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Characteristic Analysis of Power Compensation Condenser
Considering Voltage Harmonics
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(Jong-Gyeum Kim - Dong-Ju Lee)

Abstract - Most of the industrial loads includes the non-linear load as well as the linear load because there are many
kinds of power conversion equipments at the input stage of the load in distribution network. The non-linear load causes
the distortion of voltage waveform at PCC because the non-linear load generates the harmonic current. As a result,
various voltage harmonics are existed at PCC depending on the current harmonics from the non-linear load. And, a
series reactor is generally connected to the power capacitor in series to attenuate the distortion of voltage waveform and
to reduce an inrush current of power capacitor. Also, harmonic current of power capacitor is highly dependent on the
series reactor because it is operated with the power capacitor as a passive filter against nonlinear loads. Then, these
capacitors might be damaged by the excessive voltage and current harmonic components.

In this paper, we presented how to select the capacitor and series reactor to meet the requirement of the voltage
distortion at PCC and analyzed the voltage, current and capacity rating of the power capacitor by the computer
simulation to ensure the safe operation of power capacitor when the voltage harmonics at PCC are existed. Also, the
analysis data were compared with the experimental measurements for the verification.

Key Words : Condenser, Non-Linear Load, Harmonics, Power Factor, Filter, THD.
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Commercial
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(2.2kW) (4.5kW. pf=0.9)
Cy
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6 pulses
Thyristor Rectifier
(3.6kW)

DC Load

Fig. 1 System configuration for harmonics sources with/without
filter
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Analysis of Total Active Power (P;)
And Power Factor (PF;) by Computer Simulation

'

Selection of Power Capacitor (Cyp)
for Power Factor Correction

I‘
y
Selection of Resonant Frequency (5" or 7")
For Cpr & Liys

'

Selection of Series Reactor

'

Simulation of Voltage Distortion (THD) at PCC

No

Voltage THD < Required Value

Verification of Capacitor Specification
a) rms current of capacitor (Ipys)
< 1.35 x rated capacitor current (Icy)
b) rms voltage of capacitor (Vgys)
< 1.1 xrated capacitor voltage (Ven)
c) peak voltage of capacitor (Vppak)
< 1.2 xrated capacitor peak voltage (Veppak)
d) Total reactive power (Qrorar)
< 1.35 x nominal reactive power (Qxom)

a7 3 uE Y

Fig. 3 Selection method
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Table 1 Admissible voltage, current and reactive power
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Fig. 4 Without any filter at the harmonic source
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Voltage Harmonic Distortion[%]
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Fig. 5 Voltage & condenser current harmonics(1)
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Fig. 6 With some filter at the harmonic source
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Fig. 7 Voltage & condenser current harmonics(2)
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Table 2 Selection result
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Table 3 Calculation result(1)
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" AE | aa [T 3AeTA wA
Vieap(%6)  |5% °l3t 6.65% 3.31% 3.6%
AAAE 2.90A
B #Aaa5re| 241A 2.62A 2.48A
(1.,,,=2.15A) 1355%6)
A A AL 418.0V
_ 3Axge| 3065V [ 309.83 309.93
( K‘ms =330V) 110%)
bIER 644.88V
_ (szzgrel | 54045V | 583.0V | 570.82V
(Viear=0374V) [0
AAL 1098VA
- (44439 |73867VA [811.75VA [ 768.62VA
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Table 4 Calculation result(2)
o A PFCRE | PFC+2 A€} F7}h
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