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Investigation on Harmonic Voltage Standard in Power System
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Abstract: For cooperating the revising of national harmonic standard GB/T 14549-1993, this paper introduces the corresponding present
standards of IEC, USA, UK, Russia, and some other European countries. By analysis and comparison combined investigating for harmonics of
internal power networks, some suggestions for revising national harmonic voltage standard are presented.
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1 LV MV
Tab.1 Compatibility levels for harmonic voltages in low and medium voltage networks (percent of fundamental component)
3 3
h /% h /% h /%
5 6 3 5 2
5 9 1.5 4
11 3.5 15 0.4 6 0.5
13 3 21 0.3 8 0.5
17< h< 49 2.27x (17/h)-0.27 21< hs 45 0.2 10< hs 50 0.25x (10/h)+0.25
THD 8% THD 3 s THD 11%
k
2 IEC 61000-2-4 1
GB/T 18039.4-2003 ™ u,
MV Lv Us 1KY
3 2 MV 1kvV Us 3BKkY
PCC HV B Us 230kv
IPC 1 EHV U, 230kv
2
2 2 1 13 1 LV MV
THD “ g
Tab.2 Compatibility levelsforharmonicvoltages
1 2 3 3
THD / % 5 8 10 2008 1996
3 IEC 61000-2-12 1
2003-04 ™I
IEC 61000-
2-2 1 230~500 kV
4 1EC 61000-3-6 220 kV 2
2008-02 1EC
GB/T 3
14549 1993 GB/Z 17625.4 3 EMC
3 MV HV EHV
Tab.3 Indicative planning levels for harmonic voltages in MV, HV and EHV power systems
3 3
/% /% /%
h MV HV-EHV h MV HV-EHV h MV HV-EHV
5 4 2 2 1.8 1.4
1.2 1 4 1 0.8
11 3 1.5 15 0.3 0.3 6 0.5 0.4
13 2.5 1.5 21 0.2 0.2 8 0.5 0.4
17< h< 49 1.% (17/h)-0.2 1.2x(17/h) 21< hs< 45 0.2 0.2 10< h< 50 0.25 (10/h)+0.22 0.1% (10/h)+0.16
6.5 % 3 % EHV HV EHV
3 99 % 3 s 1 k
10 min 95% 40 50 100

PWM
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2 IEEE
65/4 g
IEEE Std.519—2005 400 V~400 kV
4 [71 2
1992 V<1 kv 3 4
4 “ "
Tab.4 Voltagedistortion limits (percentofnominal 1EC
vol
o) 35 KV
pPCC v, /kV /% (THD) V, /% K
v, 1 5.0 8.0 35 kv
1 V, <69 3.0 5.0 THD,
69 V, < 161 1.5 2.5 6
v, 161 1.0 1.5
7
THD 2.0%
4
THD
6 THD,
Tab.6 Compatibility level for harmonic voltages (THD,)
) /kV 0.4 < 36.5 66 132 275 400
4 10 min THD /% 8 8 5 35
95% 3s 7
1.5 99% S , .
Tab.7 Indicative planning levels for harmonic voltages
1981 (abstract)
IEEE ANSI/IEEE Std 519-1981 ™
5 3 3 THD, /%
h HR/% h HR/% h HR/%
4.0 3 4.0 2 1.6
> 1981 400 v 7 4.0 9 1.2 4 1.0 5
Tab.5 Total harmonic distortion of voltages (American 11 3.0 15 0.3 6 0.5
standards in1981) 3.0 s 3.0 ) 15
THD, /% 6-6KV 1Lk 3.0 9 1.2 4 1.0 4
20KV 91 90 15 0.3 6 0.5
460 v 5 10 2.0 3 2.0 2 1.0
2.4~69 kv 5 8 20 kv= 2.0 9 1.0 4 0.8 3
115 kv 1.5 1.5 WSKY g s 15 0.3 6 0.5
—_— 2.0 3 15 2 1.0
4 5 2005 1~69 kv 400 KV 1.5 9 0.5 4 0.8 3
1KV 1081 11 1.0 15 0.3 6 0.5
THD 5% THD 8% iR
69~161 KV THD  2.5% 1976 G5/3*
» [6]
1981 115 kv 2005 115 kv
25
3 Gb/4 G5/3
G5/4 EA 2001 8
2 7 8 1 G574
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4
8 G5/3 I OCT 13109-87 1987
Tab.8 Admissible levelsfor harmonicvoltages inelectric- 1001
ity supply system (from G 5/3) 10 1987
HR /% Tab.10 Sine wave distortion for power network voltages
/kv THD /%
1987
0.415 5 4 2
6.6 11 4 3 1.75 iy /%
33 66 3 2 1
132 1.5 1 0.5 <1 5.0 10
6~20 4.0
G5/3 35 3.0
IEC61000-3-6 2 G5/4 z 110 2.0
66 kV THD, 9 10
65/3 66 kv 1 1997 1987
132 kV THD, 1.5% 3% IEC
3 G5/4 275 kV 400 kv
2
G5/4 1987 2 1997 1.5
3 1987
3 s IEC61000-2-2 1
1EC61000-2-12 1997 1EC
1 k
4 IEC 1
1997 S
[ OCT 13109-97 1994 CENELEC
o ™ < 1kV
9 1997 1kV~35 KV
Tab.9 Sine wave distortion for poser network voltages (1997)
iy /% 11[12]
038 50 70 10 min 95%
6~20 5.0 8.0 THD 40
35 4.0 6.0 8%
110~330 2.0 3.0
35kv 230 kv
7 95%
230 kV 12~ 14 W
11 U 25

