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(Measurements and Modeling of Neutral Harmonic Currents on the Education Office Building)
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Abstract

With the proliferation of nonlinear loads such as personal computers in an educational office building, high
neutral harmonic currents have been observed. High neutral currents in three—phase four-wire distribution
power systems can cause overloaded neutral conductors, overloaded transformers,voltage distortion, common

mode noise, and malfuntion of protective equipment.

On-site measwrements of harmonic currents and voltages were made and the corresponding equivalent
circuits was developed. The circuit model under study was simulated numerically and graphically through

the use of the software MATLAB.
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Fig. 1. Single-line Diagram of the Distribution System Under Soudy
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Table 1. Harmonic Spectrum of Voltage Waveform

FET] A% B4 cy
4 [|271%6)| A8C) | 271(%) | ABC) [|271(%)| A4(°)
Z1E9| 1000 © 1000 | -120 || 1000 | 120

3 1.2 63 13 102 1.2 80

5 0.2 161 0.3 -84 05 74

7 0.8 64 1.2 -75 0.7 170

9 0.4 -124 0.6 ~151 0.6 -147

11 0.7 -63 0.9 17 0.8 170

13 0.1 ~159 0.3 44 0.1 -167

15 0.4 172 0.2 121 0.4 155
_[z‘] Va = 2176 £0° [Vrms], V‘n-u),p. =19 [%

Vet = 21922-120° [Vis), Vnpg = 22 [%]

Va = 2172 £120° [Vrms], V’n-u),c =18 [%]
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Table 2. Harmonic Spectrum of Current Waveform

PE2 A% B [ N3 (z44)
adl EVNICIERTO) ENTCIERTG) EXA ERG) EXCA ERTG)
A#%11000 | -3 11000 [ -121 11000 | 114 || 100 96
3 192 | -178 | 205 | 178 24 168 127311 -7
5 63 | -25 | 46 83 115 | -157 ) 163 | 30
7 113 | 164 | 130 | 29 126 | -93 || 126 | 165
9 28 | 331 32 | -46 || 44 [ -60 J 436 | 121
11 29 24 36 | 13 | 31 -87 || 103 | -142
13 18 | -32 f 19 [ 175 || 06 60 34 16
15 13 | -81 12 | -130]| 19 | -99 || 170 | 55
17 15 | 141 || 22 | -142} 17 ~5 63 | -10
19 16 | 176 || 0.7 8 11 -64 || 13 25
21 04 -4 03 | -8 06 | -38 [ 46 | 117
23 || 02 {-100) 05 | -22 | 02 [ -122} 25 97
F] Ia = 12612-3° {Arms), Inpa = 238 (%]
It = 14942-121° [Amms), Inm, 8 = 254 [%]
I = 11552114° [Amms], Tnpc = 300 [%]
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Fig. 8. Power Waveform for Phase C
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Fig. 10. Simulated Current and Voltage Waveforms for Phase A
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Fig. 11. Simulated Current and Voltage Waveforms for Phase B
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Fig. 12 Simulated Current and Voltage Waveforms for Phase C
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Fig. 13, Simulated Current and Voltage Waveforms for Neutral Line
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Table 3. Voltage Conrparisions between Measurerrent and Simutation

% A | AEA

AR Va [Viems) 2176 2176
Vs [9%] 1.9 1.60

BA Vs [Vims] 219.2 219.3
Vs [%] 2.2 2.64

Ve [Vims] 217.3 217.3

A
ce Ve (%] 1.8 1.71]
E 4 Hz YR

Table 4. Currert Cormparisons between Measurerment and Simulation

% A | NEHA

A |1 [Ams] 129.1 126.1

° Trwoa (%] 238 23.81

BA I [Ams] 1542 153.3
Trs (%] 254 26.38

I [Ams 120.6 1184

C e 1l 300 3156
Iv [Ams) 89.0 89.7

N¥ Iy [%) 275.8 265.4)

E 5 3Y Hlw
Table 5 Power Cormparisons between Measurerrent and Sirmulation

&4 Al B o)A

Ax | Bm kW] 27.26 26.64
Qax [kVAR] 1.382 1.413

pa | Po W] 32.80 32.56
° | Qun [kVAR] 0.124 0.252

oy | o kW] 24.98 24,48
Qcx [KVAR] 2521 2524
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