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ABSTRACT Rapid development of power electronics technology, successive emerging
of new materials and new structural devices, and improvement of computer technol-
ogy provide vigorous support for actual application of modern control technology. The
researches on application of power electronics technology in power system become in-
creasingly extensive and profound, thus enormously supporting and developing reactive
compensation technology of power system. This article has discussed application and
development of power electronics technology in power system, analyzed reactive power
and harmonic wave in power system, briefly introduced the development and research
of reactive compensation technology at home and abroad, intensively promoted the de-
velopment and application of SVC device, and put forward a series of design solutions
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to lower avoidable energy loss of the whole power system.

1. Introduction

Power electronics technology refers to a modern technol-
ogy that uses power electronic device to convert and con-
trol electric energy. It realizes the final conversion of power
frequency electric energy of power grid into electric energy
of different natures and different purposes so as to adapt
to different demands of the ever changing electric devices.
Power electronics technology is an emerging interdisciplin-
ary subject since the 20" century. Power system is an im-
portant field for application of power electronics technol-
ogy. Application of power electronics technology in power
system involves several major issues such as improvement
of power transmission capacity, bettering of electric energy
quality, improvement of operational stability reliability and
control flexibility of power grid and reduction of loss. Dur-
ing the construction of power grid system of China, insuf-
ficient capacity of reactive compensation and unreasonable
and unscientific power grid configuration are two most dif-
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ficult challenges. The issue of insufficient capacity of reactive
power is especially serious. The emerging of these problems
reflects an unstable status of power grid system, which forc-
es us to continuously develop and research reactive com-
pensation device in power system and realize stable and safe
operation of the power system [1].

2. Harmonic Wave and Reactive Power in Power System
2.1. Generation of Harmonic Wave and Reactive Power
In the current industry and daily life, most electrical loads
are resistance-inductance loads. For example, asynchro-
nous motor, fluorescent lamp for daily use, industrial elec-
tric arc furnace and transformer are all typical resistance-
inductance loads. Resistance-inductance load can work
normally only by absorbing reactive power, which is decid-
ed by its own nature. Besides, current at AC side of phase-
controlled rectifier, phase-controlled AC power regulatory
circuit and cycle converter is also lagged behind voltage.
They not only consume abundant reactive power but also
generate abundant harmonic current.

In electrical engineering theory, 3 kinds of power are de-
fined for pure sinusoidal AC circuit, namely, active power P,
reactive power Q and apparent power S as follows:

P =UlI cos¢
Q= Ul sing
S=UI

Where, ¢ refers to phase angle of current being lagged
behind voltage. The 3 kinds of power mentioned above sat-
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isfy the following relationship:
§*=p>+ 0 (1)

Active power P indicates average of point of product
of instantaneous voltage and instantaneous current (i.e.
instantaneous power) within a cycle. The physical sig-
nificance of active power is AC average power. Apparent
power S indicates maximum capacity of electrical equip-
ment and it is the product of effective voltage and effective
current. It is used as limit value of power design of electri-
cal equipment in terms of engineering. The rated current
is decided by section area of conductor and copper loss,
while the rated voltage is decided by insulating property.
Reactive power indicates a range of power exchange of cir-
cuit or system containing energy storage element. Power
exchange in single-phase circuit directly appears between
power supply and energy storage equipment (inductance
and capacitance). Three-phase circuit is reflected in the
back and force flow of load with energy storage character
among three phases. The sum of reactive power of three
phases at any instant is identically vanishing [2].

As for non-sinusoidal AC circuit, current and voltage
can go through Fourier decomposition and can be repre-
sented in a series form. Active power and apparent power
can still be represented as follows:

p-Y UL Cosy, @

n=1

s=ul= [Su? 37 (3)

Where, “Un” and “In” indicate fundamental wave and ef-
fective voltage and current of each harmonic wave.

Reactive power of non-sinusoidal circuit containing har-
monic wave is relatively complicated and it has not been
scientifically and authoritatively defined so far. The reac-
tive power of non-sinusoidal circuit can be defined as fol-
lows by referring to pure sinusoidal circuit:

Q=s*-p? (4)
Where, reactive power (Q) only reflects energy flow and
exchange but does not reflect consumption of energy in
load. In the power grid, the wave distortion of voltage is
usually very small, while wave distortion of current can be
very big. Therefore, it is of realistic significance to study the
condition with voltage waveform as sinusoidal wave and
current waveform as non-sinusoidal wave without giving
consideration to voltage distortion. Therefore, each power
can be represented as follows:

P=U/ cosy, O, =U 1 siny,
S*=U’=P+0}+U’Y I} =P’ +0; +D* (5)
n=2
Then, D’ :UZZI: (6)
n=2

Where, reactive power is decomposed to two parts. “Qf”
represents reactive power generated by fundamental cur-
rent, while D represents reactive power generated by har-
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monic current. Therefore, the power factor can be repre-
sented as follows:
/lz%z—ll ng% ZTICOSl,lII =vcosy, (7)
Where, “v = I1/I” refers to fundamental wave factor or
wave distortion factor, and cosé1 is called as fundamental
power factor or displacement factor. It is thus clear that
power factor of non-sinusoidal current circuit not only
depends on phase shift of fundamental current but also
is closely related to wave distortion of current, i.e. size of
harmonic wave. It is equal to product of fundamental dis-
placement factor and wave distortion factor. Therefore, if
harmonic wave is contained in current distortion or cir-
cuit, the reactive power will increase and the power factor
will decline, so as to result in reduction of availability of
electrical capacity of equipment, which is extremely unfa-
vorable for the power distribution network [3].

