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The paper presents an active voltage compensator (AVC) to prevent voltage fluctuations on the load in both
voltage’s rise and fall directions. This AVC is designed based on modeling a three-phase four-branch inverter
according to the large-signal average model and the small-signal model—calculation and design of d-q chan-
nel controller and 0 channel controller by the frequency-domain method. This AVC significantly reduces
production interruptions while protecting equipment life reduction. The theory results are proven through
MATLAB/Simulink simulation.
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1. Introduction

During the operation of power plants, short-term voltage
fluctuations often appear on the grid [1, 2]. This phe-
nomenon is usually caused by reasons such as switching
off the compensating capacitor system on the transmis-
sion line [3, 4], and [5], or the operation of nonlinear solid
loads (typically electrical smelting systems) [6]. Short-term
voltage fluctuations usually include a voltage drop of less
than 500ms, after which the voltage will recover, but this
recovery will always exceed the rated value,e, and the volt-
age will fluctuate before stabilizing again [7]. Overcoming
these short-term voltage fluctuations often requires syn-
chronous implementation of load management measures
and installation on the transmission system of electronic
power compensation and filtering devices [8]. Accordingly,
the loads that generate many current harmonics will not be
eligible to connect to the power grid, and the causes caused
by the transmission system itself will be suppressed by
electronic compensating and filtering devices. However, at
present and shortly, the power grid has not overcome this

problem [9]. Currently, there are many technical solutions
to prevent short-term voltage fluctuations, such as active
filtering, uninterruptible power supply (UPS), voltage drop
protection (Sag Fighter), and dynamic voltage compensator
(AVC).

According to the document [10], active filtering will fil-
ter the current harmonics caused by nonlinear loads. In
addition to screening for sinusoidal currents, active filters
also can balance phases in case of out-of-phase loads, thus
potentially increasing the energy efficiency of the system. It
can only filter the harmonics generated by loads of the cur-
rent system but cannot filter the harmonics caused by other
loads outside the grid. Besides, the uninterruptible power
supply (UPS) will power the essential loads not directly
from the grid but the semiconductor inverter. Therefore,
it can be said that the voltage quality entirely depends on
the power supply and voltage quality generated by the
UPS. The induced voltage of the UPS is isolated from the
mains voltage by an intermediate direct current (DC) cir-
cuit with a battery array connected to it, so the effects of
mains voltage variation are automatically compensated by
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this battery system. Therefore, the voltage supplied to the
load will altogether avoid the impact of grid voltage varia-
tion, even if the mains power is completely lost, the UPS
can still maintain the voltage supplied to the load from a
few minutes to several hours ten minutes depending on
the capacity of the batteries [11, 12], and [13].

Based on [14], due to voltage sags, the UST SagFighter
TM guards against expensive production halts and man-
ufacturing mistakes. All continuous manufacturing pro-
cesses and other power-critical applications are provided
with essential protection, which may be tailored to satisfy
engineering requirements. SagFighter’s operational and
thermal management expenses are reduced compared to a
similar UPS, thanks to its real efficiency of more than 99%.
However, maintaining the UPS is costly. It may have a real
operational efficiency of less than 95% at absolute input
voltage and current draw.

In addition, the active voltage compensator (AVC) is
an improvement of the surge suppressor both in terms of
the power circuit and control technique shown in Figure 1.
This unit is used with controlled active rectification with
converters using IGBT. Energy is transferred in both direc-
tions, thus enabling load protection against mains voltage
variations in both rising and falling demands. Applying
new control techniques also allows the AVCs to perform
better than the surge suppressors. In particular, it is per-
mitted to compensate when the grid voltage is below 10%
of the rated voltage (keep 60% of the voltage) when the
2-phase voltage drops and to 40% when the voltage drops
evenly in all three phases (save 70% voltage). The online
operation of the AVC also allows its response to be faster
and keeps the voltage across the load virtually unchanged
[14, 15], and [16].

