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ABSTRACT

In this paper, based on the the field measured data, the
correlation between the switching mode of the shunt
capacitors, the harmonic amplification problems and the
excessive noise of shunt capacitors is summarized. After
that, this paper analyzed the operating environment of
the shunt capacitors and series reactors theoretically,
showing the mechanism of the harmonic amplification
problems. On this basis, focusing on the resonance
conditions, the requirements of harmonic amplification
under different system short circuit capacities, shunt
capacitor capacities and series reactance ratios are
studied. At last, targeted prevention measures such as
improving the series reactance ratio to prevent resonance
occur are proposed in end of this paper.
Keywords: Shunt Capacitor, Power Quality, Harmonics,
Field Measurements.

INTRODUCTION

With the development of economy and urbanization, the
city power grid is under rapid developing. The grid
structure is becoming increasingly mature and complex.
At the meantime, more and more non-linear loads were
connected to the grid, generating harmonics and other
power quality pollution. The interaction between power
grid and power customers has made power quality issues
presented in more various forms and been widely
recognized by more people. In this complex grid
environment, the operation of traditional grid equipment
such as capacitors has also been affected[1].
As one of the conventional configuration grid equipment,
shunt capacitors are mainly used to compensate reactive
power of inductive loads to improve the power factor,
which is an effective measure to improve voltage quality
and reduce power loss. Recently, problems of excessive
noise of shunt capacitors have occurred in Shanghai for
several times. Field measurements indicate that this kind
of problem is mainly caused by harmonics. The series
reactance ratio of the shunt capacitors is not suitable and
the resonance is more likely to happen, causing harmonic
amplification and then leading to the excessive noise of
shunt capacitors.
This paper takes Shanghai as an example to discuss the
typical problem of shunt capacitors excessive noise
caused by harmonics in city power grid.

THE TYPICAL PROBLEM OF SHUNT
CAPACITORS EXCESSIVE NOISE CAUSED
BY HARMONICS IN SHANGHAI

Poblems of shunt capacitors excessive noise caused by
harmonics have occurred several times in Shanghai,
which have typical features including:
a) Problems mainly happen in 10kV buses of substation;
b) The ratios of series reactors of the shunt capacitors are
all 1%;
c) Problems of Shunt capacitor excessive noise are
mainly caused bv 5th harmonic.
Take substation F, one of the substations which have
found this typical problems, as an example, based on the
filed measurements data, the noise and total harmonic
distortion(THD) of voltage when the shunt capacitors
were online/offline are shown in table 1.

Tab.1 Field measurement result of noise and voltage
THD of the 10kV bus bar in substation F

Shunt capacitor
operation status

Noise Voltage THD

Offline 44dB 1.4%
Online 95dB 9.6%

Each voltage harmonic content of the bus bar in
substation F is shown in figure 1.

Fig.1 Each harmonic content of the 10kV bus bar
voltage in substation F

In IEC61000-2-2, the limit for THD in low voltage
networks is 11% and the limit for part of the individual
harmonic voltages is shown in table 2.
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Tab.2 Compatibility levels for individual harmonic
voltages in low voltage networks(IEC61000-2-2)
Odd harmonics
non-multuple of 3

Odd harmonics
multiple of 3

Even
harmonics

Order % Order % Order %
5 6 3 5 2 2
7 5 9 1.5 4 1

According to the field test result, when the shunt
capacitor was offline, the background noise and voltage
harmonic were normal. But when the shunt capacitor was
put into operation, both the noise and the content of
harmonics were at high levels.