1

2.2. Influence of Reactive Power and Hazards of Har-
monic Wave

The influence of reactive power on power grid is mainly
reflected in the following aspects:

(1) Increase of equipment capacity: Increase of reactive
power results in increase of current and apparent power so
as to increase capacity of engine, transformer, other elec-
trical equipment and conductor.

(2) Increase losses of equipment and line: Increase of
reactive power results in increase of total current so as to
increase losses of equipment and line.

(3) Increase of voltage drop of line and transformer: Im-
pact reactive power load also leads to violent fluctuation of
voltage and seriously reduce power supply quality.

Hazards of harmonic wave to power grid generally in-
clude the followings:

(1) Harmonic wave causes harmonic loss to elements in
the power grid and therefore reduces efficiency of power
generation, power transmission and power utilization
equipment. When abundant triple-frequency harmonic
flows through neutral line, the line will be overheated and
a fire can even be caused.

(2) Harmonic wage influences normal operation of vari-
ous kinds of electrical equipment. Besides additional loss,
harmonic wave also causes mechanical vibration, noise and
overvoltage to the motor, makes the transformer locally
overheated and leads to aging of insulation and shortening
of service life of capacitor and cable to result in damage.

(3) Harmonic wave causes local parallel resonance and
series resonance in power grid to enlarge harmonic wave.

(4) Harmonic wave causes wrong action of relay protec-
tion and automatic device and leads to inaccuracy of me-
tering of electrical measuring instruments.

(5) Harmonic wave disturbs adjacent communication
system. If the condition is not severe, harmonic wave
would cause noise to lower communication quality; if the
condition is severe, harmonic wave would result in loss of
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information to cause failure of normal operation of com-
munication system [4].

3. Compensation Principles of Harmonic Suppression
and Reactive Power

In order to solve problems of harmonic pollution and low
power factor of power electronic device and other har-
monic sources, there are two basic ideas: One is to install
compensation device to compensate harmonic wave and
reactive power; the other is to improve the power electron-
ic device itself to ensure that it does not generate harmonic
wave or consume reactive power, or the power factor is
controlled as demanded.

The first idea mentioned above is usually used during
current operation process of power system. In other words,
reactive power compensation technology should be imple-
mented. Now, we discuss the second idea. The actual func-
tion of the second idea is to improve level of whole system
and electrical load to further lower internal capacity oc-
cupied by electrical equipment as well as maintain degree
of voltage of power grid so as to improve the entire power
supply quality. The basic principle is very simple and it is
to connect capacitive power equipment and inductive elec-
trical load to realize random conversion of power energy
between two loads, so as to reduce consumption of reac-
tive power in the whole power grid system.

4. Current Application Condition of Reactive Power
Compensation Device

4.1. Historical Development Progress of Reactive
Power Compensation Device

The initial reactive power compensation devices are only
parallel capacitor and synchronously regulated camera.
They usually request centralized compensation control in
part of system most biased to high voltage. Parallel capaci-
tor is currently the most extensively applied device dedi-
cated to reactive power compensation during development
process of power grid. However, due to relative fixation of
capacitance, stepless compensation of reactive power of
power grid system cannot be realized; besides, since the
capacitor has a negative voltage effect, the internal voltage
of power grid system drops more quickly; when harmonic
wave occurs to the whole power grid system, phenomenon
of parallel resonance may take place, so as to enlarge har-
monic wave and result in losses.

If viewed from the perspective of further in-depth re-
search, reactive compensation technology in a station-
ary form is gradually coming into people’s sight. Simply
speaking, this reactive compensation technology refers to
a technology using static switch to implement switching
of capacitor or electric reactor and release or converge
reactive current so as to improve the power factor of the
whole power system in power utilization and finally real-
ize the goal of stability of internal voltage of power grid
system.
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4.2, Development and Current Application Condition
of SVC Device

SVC device mainly includes control of SCR towards elec-
tric reactor (TCR) and switching of SCR towards capacitor
(TSC) as well as combination or the two, or refers to con-
trol of SCR towards TCR and mixed matching and use of a
series of forms like fixed capacitor or mechanical switching
capacitor in the whole power grid system.

