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Modeling and analysis for harmonic power demand of single-phase rectification loads
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Abstract: As a typical harmonic source, the single-phase rectification loads will produce harmonic pollution into power
grid, which will further cause the harmonic power loss. Based on the operation principle of the single-phase rectification
loads, their harmonic active and reactive powers and the flow direction are investigated. In consideration of the coupled
relationship between the terminal current and voltage harmonics of rectifiers, their power demand models are established
to calculate the harmonic power accurately. The correctness of the model is verified by the simulation. On this basis, the
admittance matrices of harmonic active and reactive power are defined. And the contribution degree that the voltage
harmonics of single-phase rectification loads act on their harmonic powers is studied through the analysis of the physical
significance and the elements of admittance matrices.
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Fig. 1 Equivalent analysis circuit of single-phase

rectification loads
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Table 1 Frequency domain components of voltage and current

of single-phase uncontrolled rectification loads

WA PO
i, iy = ip Va Y
R MR WE BBy R AR
A rad v rad v rad

¥ 0390 -0071  311.204 0 306.784  -0.006
3™ 0341 -0220 0 0 6379 2428
st 0257 -0381 0 0 7.041 2366
7" 0161 -0.578 0 0 5924 -2.693
9" 0076 -0.880 0 0 3.550 2769
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Table 2 Frequency domain components of voltage and current

of single-phase thyristor-controlled rectification loads

WA WP
s, ia =iy Va Vo
SEIRM ARGy WERY MRy IR His
A rad \ rad v rad
AW 1.078  -0.601  311.204 0 298378  0.005
3" 0264 1610 0 0 4879  -0.593
st 0159 -2.669 0 0 4337 1.628
7" 0113 -0.639 0 0 4165 2516
9" 0088 1393 0 0 4075 -0414
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Table 3 Power of single-phase uncontrolled rectification loads

ik EEEENY I var
Iy an b an b
Sy 121.048 118.372 8.490 7.729
3 0 -1.296 0 -1.748
5t 0 -0.729 0 -1.658
7 0 -0.288 0 -0.910
ot 0 -0.065 0 -0.263
It 121.048 116.347 8.490 4.323
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Table 4 Power of single-phase thyristor-controlled

rectification loads

AR HINThHRIW TN /var
Iy as b an b
23 277.097 264.308 189.204 183.392
3 0 -0.762 0 -1.040
5t 0 -0.278 0 -0.630
7h 0 -0.142 0 -0.450
ot 0 -0.084 0 -0.349
Lt 277.097 263.042 189.204 181.722
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Table 5 Harmonic components of supply voltage
BRI 3 5 7 9 11
IEE/% 212 231 1.95 1.04 0.43
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Fig. 2 Harmonic power of single-phase rectification loads

under different harmonic conditions
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Table 6 Error analysis of harmonic power of single-phase
rectification loads

Lite 3 5 7 9 11
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Fig. 3 Weighting of harmonic power of single-phase

uncontrolled rectification loads
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Fig. 4 Weighting of harmonic power of single-phase

thyristor-controlled rectification loads
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