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Abstract: Currently, the high penetration of photovoltaic energy (PV) in the power
system raises many challenges due to the instability of this type of energy. To overcome
this problem, this study analyzes the Power Factor Correction (PFC) control technique
through the existing power grid to support converters integrated with the MPPT
algorithm. Then, an experimental circuit model integrating two control methods will be
fabricated and evaluated under the actual operating conditions. The experimental process
shows that in the case of PFC support, output voltage response is more stable than the
case that only uses the simple MPPT algorithm.
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1. INTRODUCTION

Nowadays, the high penetration of PV has a great influence on the stability during the
operation of power systems due to non-inertial characteristics and the sudden change in power
when the weather is disturbed [1-3]. In order to overcome this disadvantage, the power electronic
converters integrating advanced algorithms to increase the stability of this energy source are
being widely researched and implemented.

With the current penetration of PV into the power system, especially the increase of the PV
rooftop form, research needs to simultaneously ensure two factors, including high power output
and voltage flicker within the allowable range. To improve the power obtained from PV,
converters with integrated maximum power point tracking (MPPT) algorithms have been studied
[4-5]. However, the converter's output voltage will be changed continuously when the MPPT
algorithm detects the maximum point on the P-V curve of the panels. Therefore, battery systems
can be considered connected to the converter's output so that the voltage can be stabilized.
Moreover, the use of the battery system for stabilizing the output voltage of the MPPT converters
is costly due to investment costs and depreciation. The approach uses the converter model
integrating Power Factor Correction (PFC) control technology based on model predictive control
rules including discontinuous conduction mode (DCM), continuous conduction mode (CCM) [6-
8] and aims to improve the stability of the output response by taking advantage of the existing
AC power supply.

This paper proposes a model combining two control methods PFC and MPPT. In which, the
control stage of MPPT is responsible for increasing the power obtained from PV sources while
the PFC stage will take advantage of the available AC power source to support the voltage
stabilization process. Finally, the actual model will be fabricated and experimented in many
different operating conditions to demonstrate the effectiveness of the proposed model.

The paper is organized as follows: The PFC Boost converter is introduced in section 2. In
section 3, the design process of the PFC Boost and MPPT combined model is shown.
Experimental results are given in section 4. Conclusions are summarized in section 5.

2. PFC BOOST CONVERTER

2.1. Averaged model of the PFC Boost Converter

The PFC Boost converter shown in figure 1 [9], the relationship between voltage and current
at both input and output terminals is determined by:
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Where: L is the inductance value of the inductor in the converter; C is the capacitance value

of the capacitor; Vi, and V,, are constant and variable components of the converter input voltage,
respectively; V, and v, are constant and variable components of the converter output voltage,
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respectively; I, and fo are constant and variable components of the converter output current,
respectively; 1. and fL are constant and variable components of the inductor current,

respectively; D is the duty cycle of the converter and D = 1-D; d represents the change in duty
cycle during operation.
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Figure 1. Averaged switching model of PFC Boost.

The PFC control technique is depicted in figure 2. The control system consists of the voltage
control stage which has a slow effect and makes a response in each half of the voltage cycle
(100Hz) and the current control stage which has a fast effect according to the switching cycle of
the converter [10-12]. The current control loop is based on two control rules, one for operation in
DCM and one for operation in CCM, which will be changed based on the corresponding
converter mode.
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Figure 2. General control model of PFC Boost converter.
2.2. Discontinuous conduction mode (DCM)

The difference between the two current control modes is the DC conversion ratio expressed
by the ratio between the input voltage and the output voltage of the converter. In DCM, this ratio

is determined by:
f 4D?
1+,/1+
VoV ko ®)

V. 2

in

4 T. A. Tuan, ..., L. X. Chau, “Enhancing voltage stability ... factor correction technique.”



Nghién ciru khoa hoc cong nghé

Where: K is a constant calculated by the following formula.
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Where: R is the load resistance at the output; T, is the switching frequency of the
semiconductor valve.

Then, the output power P, of the converter is calculated by:
2 2

P, = Vo orR=—= (5)
R (0]
From (3), (4), (5), the duty cycle in DCM is expressed through:
D2 _ 2L « I:)o XVO _Vin (6)
RTs VoVin Vin
With the reference current of the inductor i is given by:
. P
et == 7
ref Vin ( )
The duty cycle of PFC Boost in DCM is rewritten as the following equation:
D= |2 iy et ©®)
Ts VoVin

This is the value applied to the semiconductor valve at the actual switching cycle based on
converter input and output parameters.

2.3. Continuous conduction mode (CCM)
In CCM, the mean value of the inductor voltage V, is calculated by:
LAl
AT
Where: Al is the inductor ripple current; AT is the switching time.

For the desired model, the value V| should be asymptotic to 0. In this way, the ripple current
of the inductor also progressively approaches 0. Therefore, during each switching cycle, the error
of the inductor current also needs to be 0. Thus:

VL= 9)

~
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From (9), (10), and (11), the duty cycle D in this mode is determined by:
V,, L4l
D=1-"4+—
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3. DESIGN OF PFC BOOST AND MPPT COMBINED MODEL

3.1. MPPT and PFC Boost combined model

The operation of PV depends on solar radiation and temperature on the surface of the PV
panel, leading to unstable power flow and output voltage on the load. With MPPT only, the
power can be enhanced, but the output voltage is always fluctuated due to continuously detecting
the maximum power point. Combining PFC Boost circuit and MPPT circuit will be able to
ensure stable output voltage while ensuring high power flow for PV.
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With this combined model, the power supplied to the consumption load consists of two
sources, from the AC grid and the PV system. When the PV power is smaller than the load
demand, the grid is involved in the compensation process to ensure power stability. The block
diagram of the model is shown in figure 3.

