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Relay Protection Harmonic Algorithm

Overview
Discover effective harmonic detection and mitigation strategies tailored for relay
protection engineers in electric power transmission.

Key Takeaways
Harmonic algorithms in relay protection detect and mitigate the effects of harmonics
to prevent mal-operation and ensure accurate fault detection in power
systems.Overview of Harmonics in Power Systems

Harmonics are voltage or current components at frequencies that are integer
multiples of the fundamental frequency (e.g., 50 Hz or 60 Hz). They are primarily
generated by non-linear loads such as variable frequency drives, power converters,
and electronic devices. Accumulation of harmonics can distort waveforms, cause
overheating in transformers, motors, and cables, and lead to false tripping or failure
of protective relays .

Harmonic Impact on Relay Operation

Protective relays, especially digital or numerical relays, rely on accurate
measurement of current and voltage phasors. Harmonics can cause:

• Mal-operation: Relays may trip when no fault exists or fail to trip during actual
faults .

• Increased tripping time: Harmonic distortion can affect the relay's response,
particularly in distance and overcurrent relays .
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• Reduced selectivity: Fault location accuracy may be compromised, especially near
the edge of protection zones . Harmonics in current signals generally have a more
significant impact than voltage harmonics due to their influence on relay algorithms .
Harmonic Detection and Algorithm Techniques

Relay protection algorithms use signal processing techniques to isolate fundamental
and harmonic components:

• Fourier Transform (FT/FFT): Decomposes current and voltage waveforms into
fundamental and harmonic components for analysis .

• Discrete Fourier Transform (DFT): Used in microprocessor-based differential relays
to extract fundamental and higher-order harmonics for transformer protection .

• Wavelet Transform and Synchronous Detection: Advanced methods for real-time
harmonic detection and transient analysis .

• RMS vs. Phasor Measurement: Algorithms may use RMS values or phasor
amplitudes to evaluate relay operation under harmonic distortion .
Harmonic Restraint in Differential Relays

For transformer differential protection, harmonic restraint algorithms prevent false
tripping due to magnetizing inrush currents, which contain high second and third
harmonic components:

• Operating coil: Carries only the fundamental current component.

• Restraining coil: Receives the sum of fundamental and harmonic components.

• Harmonic threshold: Relays are set not to operate if the harmonic current exceeds
a certain percentage (commonly 15%) of the fundamental current .

• Second and fifth harmonic schemes: Used to block relay operation during inrush or
over-excitation conditions while remaining sensitive to actual fault currents .
Mitigation Strategies

Relay protection engineers implement several strategies to mitigate harmonic
effects:

• High-resolution data acquisition: Captures precise waveforms for accurate harmonic
analysis .

• Real-time signal processing: Ensures transient disturbances are not misinterpreted
as faults.

• Statistical and predictive analytics: Helps anticipate harmonic peaks and prevent
mal-operation .

• Proper relay settings: Adjusting tripping thresholds and harmonic restraint levels to
balance sensitivity and stability .
Conclusion
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The Relay Protection Harmonic Algorithm integrates harmonic detection, signal
processing, and harmonic restraint techniques to ensure reliable operation of
protective relays. By isolating fundamental components, restraining operation during
inrush or over-excitation, and using advanced analytics, these algorithms prevent
false trips, maintain selectivity, and protect power system equipment from damage
caused by harmonic distortions .
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