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Abstract

A comprehensive compensation device with paralleled decoupling for suppsessings
harmonics current, reactive power, and DC Bias of power transformer is K@ﬁ
Harmonics current and reactive current are detected by instantaneous reactive” power
theory. In this way, the fundamental active power is converted to be compensat€d reactive
power and harmonics by controlling the converter. Comparéd to the AS th IGBT,
the capacity and withstanding voltage level of ASVG witr& re imp . The voltage
across the devices of APF with multi-level inver% ed bec the paralleled

decoupling connection. The harmonics compensa ith mult inverter can also
reduce the voltage across the devices effectively. T€ reactive er compensator can
work as a controllable rectifier and output rollable ent by changing control
algorithm. This current injects neutral poi ransform@g d suppresses its DC Bias,

which has obvious effect on a power tr er. As rt of intelligent power grid, this

compensator plays an important role@e dev of smart grid automation.
Keywords: Parallel deco%,@rmomc@aﬂive power, Multi-level inverter

1. Introduction @ 5\\0

The components ctive power and harmonics current in power grid increase
greatly because g pow ctronic converters and other non-linear loads in recent

years. At the.same time, the trangmission of AC with DC results in serious effects on the
power trarie _inc
O

DC bias. They also affect the quality of electric energy,
igher voltage levels, which threatens the safe running of the
UHV transmission [1,2]. In order to transmit higher quality power, a
comprehensive sator is given to suppress the reactive power compensation,
harmonic compénsSation and DC bias.

Theh nic tomponents inside the power network lead to increase the additional loss
and deca%he transmission efficiency. They can cause local overheat and increase
vibrati @ise of transformer, which causes the pulsating torque of the motor and affect
Q al operation of relay protection device and electric meter, even interfere with the

e

especially e highe

unication system[3].
active power in the power network not only increase the reactive power losses that
drop the voltage of users, its mutation can also impact on the network and make the
network unstable. The excitation current distortion caused by DC bias magnetic
transformer makes the core supersaturated. It produces amount of harmonic and reactive
power, so as to increase the vibration of the transformer noise and cause local
overheating. As a result, it can shorten the life of transformer, even damages it [4,5].
The analysis above shows that the harmonic, reactive power and DC bias influence
each others. DC magnetic bias of transformer produces a series of harmonics and reactive
power, while the harmonic and the reactive power increase the vibration of the
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transformer and loss, which weaken the bear ability of DC bias further. It is necessary to
solute this problem by taking the three parameters as a whole.

The device consists of two parts: an inverter for reactive power compensation and DC
bias suppression and a multistage inverter for the harmonic compensation[6]. Considering
the higher required power of reactive power compensation and DC bias power inhibition
as well as the lower switching frequency, the inverter circuit with Gate Turn-Off
Thyristor (GTO) as switching device is taken as the main circuit for reactive power
compensation and DC bias suppression device. Because of the higher withstand voltage of
power grid, the paralleled decoupling and multistage inverter structure are used to
overcome the lower withstand voltage of active power filter composed by Insulated Gate
Bipolar Transistor (IGBT). The comprehensive compensation device proposed in this
paper can operate safely in the UHV power grid. It guarantees the harmonic compensation
in limited withstand voltage level of switch devices. It improves the capacity of reactive
power compensator also and makes sure to inhibit the transformer DC bias. .

The comprehensive compensation device for harmonic governance, reactr?‘buér

compensation and DC bias suppression is verified by simulation in this pa ared
with IGBT inverter, the inverter with GTO increases the capacity of dQve system
significantly. It can inhibit the DC bias of transformer ve'ly as ghe e ve power
compensator under controllable rectifier condition. Th tc mg dev ns stably in
higher voltage by using paralleled decoupling conneeti nd tage inverter to
make the active filter with IGBT. \/

2. Topological Structure Q 9
Assuming the grid voltage is ideal u é@d volta@
u, (H)=U_sin s\\ 1)

The load current i, can b% sed thr. Fourier transformation as following:

i ()= lsm(@o )+Zlnsm®n)
QS(/J1+I coﬁ*n ¢1+ilnsin(nwt+(pﬂ) )