+ a DC LOAD
Boost DC/DC R =152.1 Ohm
Converter P = 1000W
= U=390VDC
PFC Boost 220V
Converter AC Source
Upvpv MosFetDriver

MosFetDriver Vin, lin

PV
P_peak=1000W

Micro Controler Micro Controler
STM32F103C8T6 STM32F103C8T6
MPPT Program Control PFC

Figure 3. Block diagram of the combined model.
3.2. Experimental circuit model

The experimental circuit shown in figure 4 is designed and installed based on the diagram
described in figure 3. Two circuits of PFC Boost Converter and MPPT Converter will be
connected at the output of each converter and through a protection device before supplying to the
load. Input power of PFC Boost converter will be connected in series with AC grid 220V - 50Hz,
while input source of MPPT converter is supplied by PV system with a capacity of 1000Wp.
From this circuit model, experiments under real operating conditions will be conducted in order
to show the benefits of the combined model.

Figure 4. Combined PFC Boost and MPPT experimental circuit.

4. EXPERIMENTAL RESULTS

4.1. MPPT converter model

First, the experimental model without PFC Boost converter (only MPPT converter) has been
measured in actual conditions. The collected data are retrieved through the Lab Volt
measurement system.

Figure 5 shows the results in two different cases of input values and waveform of the voltage
and current. Furthermore, detailed measured values of the apparent power S and the active power
P of the converter are also observed. In both cases, the results in figure 5 show that there is a
large difference in phase angle between the current and voltage waveform responses. The power
factor in the two cases is 0.6416 and 0.6865, respectively.
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Figure 5. Experimental results without PFC Boost Converter.
4.2. MPPT and PFC Boost combined model

In order to improve power factor as well as power quality, the model of combining PFC
Boost converter with MPPT converter was experimentally designed to show the effectiveness of
the proposed solution. Experimental results in this case and in Section 4.1 were carried out under

the same input conditions to ensure accuracy. The results of the proposed solution are shown in
figure 6.
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Figure 6. Experimental results of the combined model.
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It can be seen that, when using the combined model, there is a significant change compared to
the results in section 4.1. The current waveform gradually has a shape that is asymptotic to the
voltage waveform as well as the phase deviation decreases as the output power increases. This
effectively improves output power, which stabilizes responses, with the participation of the PFC
Boost converter. More specifically, the power factors in the three cases observed in figure 6 are
0.9 and 0.92, respectively.

The output voltage response of the combined model is presented in figure 7. Unlike the pure
MPPT converter, the integration of the PFC stage helps to keep the voltage on the load stable and
close to the set value. With actual results, when the power of the PV system fluctuates, the output
voltage on the load Vout remains stable at + 1.5% compared to the nominal voltage.
Furthermore, losses in the system can be reduced by improving the power factor
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Figure 7. The output voltage of the combined model.
5. CONCLUSIONS

The PFC Boost converter combined with MPPT converter model shows remarkable
performance in increasing power factor, ensuring power quality and stability. Moreover, this
model can take advantage of existing AC power sources to replace the battery system in the task
of keeping the output voltage stable, thereby reducing the investment cost of installing PV
systems and electronic waste from the old battery.

However, despite the high investment costs of the battery system, it is more convenient to use
as a power supply for consumption load. Using the battery system can store energy from the PV
system when the power consumption of the load is low and provide power for the load when
needed at times of the day. Therefore, it is necessary to have research to optimize the technical-
economic criteria with the proposed model together with the energy storage system to come up
with a comprehensive solution for PV systems.
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TOM TAT

CAI THIEN ON DINH PIEN AP CUA BQ CHUYEN POI NANG MAT TROI
BANG KY THUAT DIEU KHIEN HE SO CONG SUAT

Ngay nay, sw xdm nhdp cao cua nguon nang lwong mdt troi hién nay khién cho hé

théng dién phai doi mat voi nhiéu thach thirc do sw mat én dinh cia logi hinh nang luong
nay. Bé cé thé khic phuc dwoc nhwoc diém nay, nghién citu nay két hop ky thudt diéu
khién Power Factor Correction (PFC) thong qua nguon dién ledi cé san dé hé tro cac bo
chuyén doi ¢ tich hop thudt toan MPPT. Két qua nghién civu dwoc chitng minh bang cdch
ché tao mé hinh mach thiec té tich hop hai phwong phap diéu khién va déanh gid trong diéu
kién hoat dong cu thé. Qud trinh thuc nghiém cho thdy trong trieong hop cé si ho tro ciia
ky thudt PFC thi dap tmg dién ap dau ra c6 do on dinh cao hon so véi trwong hop khéng
¢ su hé tro ciia ky thudt PFC.

Tir khoa: Bo chuyén déi tang ap; DC/DC; MPPT; PFC; PV.

Received 20" June 2021
Revised 21" July 2021
Accepted 27" July 2021

Author affiliations:

The University of Danang — Danang University of Science and Technology, Vietnam;
Naval Academic, Vietnam.
*Corresponding author: dmquan@dut.udn.vn.

Tap chi Nghién citu KH&CN qudn su, S6 74, 8 - 2021


https://www.frontiersin.org/articles/10.3389/fenrg.2020.00014/full
https://www.frontiersin.org/articles/10.3389/fenrg.2020.00014/full