THEORETICAL ANALYSIS

The Shunt capacitor excessive noise problem caused by
harmonic is related to the configuration of capacitors, the
switch mode of shunt capacitors and the operation mode
of power gird.
For the system short circuit capacity is Sd, the series
reactance ratio is K, then the formula to calculate the
shunt capacitor capacity Qc that satisfies the resonance at
the n-th harmonic frequency is[2]:

2

1
c dQ S K

n
   
 

In most areas of Shanghai, the system short circuit
capacity of 10kV bus bars is between 100 to 340MVA.
The shunt capacitor capacity in these substations ranges
from 3 to 10Mvar. The series reactance ratio mostly
ranges from 1% to 5%, which is mainly designed to
relieve the surge current problem of the shunt capacitor.
Besides, due to the construction of HVDC converter
substations and the access of nonlinear loads, the main
content of voltage harmonics in Shanghai includes 3th,
5th, 7th, 11th and 13th harmonics. And the the content of
5th harmonic is the highest among the background
harmonics of most low-voltage bus bars. If the capacitor
capacity and series reactance ratio are not properly
selected, harmonic resonance problems may occur at
these frequencies.
Under these conditions, we can calculate the correlations
of the system short circuit capacity Sd, the shunt
capacitor capacity Qc, the n-th harmonic resonance
frequency and the series reactance ratio K.
When the series reactance ratio K is 1%, which is the
most common selection in early design templates, the
calculation result is shown in table 3.

Tab.3 When K=1%, the correlations of Sd, Qc and n
Sd/
MVA

Qc/
MVA

n
Qc/
MVA

n
Qc/
MVA

n

100 3 5 5 4 10 3
120 3 5 5 4 10 3
140 3 6 5 5 10 4
160 3 6 5 5 10 4
180 3 6 5 5 10 4

Sd/
MVA

Qc/
MVA

n
Qc/
MVA

n
Qc/
MVA

n

200 3 6 5 5 10 4
220 3 7 5 6 10 4
240 3 7 5 6 10 4
260 3 7 5 6 10 5
280 3 7 5 6 10 5
300 3 7 5 6 10 5
320 3 7 5 6 10 5
340 3 7 5 6 10 5

When the series reactance ratio K improves to 5%, the
calculation result is shown in table 4.

Tab.4 When K=5%, the correlations of Sd, Qc and n
Sd/
MVA

Qc/
MVA

n
Qc/
MVA

n
Qc/
MVA

n

100 3 4 5 3 10 3
120 3 4 5 3 10 3
140 3 4 5 3 10 3
160 3 4 5 4 10 3
180 3 4 5 4 10 3
200 3 4 5 4 10 3
220 3 4 5 4 10 3
240 3 4 5 4 10 3
260 3 4 5 4 10 3
280 3 4 5 4 10 3
300 3 4 5 4 10 3
320 3 4 5 4 10 4
340 3 4 5 4 10 4

Conclusions can be drawn from the comparison of table3
and table 4 that reducing the system short circuit capacity,
improving the capacity of shunt capacitor and raising the
series reactance ratio can all move the resonance
frequency to a lower value. However, the system short
circuit capacity is determined by the structure and
operation mode of power grid. The shunt capacitor
capacity is designed to match the power factor and
compensation capacity in the substation. On this basis,
adjusting the series reactance ratio can be the most
appropriate and feasible measure to avoid harmonic
resonance problems.
For further discussion , take substation F as an example
to analyze the effect of series reactance ratio change on
resonant frequency.
In substation F, the system short circuit capacity of 10kV
bus bar is 290MVA, the capacity of #1 shunt capacitor is
3Mvar ,the capacity of #2 shunt capacitoris 5Mvar and
the series reactance ratios of both shunt capacitors are 1%.
The main electrical scheme of substation F is shown in
figure 2.
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Fig.2 Main electrical scheme of substation F
The relation between resonance number n and series
reactance ratio K can be calculated, which is shown in
figure 3.

Fig.3 relation between resonance number n and series
reactance ratio K

The calculation result in Figure 3 indicates that with the
increase of series reactance ratio, the resonance frequency
shifts to lower frequency band. When the series reactance
ratio is 1%, the resonance number is very close to 5,
which meas a high probability of 5th harmonic resonance.
When the resonance problem occurs, the core of the
reactor works in the saturation region, and
magnetostriction happens, which inspires huge noise. If
the series reactance ratio improves to 5%, the resonance
frequency is between 3th and 4th harmonic frequency,
which means the resonance condition is broken.
Choosing a suitable series reactance ratio can be an
effective measure to deal with resonance problems.

