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M ulti-har monic Source Tracing M ethod Based on Multi-band
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Abstract: With the continuous improvement of the degree of electronification in a power system, the proportion of
harmonics in the system increases significantly. An accurate tracing of the source of harmonic disturbance is crucia for
evaluating the influencing factors for power quality and providing important support for targeted control of harmonics.
However, there are challenges in the large-scale harmonic tracing of power grids as follows. The sampling time of
harmonic data of each power quality monitoring equipment is not synchronized, resulting in low time-domain accuracy
and low effectiveness of the monitoring data. Through the calculation and analysis of the source tracing process, the
amplification of errors will affect the quantitative results and source tracing effect. In a multi-harmonic source system,
complex in multi-band impedance will affect the accurate traceability of a single disturbance source at a specific
frequency. To solve the above problems, a harmonic state estimation method based on the time scale datum of different
nodes is used to synchronously screen the monitoring data. With a focus on the complexity in the multi-band impedance
characteristics, a multi-harmonic source tracing method based on multi-band impedance comparison at the same node is
proposed. Through a comparison of the impedance results in multi-band at the same node, the potential harmonic source
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nodes can be effectively identified, and the harmonic force
contribution of each node is calculated to quantitatively
characterize its harmonic contribution. Finally, a simulation
example of a multi-harmonic source power system including
multiple new energy stations is established, and results fully
verify the effectiveness of the proposed theoretical method.
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source system; multi-band impedance comparison; Norton
equivalence
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Tab. 1 Fifth harmonic voltage amplitude at each node in

220 kV high-voltage ring network

A IRHEIRE/Y IR %
1 2642 2.08
2 2540 2.00
3 2515 1.98
4 2375 1.87
5 2350 1.85
6 3099 2.44
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Tab. 2 Synchronization screening results of harmonic voltage data
FEET VIR TAY u v u 3w U 4/v U swv VY
1 264220° 2481.20.95° 2439/1.59° 1729.26.16° 1267.26.08° 2469.2091°
2 2 6652-0.32° 2540£0° 2496.20.60° 179724.51° 1332./431° 2517£0.15°
3 2899./-0.81° 2787.£-0.57° 251520° 1 818.£3.60° 1 696 .22.46° 2763 £-0.44°
4 3588.-0.46°  3509.-0.30° 3332.£0.02° 237520° 2470£0.57° 3480.-0.22°
6 3295.-0.55° 3263.£0.03° 3202.£041° 2632.£2.46° 2293./2.08° 3099.20°
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Fig. 3 Flow chart of accurate harmonic voltage phase angle

screening method based on least square method
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Tab.3 New harmonic power flow after injecting harmonic

currentAl ,

Ein

%g WA R fvar
3 358 272.24 -2102 607.16
2 466 798.34 587 687.62
1 158 644.83 -1079 555.30
4 435 629.54 -1019 346.63
5 146 702.44 1 843 462.39
6 337 180.53 351 485.79

x4 ERERD A BEKBELE

Tab. 4 Harmonic voltage data of phase A in new harmonic

power flow
TR IEEBEARENY BB EAAC)
3 9004.19 -51.94
2 9 137.06 -52.45
1 9052.18 -52.30
4 8856.91 -51.68
5 8 814.96 -52.09
6 9131.34 —-52.48
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Tab. 5 Norton equivalent results at potential harmonic source nodes
=M WA SFROR IR Z/Q HL LT (/A UL /()
3 193.66+141.31j 70.74 0.01
A 4 342.92+655.52j 35.38 -0.01
1 116.89-74.69j 21.19 -0.03
3 193.66+141.31j 70.74 -119.99
B #H 4 342.92+655.52j 35.38 -120.01
1 116.89-74.69j 21.19 -120.03
3 193.66+141.31j 70.74 120.01
CH 4 342.92+655.52j 35.38 119.99
1 116.89-74.69j 21.19 119.96
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