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Analysis of Power Quality for Extra—High Voltage Customers by Field Tests
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Abstract - Recently, due to the expansion of electric power demands, nonlinear load such as converters and inverters
connected to the electric power distribution system, and extensive application of harmonic generation sources with power
electric devices, disturbance of the electric power system and its influences on industries have been continuously
increasing. In this research, power quality was analyzed for 11 extra-high voltage customers by considering voltage
unbalance condition, power factor, THD and TDD. This research will be utilized as fundamental data to improve power
quality for power utility.
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Fig. 1 Result of voltage measurement (A-Customer)
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Fig. 2 Result of current measurement (A-Customer)
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Fig. 3 Total harmonic voltage distortion (A-Customer)
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Fig. 4 Total harmonic current distortion (A-Customer)
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Table 1 Voltage harmonics (A-Customer)

Ao | 1A | 3& | 5& | 7AF | 9z | 11A | 133k | 153

A% | 100 | 094 | 0.74 | 046 | 0.86 | 0.05 | 0.06 | 0.10

B 100 | 068 | 1.01 | 0.39 | 0.80 | 0.02 | 0.06 | 0.04

c 100 | 0.78 | 1.02 | 0.69 | 0.80 | 0.04 | 0.09 | 0.08

N7 | 100 | 60.7 | 52.1 | 49.1 | 47.8 | 478 | 475 | 47.7
¥ 2dF =" (A&7

Table 2 Current harmonics (A-Customer)

A |1 | 33 | 5 | 7R | 9& | 1A | 133 | 15%
A% | 100 | 051 | 121 | 093 | 0.12 | 1.15 | 092 | 0.15
B4 | 100 | 139 | 125 | 1.63 | 0.10 | 0.76 | 1.20 | 0.23
Cd | 100 | 093 | 147 | 160 | 0.06 | 0.89 | 1.20 | 0.11
N7 | 100 | 459 | 104 | 477 | 250 | 193 | 143 | 1.63
o, Tz AFAEES 29 49 o] yEyte
o, 7+ A, B, C Hdl 359[%], H& 168[%]e= HEbe
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Fig. 5 Harmonics for each phase (A-Customer)
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Table 3 Standard for TDD in line not more than 69[kV]
(A-Customer)

nz 45
L Iy | - | 17 | 23 | 86% | TDD
olat | 173 | 237 | 35% | o4
2 | 40 | 20 | 15 | 06 | 03 | 50
2050 | 70 | 35 | 25 | 10 | 05 | 80
50-100 | 100 | 45 | 40 | 15 | 07 | 12.0
100-1000 | 120 | 55 | 50 | 20 | 10 | 15.0
1000 | 150 | 70 | 60 | 25 | 14 | 200
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Table 4 |EEE standard for current harmonics (A-Customer)

i | oAl | % | scr | ' | TpD |=mw
[A] [A]

A 13.13 |53957.39| 4109.56 19.47 0.02 ds

B 13.09 |53957.39| 4120.80 | 18.83 0.02 *>3

C 13.89 |53957.39| 3885.03 | 20.71 0.08 ds

84

37 22800
&l 22600
22400
22200
22000

gl 6 M 5 21 B =87
Fig. 6 Result of voltage measurement (B-Customer)
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Fig. 7 Result of current measurement (B-Customer)
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Fig. 8 Result of power factor measurement (B-Customer)
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Table 5 Voltage harmonics (B—-Customer)
25 12 | 32k | 5&F | 7=k| 92k | 113k | 13A | 157
A% 100 | 063 | 045 | 053] 0.26 | 0.42 | 0.39 | 0.47
B 100 | 052 | 045 | 0.58| 0.29 | 0.37 | 0.41 | 0.45
C% 100 | 061 | 051 | 0.49| 0.37 | 0.47 | 0.37 | 0.48
N7 100 | 294 | 464 | 32.7| 326 | 106 | 91.9 | 295

x 6 87 =B T8I

Table 6 Current harmonics (B-Customer)
AF 12 | 3xF | 52k | 7TAF | 9% | 114 | 134 | 153
A% 100 | 021 | 199 | 145 022 | 2.04 | 1.65 | 0.08
B 100 | 039 | 223 | 1.31 | 0.14| 2.09 | 1.75 | 0.10
C% 100 | 027 | 209 | 152 | 0.12 | 214 | 1.67 | 012
N 100 | 1.35 | 273 | 149 | 1.11| 2.03 | 1.90 | 1.28

Hx 7 |EEE7|& M&F 1n=nB T+Z7hH
Table 7 IEEE standard for current harmonics (B-Customer)
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Table 8 Analysis result of power quality for each customer
5 _ al A A7] ] T
| =3 gy (2|2 | 0| D
l e lge | 9E
7t PE | JE D
22.9kV/280V B A
A 1L750KVA, 14 Y x(i)] = 1.89 | 295 | 98.1 | 0.08
22.9kV/3,300V BEEYE
B 1LAOOKVA, 1342 Y P 32412951923 10.03
22.9kV/220V A7
C B0KVA, 234 Y ( %ﬁ 2) 19414791953 | 1.03
22.9kV/440V, A a) & _
D1 j000kva, 2% | 2 |gdmaz | 247|548 | 870
22.9/6.6kV AR5
E QMVA, 1542 Y PES 1.22 1594 1976 | 0.03
22.9/6.6kV AAE-E
F JMVA, 1342 Y PES 119622973 | 0.21
22.9/6.6kV AR5
G 10MVA, 1342 Y A 1.13 [ 455|974 | 0.10
22.9/3.3kV 2= % B
22.9kV/330V tho]opit
I 5800KVA. 1342 Y | & e 091 489|928 |0.11
22.9kV/330V tjojolit
13950k VA, 1342 Y | & A= 1.02 |1 104 | 93.1 | 0.21
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Table 9 Result of THD analysis for each customer
j A<+ THD[%] A5 THD[%]
2 (ag|BR|ca| NP (NI A B|C| NP | NL
A | 1.65|165|1.77[ 18358 | 4881 [3.13|359| 356 | 1897 | 560
B 271 ]1.70191|1254.1 |187.29|4.66(4.88|5.02 | 765 | 3%
C | 1.84|174|1.70] 562.1 | 230.8 [19.3]|20.9|23.58| 3655.77 | 43.98
D [325(321(349| - - 154.9]499(57.99 - -
E [0721]0.72(067|2473.1| 6286 |1.82(1.82| 1.87 | 291 | 270
F 070 ]0.67(064|1603.0| 536.0 |6.89|7.15| 758 | 37.96 |21.72
G [0641]060[056(13290(113.15(4.07|4.25| 447 | 11.81 | 1052
H |087(0.79(0.74| - - |1.70| 1.8 1.60 - -
I [1.00[1.11[091| 237.1 | 125.2 {2.80(2.98| 249 | 1423 |11.24
J 1096 [1.22|081] 247.8 | 1438 [452|454| 456 | 2833 | 2350
K |122]135/1.30] - - 16.50[7.10] 6.07 - -
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