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Influence of three-phase imbalance and harmonic on line loss of three-phase
four-wire low-voltage distribution network
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(1. Guiyang Xifeng Power Supply Bureau of Guizhou Power Grid, Guiyang 551100, China;
2. School of Electrical Engineering, Sichuan University, Chengdu 610065, China)

Abstract: Aiming at problem of line loss in a three-phase four-wire low voltage distribution network, this paper presents
a method for calculating line loss under the action of composite power quality and compares it with that under the action
of single power quality. First, the line loss caused by three-phase imbalance is deduced. Secondly, the line loss under
harmonic condition is derived according to the superposition principle. Then the line losses under the combined action of
the two power qualities are comprehensively considered and derived, and the line losses under the combined action of the
two power qualities are compared by the symmetric component method. The results show that the three-phase imbalance
aggravates the harmonic loss, that is, the line loss when the harmonic and the three phase unbalance exist together is
greater than the sum of the line loss when they exist separately. Finally, the Matlab/Simulink simulation tool and chroma
6590 programmable AC source experiment are used to test each part and verify the correctness of the theoretical derivation.
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Fig. 1 Relation between negative sequence current and zero
sequence current unbalance degree to loss line graph
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Fig. 2 Relation of harmonic content and frequency
to loss line graph
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Fig. 3 Diagram of three-phase unbalance and
harmonic simulation model
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i 2 25 25 10
5 3 30 15 15
T 4 30 30 0
14 5 60 0 0




-26- @ HERIEF DR

4.1 =R EEEmNGE
AR IR IR AR S LS, R A
RE 220V, FIGZAHZE 1200, 185 ik 5 (B 25 R LA )
A, PELHPE T LS. 20l A eEE
OLE FIRRCPEDIRS 5 TR = AAHA PG O, T
R EHEIE S5 E AR WNE 2 Prs.
2 FENER THIZR
Table 2 Line loss in different conditions
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Table 3 Third harmonic content and harmonic line loss
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Table 4 Relation between harmonic frequency and
harmonic line loss in three-phase balance

T A B #H C 8 N & MR
U HRUA HTUA FIA A W
3 3.30 3.30 3.30 9.89 59.43
4 5.43 5.43 5.43 0 46.53
5 5.39 5.39 5.39 0 51.25
6 3.12 3.12 3.12 9.36 75.23
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Table 5 Third harmonic line loss under different
unbalanced conditions

R Al B Al CHl Nk e
L HLI/A BIA  HIRIA  HURVA W
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B 1 7.71 13.01 1966 4035 1021.84
L 2 10.25 10.25 19.73 40.16  1007.67
1L 3 7.76 16.19 16.19 40.11  999.24
1B 4 7.14 7.14 2828 4236 1228.07
T 5 7.80 28.28 28.28 4893  1846.83
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Table 6 Comparison of line loss in two cases

A TPHAES  (APsingle! W)/ Gsingle (AP complex/ W)/ & complex Y]
i 1 6 278.44/30.59% 6 350.38/32.09% 15%
1L 2 6 207.67/29.12% 6 265.47/30.32% 1.2%
5 3 6 079.87/26.46% 6129.05/27.49% 1.03%
T 4 8057.36/67.59% 8335.56/73.38% 5.79%
5 5 10514.51/118.70%  11411.47/137.36%  18.66%
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Table 8 Line loss under three-phase unbalance
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Table 10 Fourth harmonic line loss under three-phase unbalance
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Table 9 Fourth harmonic content and line loss
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Table 11 Line loss comparison in both cases
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