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(A Study on the Harmonics Evaluation of Extra High Voltage Customers by Field Tests)
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Abstract

A large steel industry which has nonlinear loads including electric arc furnaces is one of the extra high
voltage customers. These nonlinear loads 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 propablistic approach is the most commonly used method to solve
time varying harmonics. In this paper the time varying harmonics of electric arc furnace loads are evaluated by
international harmonic standards(IEC 61000-3-6, IEEE 519 and JIS C 61000-3-2).
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Fig. 1. One-line diagram of the case study
system
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Fig. 2. Measuring equipment
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Table 1. Measured data

AN B 4 C %
(mean) | (mean) | (mean)

kl HkV] 158.8 159.2 1587
) kAl 0.41 0.42 0.44
FrEZHH[GW] 0.038 0.042 0.038
H444[GVA] 0.039 0.044 0.039
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Fig. 3. Measured voltage magnitude and THD time trends
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Fig. 4. Measured current magnitude and THD time trends
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Fig. 5. Measured voltage and current THD cumulative probability distribution
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Table 2. Summation exponent
a Harmonic order
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14 5<H< 10
2.0 H>10
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Table 3. Power flows of the case study system
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Table 4. Harmonic voltage evaluation by IEC

IEC 61000-3-6
hamonic | Ui Bi | ag|Ba|ca
order planning
levels(%) | [limits[%]
2 15 063 030 | 0642 | 070
3 20 09% 0316 | 0330 | 0444
4 10 0.462 0761 | 0715+ | 0828+
5 20 1153 0401 | 0467 | 066
6 05 028 0318« | 0300« [ 033+
1 20 1183 0208 | 0210 | 034
8 04 0231 0134 | 013 | 024
9 10 0576 018 | 0212 | 021
10 04 0231 0114 | 0097 | 0140
11 15 1020 0341 | 036 | 0470
12 02 01% 0097 | 008 | 00%
13 15 100 0118 | 0183 | 025
Y 02 1136 0001 | 0088 | 00%
15 03 024 0080 | 0115 | 0109
16 02 01% 0.0%6 | 0092 [ 0101
17 10 0680 0106 | 0102 | 015
18 02 01% 0068 | 0054 ¢ 0061
19 10 0680 0080 | 0071 | 0100
20 02 0.1% 0063 | 0060 | 0068
A 02 013% 0063 | 000 | 0080
2 02 0136 0067 | 0066 | 0074
pA} 0.7 047 0072 | 0085 | 0089
P/} 02 0136 0061 { 000 | 0.0%
5 0.7 0476 0069 | 0076 | 0080
THD(%) 30 - 1220 | 1366 | 1609

29 M| A B C 27
F4ATAL TL | TAL | TA | (mean MW)
4 &6 179 | 630 | 26 1801
8 %1 177 | 609 | 27 1564
T B3 173 | 621 | 28 1%5
& 26 167 | 610 | 20 1933
B 1068 174 | 622 | B4 288
E X 176 | 626 | 23 1992
4 874 172 | 618 | 29 1893
474

(tmean MW) 8B 174 | 6194 | 2% 1902

g . HIMEYR=27) i212 W38, 2007d 38

F) e 7|23 E X2opets wE UEHCH

IECel| &% nz3t MB7}F A= [EC 7184
30[%1 5Tt 2R 7d st M e A 421, A 6
o] AR}l xR 71EA] By 23shE e
VeIt A8HE(Ly)E 28388 7]EA] ofst
o)At AATE 12 IS (Ew)E 83 U

(53]



¥ Ak 1z23pt 23ste A& €+ Qich

[EColl o nxa} A7 Hrks A4y 1¢
Al M eFe] FEFS WEsta Aok B 58 1x
3 A5 WkE 738 2 Aolth

L3 5. IECO| &gt nxu} M7 TI}
Table 5. Harmonic current evaluation by |IEC
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Table 6. Harmonic current evaluation by |EEE

Hi‘r’;‘zf‘c Effu 219 A% | BY | ca
3 35 2.767 2718 2.806

5 35 2.248 2210 2031

7 35 2130 1.900 1940

9 35 0.767 0.7 0.737

11 1.7 1.403 1420 1.302

13 175 0.778 0.846 0850

15 175 0685 0.707 0.664

17 125 0673 0721 0644

19 125 0.758 0.745 0.667

21 1.5 0.702 0.719 0.667

23 05 0.762+ 0.797+ 0.718+

5 05 0.741* .76+ 0681

49 025 0913+ 0.925+ 0910+
TDDI%] 40 8275+ 8.161* 8.040+
TDDeven[%) 10 6.050* 5.950% 5.950*
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Table 7. Harmonic current evaluation by JIS

Harmonic | JIS C 61000-3-2
order J}imits[mA/kW] A% B % ¢4
5 025 0.147 0.153 0.141
7 018 0139 0.128 0.13%
11 011 0.092 0.0% 0.090
13 009 0061 0067 0.059
17 007 0044 0049 0.045
19 0.06 0.049 0.050 0.046
23 005 0060 0.064+ 0.020
2% 006 0.048 0.062+ 0.047
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