Thereby finding that the active filter has the best per-
formance characteristics in the voltage compensation so-
lutions mentioned above, the thesis chooses the answer
using the dynamic voltage compensator (AVC) [17]. The
AVC will prevent voltage fluctuations on the load in both
voltage’s rise and fall directions, thus ensuring a significant
reduction in production interruptions and protecting equip-
ment from shortening its life. Furthermore, the breakdown
statistics and capabilities of the AVC unit show that up to
96% reduction in disruption due to voltage fluctuations can
be achieved. The AVC active voltage compensator struc-
ture consists of a rectifier, an inverter, and an LCL filter. In
which a 3-phase diode bridge rectifier is selected to gener-
ate a voltage on the DC bus, an inverter with a three-phase
four-branch inverter structure [18, 19], and [20].

This paper will be presented in 5 parts. Section 1 pro-
vides a general introduction to the field of research on

methods of anti-voltage dynamics. Part 2 will introduce
the vector modulation algorithm. Then, part 3 designs a
voltage controller in the frequency domain. The following
section will give simulation results. Finally, evaluate the
results obtained in the concluding paragraph.

2. Modeling a three-phase four-branch inverter

2.1. Big signal averaging model

For the sake of modeling, assume that the semiconductor
valves are ideally locked. 1 - on, 0 - off. At this time, there
is a switch lock diagram as follows:

Fig. 1. Location of the KVMRT project

The model in the dq0 coordinate system is as follows:

d
dt

 Id
Iq
I0

 = VgG

 dd
dq
d0

+ G

 Vd
Vq
V0

+ ω

 Id
−Iq

0


G =

 1
L 0 0
0 1

L 0
0 0 1

L+3Ln


(1)

Where: da, db, and dc are the modulation ratio of the valve
branches. Id, Ig, and I0 are currents in coordinates dq 0
Vd, Vq, and V0 are voltages in coordinates dq 0 L, Ln is
Inductance ; nth inductance G is system matrix

2.2. Small signal pattern

For zero derivative variables (Ẋ = 0) we find the steady-
state values of the signals: Dd
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Where: Vln _pk : is eactive voltage; C is capacitor; Lineariza-
tion around the equilibrium working point with small fluc-
tuations: x = x̂ + X from which a small signal model AC
will be obtained.
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3. Designing a voltage controller in the frequency
domain

From the AC small-signal model (Figure 3), if the interleav-
ing component is omitted, the AC small-signal model can
be considered as three DC - DC buck converters. Therefore,
it is possible to apply the controller design for the DC - DC
buck converter. The structure of the lead-lag compensator
has the following form:

Gc(s) = Kc

(
1 + s

ωz

)
(

1 + s
ωp

) (
1 +

ωL
s

)
(3)

In there, ωz and ωp is determined by the following for-
mula for determining the zero and pole frequencies of the
compensator and ωL will be select by fc

20 . fz = fc

√
1−sin θ
1+sin θ

fp = fc

√
1+sin θ
1−sin θ

(4)

3.1. Calculation of channel controller d-q

As stated above, the paper will choose the phase and fL
margin of 55◦ and fc

20 , respectively. Based on the calculated
parameters, give the bode graph of the transfer function
Gqd(s) as follows:

Fig. 2. Bode graph of transfer function Gqd(s).

Figure 2 shows that the phase reserve is currently only,
and the cutoff frequency is approximately 95kHz. From
there, design the controller so that the phase reserve is
increased. With θPM = 55◦ and the transfer function phase
reserve is θDT = 0.00152◦ so the controller phase will be
substituting numbers into Eq. (4) will get the frequency:{

fz = 3.1533kHz
fp = 31.713kHz

Kc will be calculated according to the following formula:
1

mag1 ·mag2
( Where mag1 and mag2 are the phase reserve of

the object, the controller and calculated through the MAT-
LAB function will be mentioned in the appendix). Accord-
ing to calculation Kc = 0.1392.

Bode graph of the object after having the controller:

Fig. 3. Bode plot after having the controller of the d − q.

We see that the phase reserve achieved is 52.10 (meeting
design requirements). Therefor, the paper will use the
above controller for simulation.

3.2. Channel controller calculation 0

Following is the bode plot of the transfer function G0(s):

Fig. 4. Bode graph of transfer function Go(s) without
controller.