)+-1q (t)+.th

Where i@s the f ental component of active current, which forms the ideal
current waveform. i e fundamental component of reactive current, which will be
compensated by t ive power compensation device. ix(t) is the harmonic component,
which will be @vsated by the active filter constructed with three multistage inverters
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Figure 1. Schematic of Comprehensive Compensation Device

The schematic of the comprehensive compensation device is shown in Figure 1.
Paralleled decoupling is used in the grid connection because both ends of the inverter are
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connected with the outputs of reactor in the reactive power compensation device, which
reduces the terminal voltage of the active filter effectively. The three-phase active filter is
constructed by three same single-phase multistage inverters, each structure of them is
shown in Figure 2.

Figure 2. Configuration Diagram of Multi-Stage Inverter ?\/

It is shown in Figure 2 that the voltage is distributed av .to eachrs &evices
by multistage IGBT. The whole voltage level is |mprov eV|ce e used in
UHYV power grid for harmonic compensation.

w;

Figure 3. DeV|ce cture active and DC Bias Compensation

The reactive p nd C ﬁ%ompensation device is composed of three-phase
bridge inverter. t as sh Figure 3. Sensors combing with control chips

determme in re r state for DC bias compensation or work in inverter
state for reactive powé ensation.

3. Mathemati del

The schematig,of the compensator is shown in Figure 4. Its equivalent circuit is shown
in Figure

&
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Figure 4. Overall Topology of the Compensation De\@E
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@Figure @lvalent Circuit

In Figure 4, th Qnd IG e equivalent to ideal switches, the switching losses
are equivalent ' nd R, in Figure 5. Ignoring the loss of IGBT, it can be

taken as a itch. :@2 constant and e, ey, €. are the grid voltages. The
resistance ductanege he transmission line are expressed respectively by R and
L[8]. Take th& neutral oMt of grid voltage as reference voltage. The voltage across the
active filter is the V(‘@e across R" and L'. According to the Kirchhoff’s voltage law, the
instantaneous volfage €quation is obtained:

uA=RiA+L(jj—|:+uR.L,A
OF it @
O s
@ Uc = Ri. + L%°+UR.L.C

The switching function Sa. Sg and S are:
s - {1 the up branch on and the down branch off )
“ 10 the up branch off and the down branch on
Taking phase A as an example, the states of switches corresponding respectively to the
following: Si1, S14, S15, S1g 0n and Sy, S13, S16, S17 OFf express the up branch on and the
down branch off; the up branch off and the down branch on in contrast.
K =A, B, C, in equation (4). The output phase voltage equation of the active filter is:
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Uy =Uyg HUgy =Uyg +S,Ug
Ug = Uy +Ugy = Uy + gl )
Uc =Uyo +Ugy = Uy +ScUq
Because of the symmetrical of three-phase, we have
{iA+iB+ic=O ©)
U, +Ug+U. =0
According to the three formulas above, we have
Upo =—%(SA+SB +S. Uy, (7

Uy = (ZSA _SB _Sc )udc

Ug = (=S, +2S; —S.)uy,

Uc :(_SA_SB +25C)udc V
The mathematical model of multilevel inverter is obtained: 0?*

gy _ 25 1s Lsyu, —(Zs,mts, ot 33y =Ry +R'i,

dt T3Th 3T g 3743
CB 2, 141 2.,1..,1
L2 = (58, S5 5ol (35B 3sA 3500, ?% @
cc 2 1g 1 2 . 1 V
L ( Se=3% 3 SuUq ( -3° 'i
Similarly, the mathematlcal model of reactlve p compen S:

L g dICA (7 = Q, e

L% % é ea (10)
s\\\
The mathematical model C@e pow pensator for DC bias compensation is:
L9k _ _Ri, +®d Uy
. _ (11)

Any control
needs a type o
paper, S
control
sho

based on high frequency switching signal and power electronics
dulation. Traditional methods are PWM, SPWM, etc.[9][10]. In this
M modulation based on voltage space vector is used for the APF and the
ithm of DC bias compensation devices. According to the equivalent circuit
gure 5 and formula (8), the multistage inverter has eight kinds of output state,
in Table 1.