1
Tab.11 Limits for individual harmonic voltages in low and medium voltage supply terminals (percent of U, up to 25)

3 3
h U, / % h U, /7 % h Uy /%
5 6.0 3 50 2 2.0
5.0 9 1.5 4 1.0 25
11 3.5 15 21 0.5 6~24 0.5
13 3.0
17 2.0
19,23,25 1.5

EN 50160 2007
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12 HV
Tab.12 Limits for harmonic voltages in French HV power networks
/
3 3
h U, / % h U, 7 % h U, 7/ %
5 7 2.0 3 2.0 2 1.5
11 13 1.5 9 1.0 4 1.0 3
17 19 1.0 15 21 0.5 6~24 0.5
23 25 0.7
13 HV EHV
Tab.13 Limits for harmonic voltages in Portugal HV and EHV power networks
/
3 3
U, 7 % U, 7 % U, / %
h —— h ———mM—— /h——
Y EHV Y EHV HV EHV
5 4.5 3.0 3 3.0 2.0 2 1.6 1.5
7 3.0 2.0 9 1.1 1.0 4 1.0 1.0
11 2.5 1.5 15 0.3 0.3 6 0.5 0.5
13 2.0 1.5 21 0.2 0.2 8 0.4 0.4 THD,, < 8
17 1.3 1.0 >21 0.2 0.2 10 0.4 0.4 THD gy < 4
19 1.1 1.0 212 0.2 0.2
23,25 1.0 0.7
>25 25/h  0.2+12.5/h
14 HV EHV
Tab.14 Limits for harmonic voltages in Norway HV and EHV power networks
/
3 3
) U, / % ) U, / % h Uy /%
HV EHV HV EHV HV EHV
5 3.0 2.0 3 3.0 2.0 2 1.5 1.0
7 2.5 2.0 1.5 1.0 1.0 0.5
11 2.5 1.5 15,21 0.5 0.5 6 0.5 0.5 HV EHV THD
13,17 2.0 1.5 >21 0.3 0.3 >6 0.3 0.3 )
3% 10 min
19 1.5 1.5
23 1.5 1.0
25 1.0 1.0
>25 0.5 0.5
12~ 14 15
THD 3% 1
1%~1.6% [14]
[17] 1994
12 GB/T 14549-1993
6
2006 1994
GB/T 14549-1993 GB/T 14549-1993
15 [20-

[15-39] 22]
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15 THD
Tab.15 General investigation results for THD of voltage classes indifferent districts
/iy GB/T 14549-1903 /o
THD /7 % ;
[15] 16.7
[16] 1987~1994 12.5 75
[17] 1994 46.1
[18] 2004 0
[19] 2005 100
110 2.0 [20-21] 2002~2004 50
[221 2006 1~6 100
[23] 2006 1~6 0
[241 2006 6 100
66 3.0 [25] 1998 20
[26] 0
35 30 [20] 2002~2004 80
[271 2006 0
[23,28-30] 33.3
[25] 1998 0
[26] 29.2
10 4.0 [21,31] 2002~2004 23.5
[32] 2006 0
[271 2006 40.5
6 4.0 [26] 0
[321 2006 0
0.38 50 [33-37] 2004~2007 30
[38] 2005 0
[39] 1998~2000 20 3 60
[25] 1998 0
[17] 1994 33.3
220 2.0 110 kv [18] 2004 0
[20] 2006 0
110 kv 0.38kV
2
GB/T 14549-1993
[40] « »
0.38 kv 220 kv *“ ”
[18] 220 kV 0.38 kV 5% 110 kv
110 kV THD THD
3 110 kV THD 16
220 kV
16 THD
Tab.16 Comparison of THD
[16] [19] [24] e z
[40]
110 1.57 2.0
4 0.38kV 35 3.10 3.0
[39] 10 4.08 4.0

0.38 5.0
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10 kv
20~1 600 kKVA 35 kV 160~6 300 kVA 110 kv
6 300~150 000 kVA 220 kV
40 000~400 000 kVA
16
G573 el
[41]
[42]
IEC 61000-3-6
20 kV~145 kV
8
1
2 GB/T 14549-1993
3 1EC
4

THD
17
17 THD
Tab.17 Limitsoftotal harmonicdistortion (THD) of voltage

/%
/kV
0.38 5.0 6.0
6,10 4.0 4.0
35,36 3.0 4.0
110 2.0 3.0
220~500 (2.0) 2.0
1 380V
[39] 15 THD 5%
IEC 61000-2-2 8%
IEEE Std.519-2005 THD 8%
1EC
1EC
THD 6% 1EC
61000-2-2 1990 THD 8%
2003 GB/T
18039.3 THD 8%
2 6 kV~66 kV THD 4%
THD 4%
IEC 61000-2-128
5 [4] 1EC THD
6.5% 8%
3 110kV THD

2%
2.5% 3.0%
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2.5% 3.0%

2.5%
3%
IEC 3% 110 kv 2.5%
220 kv 1.5%
2.0% 110 kv 2.5%
4 220 kv 330 kv 500 kv THD
“ 220 kv
110 kv " 330 kv
500 kv
220 kv~500 kv
THD 2% 1.5%
3.0%
9
1EC
THD
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Fig- 11 Thecurrentofsource I (solid line) and source 11 (dotted
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Fig. 9 Diagramof improved forced-commutation strategy
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