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Abstract

Nonlinear loads including lighting fixtures generate harmonic currents and create distortions on the
sinusoidal voltage of the power system. Harmonic field measurements have shown that the harmonic
contents of a waveform varies with time. A cumulative probabilistic approach is the most commonly
used method to solve time varying harmonics. In this paper the time varying harmonics of lighting
loads are evaluated by international harmonic standards(IEC 61000-3-6).
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Fig. 1. One line diagram of system
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Table 1. Measured data at main transformer

primary
3 & A% B C
A SHkV] 13.02 13.09 13.13
AFA] 12.2 12.7 12.3
941 [kVA] 160 166 162
A E[%] 0.997 0.996 0.996
At ol E[%] 4.207 4.235 3.987
A5 AFE[%] 5.753 4.981 6.497
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Fig. 3. Measured voltage and current
(A, B, C phase)
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Fig. 4. Measured voltage and current THD
(A, B, C phase)
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Table 2. Measured data at lighting transformer
secondary
3 & A% B/ C%
A FV] 217.2 2179 2185
AF[kA] 0.4397 0.4597 0.4255
3] = [kVA] 95593 | 100.171 | 92.976
I E[%] 0.984 0.982 0.980
At A HE[%] 2.555 2.221 2.360
A5 AP E[%] 16.684 16.535 17.781
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Fig. 5. Measured voltage and current
(A, B, C phase)
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Table 3. Measured data at power transformer
secondary
g &5 A% B C%
A4V] 216.3 216.6 217.1
kAl 0.322 0.347 0.320
941 ¥ [kVA] 69.283 | 75.152 | 69.422
q E[%] 0.977 0.977 9.967
Aok N E[%] 1.451 1.482 1.422
A5 @ E[%] 2.708 2.759 1.854
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Fig. 8. Measured voltage and current THD
(A, B, C phase)
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Table 5. Harmonic current evaluation by the |IEC
61000-3-6

2 5 7 11 13 |VYr
limits I | 5-8 | 3-4 | 15-3 | 1-25 | 6-8
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A% B CH
Order I "55ro61 CP | 95[%] CP | 95[%] CP
3 3.800 3.491 3.604
5 1.747 1.652 1.553
7 0.284 0.408 0.376
9 1.536 1.528 1.520
11 0.188 0.280 0.177
13 0.067 0.117 0.094
15 0.252 0.267 0.244
17 0.080 0.061 0.089
19 0.070 0.038 0.015
THD[%] 4.39 4.49 4.16
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Table 7. Harmonic current evaluation by the |IEC
A% B’ C*
Order  [=o5To6] CP | 95[%] CP | 90%) CP
3 9.993 19.502 16.675
5 30.392 25.774 32.368
7 13.055 9.521 15.320
9 5.036 2977 4.357
11 3.269 3.533 2.520
13 2.615 2.730 2.253
15 1.279 1.731 2.117
17 2.189 1.785 2.262
19 1.327 1.208 1.922
THD[%] 35.82 34.05 41.65
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Table 8. Harmonic voltage evaluation by the |[EC

A% B% C¥
Order
95[%] CP | 95[%] CP | 95[%] CP

3 2.410 1.902 1.957
5 0.937 1.214 1.557
7 0.209 0.164 0.245
9 0.084 0.077 0.057
11 0.022 0.022 0.040
13 0.030 0.021 0.040
15 0.023 0.024 0.017
17 0.030 0.021 0.026
19 0.023 0.016 0.026
THDI[%] 2.58 2.24 2.47
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Table 9. Harmonic current evaluation by the |IEC

A% B% CH
Order
95[%] CP | 95[%] CP | 95[%] CP
3 15.008 13.776 14.877
5 8.375 10.280 11.398
7 0.591 0.584 0.0651
9 0.146 0.209 0.335
11 0.505 0.477 0.408
13 0.145 0.161 0.180
15 0.061 0.057 0.037
17 0.062 0.075 0.108
19 0.084 0.050 0.071
THDI[%] 17.07 17.00 18.48
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Table 10. Harmonic voltage evaluation by the |[EC

A% B% CH
Order
95[%] CP | 95[%] CP | 95[%] CP

3 3.439 3.526 3.303
5 1.749 1.563 1.434
7 0.429 0.478 0.512
9 1.648 1.732 1.749
11 0.250 0.315 0.172
13 0.148 0.185 0.185
15 0.292 0.284 0.299
17 0.072 0.103 0.106
19 0.075 0.053 0.029
THD([%] 4.17 4.20 3.98
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Table 11. Harmonic current evaluation by the IEC

A% B% CH
Order
95[%] CP | 95[%] CP | 95[%] CP

3 3.644 2.287 2.245
5 9.903 15.371 15.431
7 2.579 2.760 2.691
9 0.733 0.324 0.723
11 2.692 3.033 1.974
13 3.516 2.195 3.734
15 0.988 0.837 1.123
17 1.830 2.084 2.087
19 0.577 0.705 0.875
THDI[%] 10.86 15.69 15.94
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