From the graph, it can be seen that the phase reserve
has and the cutoff frequency is 47 kHz. Next will increase
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the phase reserve thanks to the controller, obtaining: fz = 3.1532kHz
fz = 31.714kHz

Kc = 0.5584

Fig. 5. Channel 0 object transfer function after having
controller.

The achieved phase reserve is 52.1◦ (meeting design
requirements). So will use the above controller to simulate.

4. Simulation results

This paper uses MATLAB/Simulink to simulate a 3-phase
voltage compensation system using a 3-phase 4-branch
inverter structure. Build a voltage compensator simulation
model with:

• Rated load capacity 10KVA

• 3-phase voltage source rated voltage 311V, frequency
50Hz

• Load RL, Diode

• THD output voltage < 3% (for balanced loads), < 5%
(for nonlinear and unbalanced loads)

• Ability to compensate when 3-phase voltage depres-
sion occurs to 70%: >90%

• Ability to compensate when 1-phase voltage depres-
sion occurs to 50%: >90%

• Ability to compensate when voltage convex in 1 phase
at 115%: 100%

The controller structure is shown in Figure 6:

Fig. 6. Controller structure.

4.1. Case of voltage sag

Assume that the voltage across phase A drops by 100V,
phase B drops by 100V, and phase C drops by 50V

4.1.1. In case of resistive load R = 100R balanced

Fig. 7. Grid voltage on the coordinate system dq0.

With resistive load, when voltage variation occurs, dq0
components will fluctuate. With impact compensation,
components dq0 return to 1-way value with component
d equal to the rated voltage value and all components q
equal to 0.

Compensator performance is good, with voltage varia-
tions in 1-phase to 3-phase drops. The value of the voltage
after compensation satisfies the requirements outlined in
amplitude and frequency.

4.1.2. In case of nonlinear load (diode bridge)

For nonlinear loads, the ratio of the high-order harmonics is
high, so the offset voltage signals on the dq0 coordinate sys-
tem cannot reach the desired 1-way value. The controller
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Fig. 8. The following load voltage is compensated on the
dq0 coordinate system.

Fig. 9. Signal behind controller.

Fig. 10. DC Bus voltage.

Fig. 11. Mains voltage and voltage after a 1-phase voltage
drop compensator.

Fig. 12. Mains voltage and voltage after the compensator
for a 2-phase voltage drop.

Fig. 13. Mains voltage and voltage after the compensator
for a 3-phase voltage drop.

oscillation signal is not stable.
Due to the high-power harmonics present, the voltage

compensation of the system is not working well. As a result,
voltage peak distortion occurs but still ensures amplitude
and frequency for the voltage.

4.2. Case of voltage swell

4.2.1. In case of resistive load R = 100R balanced

In case of sudden 1-phase overvoltage, the system still
ensures the output voltage balance reaches the desired
value.

4.2.2. In case of nonlinear load (diode bridge)

5. Conclusions

The paper is designed successfully for voltage compen-
sators using a 3-phase 4-branch inverted structure, used in
electrical systems or experiencing voltage instability prob-
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Fig. 14. Drop The following load voltage is compensated
on the dq0 coordinate system.

Fig. 15. Signal behind controller.

lems. In this AVC design, the system meets failure detection
speed and troubleshooting time requirements on the sys-
tem’s transmission lines. This system reduces short-term
voltage fluctuations often appear on the grid during the
operation of power plants. The results of this theoretical
study are proven by MATLAB simulation. The experiment
results will be done in the future to complete the research.

Fig. 16. The mains voltage and the voltage after the
compensator in the case of a 1-phase drop.

Fig. 17. The mains voltage and the voltage behind the
compensator in the case of a 2-phase voltage drop.

Fig. 18. The mains voltage and the voltage behind the
compensator in the case of a 3-phase voltage drop.

Fig. 19. Signal behind controller.
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Fig. 20. Mains voltage and voltage after the 1-phase
overvoltage compensator.

Fig. 21. Signal behind controller.

Fig. 22. The mains voltage and the voltage behind the
compensator in the case of a 1-phase overvoltage.
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