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Abstract - High speed electric trains have nonlinear loads including nzZ% &4 A 23408 BMI-PX5 (3], 3& &A44oR

converters and inverters for the control synchronous motors. Harmonic
field measurements have shown that the harmonic contents of a
waveform varies with time. Direct application of the harmonic
assessment to the smapshot measurements would result in ambiguous
conclusions depending on which instant is sampled. A cumulative
probabilistic approach is the most commonly used method to solve time
varying harmonics. This paper provides an in depth analysis on
harmonics field measurement of the high speed electric train loads,
harmonics assessment by the international harmonic standards IEC
61000-3-6 and IEEE Std. 519-1992, and harmonics simulation using
EDSA program for the case study.
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10 | 15179 | 100 | 7055 | 100 | 28082
0109 | 26096 | 0231 | 96.14 | 0094 | 28038
2625 | 3678 | 1159 | 9878 | 1963 | 20753
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IEC 61000~ A % B & c %
order Pla%fing snap 95% snap 95% snap 95%
Level shot cp shot Ccp shot Ccp
2 1.5 0.025 | 0.099 0.006 0.098 | 0.013 | 0.099
3 2.0 0.191 | 0291 | 0059 | 0.182 | 0.203 0.2
4 1.0 0.016 { 0035 | 0013 | 0032 | 0.003 | 0.035
5 20 1.14 1.34 1.163 | 1113 | 1.044 | 1.059
6 05 0.006 | 0.021 0 0.021 | 0003 | 0.016
7 2.0 0.2 0.409 0.1 0.356 | 0.159 | 0.381
50 0.2 0.016 | 0008 | 0.003 | 0.013 | 0006 | 0.017
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(%] 30 1.21 2.11 1.20 1.51 1.13 1.95
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shot CP shot CP shot CP
3 35 2625 | 567 1.159 659" 1963 | 826
5 35 7.653° | 767 3.65° 2.56 5413" | 716
7 35 7 147 2922 2.2 3675 256
9 35 2616 391° 0.334 1.8 1.759 271
11 1.75 4475 528" 1.063 1.62 3.234° 3.76°
i3 1.75 2594° | 691" 1.15 1.18 1.872° | 551°
15 1.75 2528° | 729 0.838 1.25 2.047° | 533"
17 1.25 2113 | 299° 0.35 167" | 1.372° | 227"
19 1.25 0.703° 1.35 0.456 1.02 0.3 1.24
21 125 1.303° | 151° | 1.584" | 152° | 1844° | 095
49 0.25 0509" | 168" | 0.022 1.8° | 0469° | 1.29°
THDi,
TDDi 40 1090° | 205 6.14" 158" | 8781° 18°
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95% CP |Simmlated | 95% CP |Simulated | 95% CP | Simulated
100 100 100 100 100 100
0.89 0.00 1.10 111 0.90 0.93
5.67 567 6.60 6.59 8.30 8.26
0.74 0.00 1.10 110 0.9 0.88
7.67 767 2.60 256 7.20 7.16
0.93 0.00 1.10 0.00 1.00 0.97
1.47 147 2.20 2.20 2.60 2.56
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0.99 0.00 1.40 0.00 0.80 0.00
TDD[%)] 20.50 20.36 15.80 1547 18.00 17.86
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order %% Isimiaed| X |Simutated| REF | Simulated
1 100 | 100 | 100 | 100 | 100 | 100
2 | 010 | 000 | 010 | 001 | 010 | 001
3 | 029 | 008 | 018 | 007 | 020 | 015
4 | 004 | 000 | 003 | 002 | 004 | 002
5 | 134 | 018 | L1l | 005 | 106 | 021
6 | 002 | 000 | 002 | 000 | 002 | 003
7 | 041 | 005 | 036 | 006 | 033 | 0.10
50 | 001 | 000 | 001 | 000 | 002 | 000
THD | 597 | 200 | 151 | 153 | 195 | 199
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