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(A Study on the Harmonics and Flickers Measurement
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Abstract

High speed electric trains have time-varying nonlinear loads causing voltage fluctuations to the power
system. A cumulative probablistic approach is the most commonly used method to solve time varying loads.
Flicker can be defined as the effect produced on the human visual perception by a changing emission of light
lamps subjected to magnitude fluctuations of their supply voltage. This paper provides an in depth analysis on
harmonics and flickers measurement of the high speed electric train loads. And the measurement results are
evaluated by the IEC 61000-3-6 and IEC 61000-3-7.
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Fig. 3. Measured voltage time trends
[
|
a2 ‘ "
0x ti ! J I ‘
015 ‘ g aq i
ae ) gt |
o M §‘ bl 4 e
fa n :muuu Al smwu "3;291?;3 Puz;:’l;]ag "zin'imzf
OE 4. ZHE MR Al Y
Fig. 4. Measured current time trends
THD U %
e
"
I,%qunz momo AI smmu T nzmmn PI smmo T 3mm7

a8l 5. S3E Y YHEQ AlZt HE
Fig. 5. Measured voltage THD time trends

. MOMB|ORI=2N 217 28, 2007H 2%

LR

a4 55 3 B9 A HFE(THD, Total
Harmonic Distortion)9] ®¥3}& vepbdrt ‘*‘i}-"f]
W7}t Wyl wiie] nxg Hriety) fsix s
3 71¥o] 79S¢ 7 Utk 21”62 HF 9“
g Azt A¢E vehdth addX e THDE
vebd7] w2l H7F 0~70000%6)7HA] H A T
A J)FEA e T A3 E(TDD, Total Demand
Distortion) 2.2 B7}slA HA HAE - £U F
Atk THDE EAA] 71€%e] 7)o gk axg}
A71E Yehlz, TDDE 33 & Fdigkel dig
nzRe) FA7]0]7] wFolt.

THD ) %]
o8
i
M ] 3muun u smouu nauuwu Plsmmu 002

0220 2006-02-21

08 6. SHE MF AHES Al2t HE
Fig. 6. Measured Current THD time trends

o " i .
% 01 3 5 7 8 13 431517 v

O 7. HY 7 s|lAEDH
Fig. 7. Voltage cumulative histogram

100 000

'
| . * "
" . : o) . .
‘e I P T
SHINRE iw A Y
RN NI R P e
o o e )
. “ . LB I ' 1l ' |
Dol Cl A4l NIk
i o i i
vood o U ] e A NIRRT
! ; oo LR
; ; . C
“ | RN I i St b
) RN T LS KN R d e
E el e ! | i
i '\' r‘l.l R I S
. b .
i I
01001 fogefey geded b, i g ladeboadre, pedoa il
116 ) 8 et N 9 % D h A B A1 4) b 4

%

I8 8.  f 78 s|AEOH
Fig. 8. Current cumulative histogram




agen wot

1o
kd
2]
B
pls.
i
L
A
I
o
L
rkt
re
re
1l

a9 7 8 Bl A ABEY FAGS
Epdt), 79 8 A% 9 wE

2
Curmulative Probability) ®X%o]th. A|3tol] u}z}
Hale 129E FHEE BulE Hedte As
=Za7]&9) IEC 61000-3-6[5]1% IEEE PS19A[6]
A Ak Aok 29 102 8 F¢y] AF 7A
85 BH%elth. THDE FA|So] 8317 oJgA
ok 1z3 B} Aol TDDE H#sly 48 %
2 aoksliith

853 1000

CP95 = 1.905 %] ¥ =950 (%)
1=135

Limits =3.0 [%]

RS B o A A N S St S mpepeyeer—0 0
5 08 10 12 14 16 18 20 22 24 26 28 30 32 35 1%

a8l 9. SFE MY HEHES FHRE
Fig. 9. Measured voltage THD cumulative
probability distribution during one day

100 0

y=9500 %]

teR2660

00
200 000 200 W0 4000 51000 53199 (%]

a8 10. £8E IR YYEQ FHEX
Fig. 10. Measured current THD cumulative
probability distribution during one day

4.2 NEL} [ Bt

azv Frke) 93e A3k 87 9
A9le Bgshsd ok 2 =8oMEs Azl
Wahe 12RE F4)71E<! IEC 61000-3-65

AE A (Planning level)- & YA 452 TR
Atk Al e WY A) Afelshs ghola,
3l £F A5 AAsIed ARE-Sch

a9 118 ® 18 232 Jehgith

B

x 1. 1z dgt ot
Table 1. Harmonic voltage evaluation

3% IEC 61000-3-6| A 4 B % C4
Planning level | 95[%] CP | 95[%] CP | 95(%] CP
2 15 0.101 0.103 0.102
3 2.0 0.291 0.198 0.191
4 1.0 0.035 0.039 0.038
5 2.0 1.405 1.182 1.117
6 05 0.021 0.019 0.025
7 2.0 0.367 0.273 0.327
8 04 0.028 0.026 0.03
9 1.0 0.298 0.164 0.281
10 04 0.023 0.021 0.027
11 15 0.492 0.153 0.464
12 0.2 0.018 0.015 0.023
13 15 0.5 0.146 0.487
14 0.2 0.025 0.014 0.029
15 03 0.703+ 0.142 0.682+
16 0.2 0.03 0.015 0.032
17 1.0 0.787 0.156 0.745
18 0.2 0.023 0.014 0.026
19 1.0 0.422 0.228 0.418
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Fig. 11. Harmonic voltage evaluation
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Table 3. Flicker evaluation

Flicker | IEC 61000-3-7
index Planning levels
Pst 08 0.175]0.158 | 0.194
Plt 0.6 0.141 1 0.133 | 0.162
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