Low arc current is not sufficient to trip circuit breakerLow arc current is not sufficient to trip circuit breaker
�� Faulty connections due to corrosion etc cause most of Faulty connections due to corrosion etc cause most of 

arcs.arcs.
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Arcing Fault Current and VoltageArcing Fault Current and Voltage

�� Characteristics of arc currentCharacteristics of arc current
�� discontinuous, nonlinear, and nondiscontinuous, nonlinear, and non--sinusoidalsinusoidal
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Arcing Fault ModelsArcing Fault Models
�� Instantaneous arc current modelInstantaneous arc current model

�� Relying on inductive circuitRelying on inductive circuit
�� Energy balanceEnergy balance
�� FlatFlat--topped voltagetopped voltage
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Arcing Fault ModelsArcing Fault Models
�� Arc Conductance ModelArc Conductance Model

�� Relation of Arc Conductance with Arc Voltage and Arc TimeRelation of Arc Conductance with Arc Voltage and Arc Time
�� Developed for Arc Circuit Breaker InterruptionDeveloped for Arc Circuit Breaker Interruption
�� Based on common property that Arc Current depends on Based on common property that Arc Current depends on 

Line Impedance (X/R ratio) and Arc GapLine Impedance (X/R ratio) and Arc Gap
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Arcing Fault ModelsArcing Fault Models
�� Electromagnetic Energy Radiation ModelElectromagnetic Energy Radiation Model

�� RompeRompe and and Weisel’sWeisel’s Conductivity LawConductivity Law
�� Heat, Sound, and EM Wave from ArcingHeat, Sound, and EM Wave from Arcing
�� Radiated EM energy from arcing sourceRadiated EM energy from arcing source
�� The transient current determines the intensity and spectral The transient current determines the intensity and spectral 

content of the radiationcontent of the radiation

�� Three PhasesThree Phases
�� Breakdown Phase  Breakdown Phase  ------PrePre--Discharge Discharge 
�� Strong Ionization  Strong Ionization  ---- Transient Arc PhaseTransient Arc Phase
�� Conductive channel development  Conductive channel development  
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EM Energy Radiation Model EM Energy Radiation Model ––and surface and surface 
discharge case with DC sourcedischarge case with DC source
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Experimental SetupExperimental Setup
�� Experiment FocusExperiment Focus

�� Detection of two types of spectrum Detection of two types of spectrum ---- for first 2 phases of the for first 2 phases of the 
radiationradiation

�� Antennas  (inAntennas  (in--house)house)
�� Loop Antenna Loop Antenna -- Air Core   ~MHz bandAir Core   ~MHz band
�� Stick Antenna  Stick Antenna  -- AM/FM BandAM/FM Band

�� Arc/Spark GeneratorArc/Spark Generator
�� Knife SwitchKnife Switch
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Captured Signals Captured Signals -- Loop AntennaLoop Antenna
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Captured Signals Captured Signals -- Loop AntennaLoop Antenna
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Captured Signals Captured Signals -- Stick AntennaStick Antenna



Kim - 10th Joint FAA/DoD/NASA Conference on Aging Aircraft

Arcing Fault Detection with Experimental Verification using Antennas for Signal Capture of Radiated Electromagnetic Energy

Captured Signals Captured Signals -- Stick AntennaStick Antenna
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Captured Signals Captured Signals -- ComparisonComparison

�� FrequencyFrequency
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Captured Signals Captured Signals -- ComparisonComparison

�� FrequencyFrequency
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Captured Signals Captured Signals -- ComparisonComparison

�� Arrival Arrival 
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Captured Signals Captured Signals -- ComparisonComparison

�� ArrivalArrival
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DiscussionsDiscussions

�� Different Frequency Sensitivity of AntennasDifferent Frequency Sensitivity of Antennas
�� Different behavior of Two Frequency BandsDifferent behavior of Two Frequency Bands
�� Slight Different Arrivals of the BandsSlight Different Arrivals of the Bands
�� Antennas in tandem capture the distinctive Antennas in tandem capture the distinctive 

frequency feature of arc (model)frequency feature of arc (model)
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ConclusionsConclusions
�� EM Energy Radiation Model is adopted for the EM Energy Radiation Model is adopted for the 

study on detection of arcsstudy on detection of arcs
�� Experiments are performed with Loop and Stick Experiments are performed with Loop and Stick 

antennas for different spectral features of two antennas for different spectral features of two 
phases of arc developmentphases of arc development

�� Differences are observed and capturedDifferences are observed and captured
�� Only preliminary testingOnly preliminary testing

�� Further experimental investigation is neededFurther experimental investigation is needed
�� Refinement of hardware and tools are neededRefinement of hardware and tools are needed
�� Discriminative investigation is needed using devices, if Discriminative investigation is needed using devices, if 

any, with similar radiation energy during normal any, with similar radiation energy during normal 
operation operation 
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Q&AQ&A

Questions?Questions?

�� Contact:Contact:
�� Charles Kim, Ph.D.Charles Kim, Ph.D.
�� ckimckim@@howardhoward..eduedu