MEASURES AND EFFECTIVENESS

According to the theoretical analysis in last chapter,
improve the series reactance ratios of shunt capacitors
can be effective to deal with the typical problem.
In substation F, this measure has been applied. Both of
the series reactance ratios of the two shunt capacitors
were improved from 1% to 5%. Field measurement result
of noise and voltage THD was shown in table 5.

Tab.5 Field measurement result of noise and voltage
THD of the 10kV bus bar in substation F after the

series reactance ratios were improved
Shunt capacitor
operation status

Noise Voltage THD

Offline 46dB 1.3%
Online 60dB 0.8%

Each harmonic content of the bus bar voltage in
substation F is shown in figure 4.

Fig.4 Each harmonic content of the 10kV bus bar
voltage in substation F after the series reactance ratios

were improved
Field measurement result indicates that improving the
series reactance ratios can effectively suppress the
generation of harmonic resonances. After the shunt
capacitors were put into operation, resonance problems
didn’t happen any more, and the shunt capacitors even
played a filtering role, reducing the voltage THD of the
10kV bus bar form 1.3% to 0.8%, which is good for the
regional power quality.
Nowadays, adjusting the series reactance ratio to deal
with the Shunt Capacitors Excessive Noise problem
Caused by Harmonics has become a typical management
experience of Shanghai city power grid. Many
substations that had such problems have solved the
harmonic and noise problems in this way, eliminating the
hidden dangers of safe operation of the power grid,
improving the surrounding living environment, which
means great to both the power gird and the society.

SUMMARY AND SUGGESTION

On the typical problem of shunt capacitors excessive
noise caused by harmonics, conclusions can be drawn
based on the field measurement results and theoretical
analysis in this paper.
First of all, inappropriate series reactance ratio of shunt
capacitors can lead to harmonic resonance problems,
which should be taken into consideration in substation
construction. Harmonic resonance may cause vibration
and noise in substations, which will affect the operation
of equipment in the substations and do harm to the living
environment of residents around substations. When
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configuring shunt capacitors, in addition to limit the
surge current, choosing the right series reactance ratio to
avoid the occurrence of resonance problems is equally
important. Designers should undergo rigorous accounting
to determine the specific value.
Secondly, harmonic resonance is one og the factors that
cause the excessive noise problems of shunt capacitor,
but it is not the only factor. From the test result of the
substation F after the transformation in table 5, it can be
seen that after the capacitor was put into operation, the
voltage THD of the 10kV bus bar is reduced but the noise
is increased. This is because the amount of current
flowing through the capacitors is also an important factor
affecting the size of the noise that released, as well as the
as the noise suppression characteristics of the equipment.
Such issues require targeted field testing and analysis.
Lastly, as a complex urban power grid, shunt capacitors
excessive noise caused by harmonics is one of the typical
problems found in Shanghai. Analysis and measures
discussed in this paper can be reference for the harmonic
management in other urban power grids with similar
problems. However, due to the difference of the power
grid structures in different cities, as well as the
characteristics of background harmonics, concreting
analysis of specific issues is necessary.

REFERENCE

[1] Lin Haixue, 2001, The Basic Power Quality Issues,
Power Grid Technology, 25(10):5-12.

[2] WANG Heping, WANG Gang, JIANG Yanren,
ZHANG Qiang, JIA Huiyun, 2015, Preciseness
Analysisi of the Formula for Calculating the
Capacitor Capacity When Parallel Resonance in GB
50227, Power Capacitor & Reactive Power
Compensation, Vol.36, No.2:0024-0027.

[3] Aiqiang Pan, Jiapei Jin, Ling Luo, Tiantian Chen,
2015, Power Quality Analysis and Harmonic
Tracing in City Grid based on Big Monitoring Data,
CIRED2015.


