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(A Study on the Time-varying Harmonics Measurement, Assessment and Simulation of
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Abstract

Large steel industries have nonlinear loads such as electric arc furnaces. Harmonic field measurements have
shown that the harmonic contents of a wavelorm varies with time. Direct application of the harmonic
assessment to the snapshot measurements would result in ambiguous conclusions depending on which instant is
sampled. A cumulative probablistic approach is the most commonly used method to solve time-varying
harmonics. Harmonic simulations are performed to evaluate the harmonic voltage and current distortions
throughout the system. This paper provides an in depth analysis on harmonics field measurement of the electric
arc furmnace loads, harmonics assessment by the international harmonic standards IEC 61000-3-6 and IEEE Std.
519 and harmonic simulation for the time-varying harmonics. The EDSA program was used as a simulation
tool for the case study.
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Fig. 1. One-line diagram of the case study
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Table 1. Measured data by BMI-PX5

AR B 4 cC 4
A 4kV] 158.13 158.67 157.63

H#IA] 486.88 488.74 488.13
g4HE[kVA]| 43391 43776 43154
o E[%] 94 94 94

WP El%] | 054t 0.506 0.516
AHRAFE (%] | 194 1.853 1.319
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Fig. 3. Measured voltage and current waveforms
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Table 2. Harmonic current THDs and phase
angles

AR B4 s
THD(%) | phase(°) | THD(%) | phase(®) { THD(%) | phase(°)
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2| 0394 | 2869 | 0419 | 7546 | 0284 | 1%21
3| 1405 | 15041 | 1169 | 34061 | 0344 | 287
4] 0063 | 30680 | 0253 | 3243 | 0296 | 2002
5 | 1156 | 30938 | L1153 | 7264 | 1106 | 1M55
61 0212 | 22086 | 004 | 999 | 0228 | B
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91 QI3 | 1L | 0053 | 1218 | 007 | 30639
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12 0038 | 33973 | 0013 | 649 | 0047 | 1708
13 0059 | 26693 | 0109 | 13455 | 0078 | 3503
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Table 3. Measured data by PNA-2010

AN B 4 C %
(mean) (mean) (mean)
AgkV] 1579 1585 158.0
A H[A] 447.0 450.0 444.0
A8 [kVA] | 40751.3 41180.7 40503.4
A E[%] 92.1 92.3 926
A E%] 1.06 1.03 1.1
A5 HEE[%] 8.02 7.82 797
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Fig. 4. Measured voltage magnitude and THD
time trends of phase A during one day
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Fig. 5. Measured current magnitude and THD
time trends of phase A during one day
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Table 4. Harmonic voltage evaluation

[EC AR B A 4
g | 61000-3-6
A5 | snap- | 901 | snap- | (%] | snap- | %(%
planning
| shot | CP | shot | CP | shat | CP
levels
2 15 0013 | 0262 | 0022 | 0269 | 0013 | 082
3 2 0231 | 0356 | 0238 | 041 | 0088 | 03K
4 1 0006 1 0435 | 0028 | 0164 | 0022 | 0169
5 2 0413 1 0917 | 0368 | 087 | 0444 | 0%6
6 05 0016 | 00% | 0016 | 0101 | 0034 | 0107
1 2 0163 | 0286 | 015 | 0286 | 006 | 029
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Table 5. Harmonic current evaluation

[EEE 519 A% B4 C4

fimits | snapshot { B{%ICP | snapshot | B{%ICP | snapshot | %I%ICP

3 M0 149 | 414 | 118 | 400 | 03 g 406
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EDSA simulation
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Table 6. Harmonic currents comparision

N A% B4 C4
A T 5P| Simulted| 61CP | Simalted | G5021CP | Simulted
2| 58 | 53 | 567 | 58 | 5802 | 58
3l am | a2 | a0 | ao | oeos | 4
clws | e | o |18 | 18
5 1259 | 23 | 2o | 22 | 281 | 2%
6| 054 | 0% | 093 | 09 | 098 | 1
7010 [ 1 o3 | oot | okl | 0%
8 | 057 | 088 | 055 | 0% | 058 | 0%
9 | 058 | 0% | o5 | o054 | 051 | 0%
0 0a7 | o8 | odn | o4 [ ows | o4
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Table 7. Harmonic voltages comparision

. A% B4 cH
Sl %BI%]CP | Simulated | 96[%)CP | Simulated | %5[%]CP | Simulated
2 | 0262 04 0.269 043 0232 043
3 | 036 046 041 0465 0.304 045
4 | 01% 027 0.164 027 0.169 07
5 | 0917 047 087 042 096 04
6 | 00% 021 0.101 02 0107 022
7 | 028 026 0.286 0.24 029 0.5
8 | 0167 017 0171 0.16 0.191 0.16
9 | 0B 019 0191 018 0.1% 019
10 | 0083 016 008 015 008 015
11 | 0029 0.23 0245 021 0278 023
12 | 003 013 0029 013 | 0027 0.4
13 | 004 0.16 0.103 017 0113 017
14 | 0082 012 0012 0.12 0012 012
15 | 0046 0.12 0032 0.12 0034 0.2
16 | 0012 011 0013 011 0012 011
17 | 0033 012 0.033 012 003 012
18 | 0012 01 0013 01 0013 01
18 | 00% 011 0028 011 0023 011
20 | oon 01 0012 01 0012 01
a | 00z 01 0.019 01 0017 01
2 1 00 009 0.004 009 0.004 01
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