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Abstract: In order to discuss the energy efficiency of over-
head lines under the influence of voltage fluctuations and flicker,
the short line model is used to qualitatively analyze the various loss-
es of overhead lines in voltage fluctuation and flicker. Within the
scope of the national standard, the fluctuation amplitude and the
fluctuating frequency step are set, and the simulation is carried out.
The simulation results show that the additional loss of the overhead
line is positively correlated with the primary of the frequency fluctu-
ation, and negatively correlated with the primary and cubic of the
amplitude fluctuation. The ratio is proportional to the square of the
amplitude fluctuation and is proportional to the product of the fre-
quency fluctuation and the amplitude fluctuation. Finally, the meth-
od of calculating line loss by least squares polynomial fitting tech-
nique is given, and the effectiveness is verified by Simulink model.

Key words: overhead line ; voltage fluctuation and flicker; ad-
ditional loss; least squares method ; polynomial surface fitting
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Fig. 1 Three-phase imbalance caused by voltage

fluctuations and flicker
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Table 1 Overhead line parameters

S e
FHEL 3
RLC 5% /Hz 50
A IE BB (Q-km™) 0.416
AN P BT/ (Q-km™) 1.248
B TE LR (H-km ™) 0.933 7e™
PV LB/ (H - km ') 4.126 4e”
2R KA /km 10
F1E2E 4 /mm 6.18
135 755/ MVA 1
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Fig.2 Line additional loss when amplitude fluctuation is 0.1
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Fig.3 Loss increase ratio when amplitude fluctuation is 0.1
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Table 2 Line additional loss and loss increase ratio

caused by frequency fluctuation

AP SN He BEEIBRFE/ W BEEINPRFE R/ %
5 271.83 0.73
10 330.65 0.89
15 403.11 1.08
20 483.99 1.30
25 565.91 1.52
30 640.23 1.71
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Fig.4 Line additional loss with frequency
fluctuation 8.8 Hz
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Fig. 5 Line loss increase ratio with frequency

fluctuation 8.8 Hz
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Table 3 Line additional loss and loss increase ratio

caused by amplitude fluctuation

VFL I 511/ % FEBITREW B EER %
S 80.31 0.22
10 315.14 0.81
15 696.29 1.87
20 1216.62 327
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Fig. 6 3D variation of line additional loss and voltage

fluctuation
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Table 4 Additional losses and loss increase ratio due to

voltage fluctuations and flicker

WS, I Eh%  BHIAE/W  EERE /%
5 93.27 0.25
5 10 296.33 0.79
15 629.16 1.69
5 133.96 0.36
10 10 380.15 1.02
15 778.32 2.09
5 178.63 0.48
15 10 477.61 1.28
15 953.87 2.56
5 225.93 0.60
20 10 583.49 1.57
15 1 144.65 3.07
5 273.86 0.73
25 10 690.40 1.85
15 1334.72 3.58
5 319.92 0.86
30 10 789.73 2.12
15 1507.92 4.05
5 361.52 0.97
35 10 872.72 2.34
15 1 647.65 4.42
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Fig. 8 Overhead line voltage fluctuation and flicker Simulink simulation diagram
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