Harmonic Filter Design in Power Systems
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Recommended Practice for Establishing Capacitor Capabilities
When Supplied by Nonsinusoidal Voltages

IEEE 5td 18-1980

Capacitor Bank Data:
Bank Rating: 1200 |LVAr
Voltage Rating: 13500 [V (L-L)
Operating Voltage: 13800 |V (L-L)
Supplied Compensation: 1200 LVAr
Fundamentsl Current Rating: 502 Amps
Fundamental Frequency: Hz
Capacitive Reactance: 168700 0}
Harmonic Dlstribution of Bus Voltage:
[Marmonic Frequency|Volt Mag V, [Volt Mag V}, [Line Current I
Number | (Hertz) [{% of Fund.) (Volts) (% of Fund.)
1 ] 10000 TO67.4 100.00
3 180 0.00 0.0 0.00
5 300 4.00 3187 20.00
7 420 4.00 238.0 21.00
11 BED 0.00 0.0 0.00
13 T80 0.00 0.0 0.00
17 1020 0.00 0.0 0.00
19 1140 0.00 0.0 0.00
21 1260 0.00 0.0 0.00
23 1380 0.00 0.0 0.00
25 1500 000 0.0 0.00
Voltage Distortion (THD): 500 |5
RMSE Capacitor Voltage: 7977.39 |Volts
Capacitor Current Distortion: 29.00 | %
RMS Capacitor Current: 0227 | Amps
Capacitor Bank Limits:
Calculated Limit Exceeds Limit
Peak Voltape: 10705 120¢% No
RMS Voltage: 100.15% 110% No
EMS Current: 104L1% 180% No
EVAr: 104.3% 135% No
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V, = 69kV
Isofl; h<1l 11=h<17 17=h<23 23=h<35 35=h TDD

<20 4.0 2.0 1.5 0.6 0.3 5.0
20-50 7.0 3.5 2.5 1.0 0.5 8.0
50-100 10.0 4.5 4.0 15 0.7 12.0

100-1000 12.0 5.5 5.0 2.0 1.0 15.0
>1000 15.0 7.0 6.0 2.5 1.4 20.0

89 kV < V, = 161 kV

<20 2.0 1.0 0.75 0.3 015 25

20-50 3.5 175 1.25 0.5 025 40

50-100 5.0 295 2.0 0.75 035 6.0

100-1000 6.0 2.75 25 1.0 0.5 7.5

>1000 75 3.5 3.0 1.25 0.7 100

V, > 161kV

<50 2.0 1.0 0.75 0.3 015 25

=50 3.0 1.50 115 0.45 022 375

*All power generation equipment applications are limited to these values of current distor-
tion regard less of the actual short-circuit current ratio Isc/Ir.
soURcE: [EEE Standard 519-1992, tables 10.3, 10.4, 10.5.
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Harmonic  Six-pulse ASD PWM drive Arclighting SMPS

1 100 100 100 100
3 20% 70
5 18 90 7 40
7 12 80 3 15
9 2.4% 7
11 6 75 1.8 5
13 4 70 0.8 3

*For single-phase or unbalanced three-phase modeling; otherwise assume
triplen is zero.

ASD = adjustable-speed drive, PWM = pulse-width modulated,
SMPS = switch-mode power supply.
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Harmonic Current, %  Frequency, Hz  Current, pu ? IZh?
1 100.00 60 1.000 1.000 1.000
3 65.70 180 0.657 0.432 3.885
5 37.70 300 0.377 0.142 3.553
7 12.70 420 0.127 0.016 0.790
9 4.40 540 0.044 0.002 0.157

11 5.30 660 0.053 0.003  0.340
13 2.50 780 0.025 0.001 0.106
15 1.90 900 0.019 0.000 0.081
17 1.80 1020 0.018 0.000 0.094
19 1.10 1140 0.011 0.000 0.044
21 0.60 1260 0.006 0.000 0.016
23 0.80 1380 0.008 0.000 0.034
25 0.40 1500 0.004 0.000 0.010
27 0.20 1620 0.002 0.000 0.003
29 0.20 1740 0.002 0.000 0.003
31 0.20 1860 0.002 0.000 0.004