Table 1. Relationship of Switch State and APF’s Output Phase Voltage

S u \
Up Uc

abc a k

0 V
00 0 0 0 .

1 2 - - V
00 13 1/3 1/3 1

1 1 1/ - V
10 13 3 2/3 2
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0 - 2 - Vv
10 13 3 13 .
0 - 1/ 1/ Vv
11 23 3 3 .
0 - - 2/ v
0. 13 13 3 5
1 1 - 1/ Vv
0. /3 2/3 3 6
1 Vv
1 0 0 0 7

APF output voltage vectors corresponding to switch mode are obtained from Table 1

as follow:
EUeWW”wzrum '
V, =43 " S%‘s)
0 (k =0,7) <2>

A/ space area

(a) Voltage ve %grarrs%r
s

Sec tition

Eight switch states corresponding t \F output voltage vector are in the area of a
hexagon. The area is d|v into six etrlcal triangles, as shown in Figure 6 (a). In

order to reduce t of dis@riminating the positive and negative polarity of Ai,
Aip andAi;, Al spac |s d| six triangle area, noted as (13(6) hysteresis width
is I, as sho re 6(b).

The reI bet e PF three-phase branches and switch signal can be seen

from (12). Te=efiminate uence among the phases, the space vectors are introduced,
namely static o — onal coordinate system. When axis « overlap in axis S, the

transformation r ip between the two coordinate systems is follow:
f=f,+jf,

. . (13)
% zg(fa + fb ejZ;z/3+ fc ej47r/3)
is current or voltage. By formula (13), the voltage vector equation of the
(]

ﬁ’o dge inverter is:

u=Ldi,/dt+Ri, +ug.,.
When the output current is instruction current vector i., we have:
u”=Ldi, /dt+Ri +Ug,. (15)

u”in (15) is the output reference voltage vector of APF corresponding with instruction
current vector i.. Define

(14)

Ai=i; —i, (16)
Subtracting (14) from (15) and ignoring the APF AC side resistance, there is
LdAi/dt=u"—u (17)
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Formula (17) shows that the change rate of current error vector Aiis dependent on the
deference between reference voltage vector u” and voltage deviation of APF output
voltage vector u. For a given reference voltage vector u’, APF output voltage vector
vitamin V,(k=0,...,7) can be chosen appropriately to control the rate dAi/dt of the current
error vector A, so that control the current error vectorAi.

5. Simulation Results Analysis

The topology structure and mathematical model above are simulated by Simulink. The
compensation ability on reactive power, harmonic and transformer DC bias by this device
is analyzed. The simulation results are shown in Figure 7, including the distribution
network, transmission line, and various nonlinear load detection, conversion device. The
APF uses DC to AC conversion circuit. The IGBT in the inverter on or off, the
modulation mode of control system based on voltage space vector SVPWM and the,
control strategy of instantaneous reactive power of non harmonic current detectj

control system are controlled by six channel control signals. Power Syste of
simulink provides the measurement unit, transformer, rectifier and load in 7. The
main transformation module, flux torque observation selection

module are built according to the principle of self-built ¢

‘II_’»_",

— A phase current fundamental wave

- t/s
O —— A phase current

@ Figure 8. Phase a Current Fundamental and Harmonic Compared

The phase A grid current and phase A current with harmonics are shown in Figure 8.
APF is the plot of instruction current and tracking current in Figure 9. The phase A
current of before and after APF compensation is shown in Figure 10. It shows that the
compensation effect is obviously. It can be seen from Figure 11 that the 5, 7 and 11
harmonic components decrease significantly after compensation. The harmonic
components of transformer excitation current are also reduced obviously after the DC bias
compensation, as shown in Figure 12.
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Figure 9. APF Instruction Current and Tracking Current
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Figure 11. Phase a Current Spectrum Analysis

6. Conclusioq\ \Q

From thy is a v@d contracting the APF with multistage inverter to ordinary
three-phase Brifige circ cture, we can know that the former has higher withstanding
voltage levels and capacity. Combining reactive power compensation device
constructed by ith APF constructed by IGBT relieve the inadequate capacity

greatly of the in reactive power compensation. The simulation results show that this
device h%elgoo properties on reactive power compensation, harmonic governance and

DC bias ssion in UHV power grid.
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