4.2.1. Restriction of SCR towards TCR

The firing angle of SCR is usually continuously regulated
and converted from right angle (90°) to flat angle (180°). If
the firing angle is increased, the equivalent admittance of
TCR will increase accordingly, which can reduce effective
compensation of fundamental component of the whole
circuit. The amount of TCR circuit develops and changes
from fixed value amount to zero. In this case, we can adjust
the firing angle to change the actual component of reactive
power absorbed by TCR, so as to realize reactive compen-
sation effect of power grid.

4.2.2, Switching of SCR towards TSC

The actual principle of TSC circuit is a compensation tech-
nology device continuously regulating and absorbing re-
active power. In this circuit, the function of two parallel-
connected SCR devices is only to combine and involve the
capacitor in the power grid or simply disconnect power
grid system. Those small inductance devices serially con-
nected are specifically used to inhibit impact current possi-
bly caused. A key principle of switching is that the moment
when TSC is switched in must be stipulated as the moment
when the system voltage is equal to advance full voltage of
capacitor. It voltage of capacitance equipment jumps and
changes in a ladder-like way, which can possibly cause cur-
rent with extremely strong impact to damage SCR and so
as to cause a series of unfavorable influences.

4.2.3. Harmonic Suppression
Currently, harmonic suppression methods can be classified
into two classes:

(1) Compensation method: Reactive LC filter or active
power filter

(2) Harmonic source reconstruction method: One is
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Figure 1. Harmonic source reconstruction.
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to manage to improve phase number of main harmonic
source, i.e. rectifying device, in power system; the other is
to adopt rectifier with high power factor (Figure 1).

Currently, reactive LC filter is most applied in engineer-
ing, for it features simple structure, less investment, high
reliability and relatively low operation cost.

The principle of harmonic filtering is essentially provi-
sion of a release path for harmonic wave in the circuit (i.e.,
fundamental wave is reserved to short the harmonic wave
so as to make harmonic wave directly flow back through
filter without being injected to the system).

5. Reactive Compensator Based on Variable Reac-
tance Static Form
5.1. Compensation Principle of Static Reactive Com-
pensator Based on Variable Electric Reactor
On the basis of in-depth research on TCR and TSC static
reactive power compensators, a member of organization put
forward a static reactive power compensation device based
on variable reactance in a new subject. It usually comprises
stationary capacitor, variable electric reactor and intelligent
controller. It features serial connection of SCR and TCR
and designing of a variable TCR which mainly comprises
variable reactance converter and power converter of power
electronics technology. Variable TCR can be divided into
primary side and secondary side. The main coil at primary
side is usually parallel-connected to load, while coil at sec-
ondary coil is usually connected and restricted with power
converter of power electronics technology.

The compensator of this technology has the following
obvious advantages:

It can utilize variable TCR to continuously adjust reactance
value so as to realize stepless objective in power consumption;

This technology isolating high voltage and low voltage can
be utilized to lower expectation requirement of system for
electronic equipment when control is imposed on low-volt-
age end, so as to make it convenient to control and save cost
of power system. Reactive structure is adopted for device of
reactive compensation technology. Compared with active
structure, the reactive structure features relatively high op-
eration reliability and relatively low operation cost [5].

5.2. Topological Structure of Static Reactive Compen-
sator Based on Variable TCR

There are mainly two topological structures of static reactive
compensator based on variable TCR at present: Application
of SCR or topological structure if IGBT. If the electrical load
in power grid system is inductance load, speed of current is
lagged behind speed of voltage. Therefore, we have to regu-
late firing angle of SCR so as to reduce resistance of variable
TCR and make it smaller than expected value. At this point,
the resistance of reactive power compensator is acceptable.
However, if it is parallel-connected to electrical load, its in-
ductive reactance performance will be lowered to increase the
power factor. The reactive power factor is relatively small; on
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the contrary, when the electrical load is capacitive load, speed
of current will be ahead of that voltage. Therefore, we have
to regulate conduction angle of SCR to increase resistance of
variable TCR and make it bigger than expected value. At this
point, the resistance of reactive power compensator is induc-
tive. After it is parallel-connected to load, its inductive resis-
tance performance will be increased to make the power factor
smaller and the reactive power reactive bigger. Using IGBT and
diode as power conversion elements and regulating duty cycle
of PWM wave of IGBT trigger pulse, which can change actual
impedance of variable TCR so as to realize dynamic form ob-
jective of reactive compensation of power grid system [6].

6. Conclusions

Rapid development of power electronics technology, suc-
cessive emerging of new materials and new structural de-
vices, and improvement of computer technology provide
vigorous support for actual application of modern control
technology. The researches on application of power elec-
tronics technology in power system become increasingly
extensive and profound, thus enormously supporting and
developing reactive compensation technology of power
system. During realistic applications, we can use this tech-
nology to improve operation rate of whole power distribu-
tion network system and also reduce resources and energy
consumed in the whole power distribution system to a
certain extent, so as to have a favorable energy-saving ef-
fect. In the future, power electronics technology will play
an increasingly important role in improving reliability and
stability of power system.
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