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Analysis and Design of a Passive Harmonic Filter for a Three—-Phase Rectifier

=9 A #FT

(Young-Sik Cho - Han-Ju Cha)

Abstract — This paper presents an analytical design method of a passive harmonic filter for a three-phase diode
rectifier and uses a new transfer function approach in the analysis and design. The transfer function approach derives
an analytical formulation of an utility system including passive filters with a basis of Laplace transform and provides a
graphical formulation so that a visualized insight into an interaction between individual filter and system response can
be attainted. Harmonic impedance, voltage division and current division transfer function are used as a design tool,
which makes a calculated filter parameters to satisfy IEEE-519 distortion limits. A simple five-step design procedure is
introduced in the filter design, which consists of system analysis, selection of PCC(Point of Common Coupling), filter
specification calculation, appropriate filter design for system and filter implementation. Philosophy governing the design
procedure is based on a numerical/graphical iterative solution, trial and error with visualization feed-back based on
"algebra on the graph”. Finally, performance of the designed passive harmonic filter is verified by experiment and shows
that 5th, 7th, 9th, 11th and 13th harmonics are decreased within IEEE-519 distortion limits, respectively.
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Table 1 Current distortion limits for 120V through 69000V[3]

I /1 Individual harmonic order(odd harmonics) [%]
L 11<h 17<h 23<h .
sc h<11 =17 <23 35 35<h | TDD
<20 4.0 2.0 15 0.6 0.3 5.0
20-50 7.0 35 2.5 1.0 0.5 8.0
50-100 10.0 45 4.0 15 0.7 12.0
100-1000 12.0 55 5.0 2.0 1.0 15.0
>1000 15.0 7.0 6.0 25 14 20.0
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Table 2 Current harmonic components
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Table 4 Current harmonic components without filter
223} FFE(%)

5th 7th 11th 13th

A A 72.6 61.8 20.9 13.2
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Table 5 Current harmonic components after filters

B 8 %)
Tow

5th 7th 11th 13th

Sthaa B4 2] Al 5.55 12.94 3.26 2.02

TthZ A2 A 2791 3.48 4.32 3.00

5th&7thA %] A] 11.66 1.52 1.97 1.08
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Table 6 Circuit constants for filter

-+ g E (L) Ao A EH 2=(C)
A7) gk 2.85mH -
a’d 1.18mH" 2.183mH" -
ACL b 1.32mH" 2.193mH" -
c 1.29mH" 2.033mH"
A A g 10.76mH 29.594F
52} a’t 5.68mH" 9.162mH’ 29.826.F°
g b 6.15mH" 9.705mH" 29.844.F*
At 5.95mH" 9.521mH" 29.8144F"
A A 5.297mH 29.59uF
72 a’ 2.63mH" 4.951mH’ 29.923uF"
g b 2.81mH" 4.992mH’ 30.0804F
Y 2.44mH" 4523mH’ 29.863uF
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Table 7 Current harmonic components without filter

E 1723 8 (%)
- 7] 15} 52} 73 11} 137
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Table 8 Current harmonic components after 5th filter
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Table 9 Current harmonic components after 7th filter

nz3} & (%)
7] & 5} 52k T2} 112k 132k
e A A A 100 72.6 61.8 20.9 13.2
TthZH A2 % 100 39.9 4.8 4.9 2.5
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Table 10 Harmonic components after 5th and 7th filter
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