Total 1.596 10.119

K factor 6.34
Standard derating (ANSI/IEEE C57.110-1986) 0.85 pu
Assumed eddy current loss factor Byop 8%
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10 2.5-3.0 Dedicated system
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Not multiple of 3 Multiple of 3
0dd Harmonie Odd Harmonic Even Harmonie
order voltage order voltage order voltage
h (%6) h (%) h (9e)
5 6 3 5 2 2
T 5 9 1.5 4 1
11 3.5 15 0.3 L4 0.5
13 3 21 0.2 8 0.5
17 2 =21 0.2 10 0.2
19 1.5 12 0.2
23 1.5 =12 0.2
25 1.5

>2b 0.2 + 1.3 X 25/h
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Max. permissible
harmonic Max. permissible
Odd order i current order (A) Ewvenorder i  harmonic order (4)

3 2.3 2 1.08
a 114 4 0.43
T 0.77 B 0.3
9 0.4 8-40 0.23 x 8k
11 0.33
13 0.21
15-39 0.15 x 15/h

Max. permissible harmonie

Harmonie order i current® (95)
2 2
a 30 » eircuit power factor
3] 10
T T
9 5]
11-39 3

D oS Sl sl Sisasla O 2 slacys sioms 024 Jputr

Max. permissible
harmonie current

Harmonie order i Per watt (mA/W) {A)
2 3.4 2.3
o 1.9 1.14
7 1.0 077
9 0.50 .40

13 0.35 0.33
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Harmonie Max. permissible Harmonie Max. permissible
order h harmonic current® (%) order it harmonic current® (%)
3 21.6 19 1.1
a 10.7 21 0.6
T T.2 23 0.9
3] 3.8 25 0.8
11 4.1 27 0.6
13 2 29 0.7
15 0.7 31 0.7
17 1.2 33 0.6

IEC 61000-3-6 0-1
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1 Extra High Voltage
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MV ,
0dd harmonies
Not multiple of 3 Multiple of 3 Even harmonics
Harmeonic Harmonic Harmonic

Order i voltage (%) Orderfi  voltage (%) Orderk  voltage (%)

51 6 3 5 2 2

7 5 9 15 4 1
11 3.5 15 0.3 6 0.5
13 3 21 0.2 8 0.5
17 ) =21 0.2 10 0.5
19 1.5 12 0.2
23 1.5 =12 0.2
25 1.5

=25 0.2+ 1.3 x 25k

Sp olsl g 5 (Hb Gl b ol e (b s

T2 I NI T VOO A NI NP PRGN PR B R
S ) Gheoss Dsens Ssels Wy gl Hlb sk
0L A8 5 A1) sls st s MV, HV,EHV byt 510 w0l
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MV St
0dd harmonics
Not multiple of 3 Multiple of 3 Even harmonics
Harmonic Harmonic Harmonic

Orderh  voltage (%) Orderh  voltage (%) Orderh  voltage (%)

53 5] 3 4 2 1.6
T 4 9 1.2 4 1
11 3 15 0.3 G 0.5
13 2.5 21 0.2 8 0.4
17 1.6 >21 0.2 10 0.4
19 1.2 12 0.2
23 1.2 =12 0.2

25 1.2
=25 0.2+ 0.5x 25/h

03l W 4 sl W Ao s ey b 2 sk 44 i
EHV s HV sl

0dd harmonics

Not multiple of 3 Multiple of 3 Even harmonics

Harmonic Harmonic Harmonic

Order i voltage (%) Orderh  voltage (%) Orderh  voltage (%)

5 2 3 2 2 16

i 2 9 1 4 1
11 1.5 15 0.3 6 0.5
13 1.5 21 0.2 8 0.4
17 1 »21 0.2 10 04
19 1 12 0.2
23 0.7 =12 0.2
25 0.7

=25 0.2+ 0.5 x 25/
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0dd harmonics

Not multiple of 3 Multiple of 3 Even harmonics

Harmonic Harmonic Harmonic

Order A voltage (%) Orderh  voltage(%) Orderh  voltage (%)

5 6 3 5 2 2

7 b 9 1.5 4 1
11 3.5 15 0.3 6-24 0.5
13 3 21 0.2
17 2
19 1.5
23 1.5
25 1.5

Sl T &S LT3l cilonss Jasein VL (glaas o slacS 5o s
EN 50160 (slacyssdme Cuils Sl i 55 dijls SorsS islie
5 LV lagiew 53 IEC 61000-3-6 (5 5 5ln 7 shs dilas Ly &8
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