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MPPT Controller.

1. Introduction

Facing the increasing demand for 3-phase electricity in the areas that far from the mainland, it can
be obviously seen that a 3-phase DC-AC voltage converter from a solar panel system is necessary. There
are some techniques that combine the various methods such as finding the maximum power point of a
solar panel (MPP) and phase shift voltage modulation techniques will contribute to the maximum
capacity and efficiency of the system.

The previous DC-AC converters were usually single phase or 3 phases with small capacity and they
were studied based on the maximum power point tracking (MPPT) method with P&O algorithm
combined with a converter DC-DC is simple to regulate DC power, but the system performance is not
optimal [1]. Therefore, an improved algorithm of the P&O algorithm has been designed [2] and
combined with a DC-DC booster circuit based on the 4-phase Interleaved Boost Converter method in
the aim of improving DC power and efficiency [3]. As for the DC-AC inverter, it uses a 3-phase sine
wave phase shift control strategy to generate the sine-PWM (SPWM) to convert energy from DC to 3-
phase AC, which is an easy pulse width modulation method implemented and is being studied and
applied widely [4].

2. Theoretical Background

As shown in Figure 1, a 3-phase DC-AC converter is a combination of two DC-DC and DC-AC
power converters, along with two programmable operation controllers.

The DC voltage output from the solar panel system will be directly connected to the DC-DC booster
circuit; after the DC booster process, the energy source will directly supply power to the 3-phase inverter
circuit in order to generate 3-phase AC voltage. The feedback voltage and current values at each
conversion stage will be sent to the central processor to convert into modulation ratios. These modulation
ratios are compared with the current and voltage reference values, and are regulated through the PI

JTE, Issue 71A, August 2022 8


https://jte.hcmute.edu.vn/index.php/jte/index
mailto:jte@hcmute.edu.vn
mailto:1980606@student.hcmute.edu.vn
https://doi.org/10.54644/jte.71A.2022.1044
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

JT E JOURNAL OF TECHNICAL EDUCATION SCIENCE
Ho Chi Minh City University of Technology and Education
HCMUTE Website: https://jte.hcmute.edu.vn/

ISSN: 2615-9740 Email: jte@hcmute.edu.vn

control algorithm to generate the PWM and SPWM signals. Finally, these PWM and SPWM signals
will be fed to the DC-DC and DC-AC power circuits.
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Figure 1. The overall design schematic of DC-AC three-phase converter.

2.1. The MPPT Method With M-P&O Algorithm

In the solar system, the DC/DC converter is tightly connected to the MPPT circuit. MPPT circuit
consists of a DC/DC converter to adjust the input voltage taken from the solar cell, then convert and
provide the maximum power for the load or the inverter.

DC-DC Boost LOAD or
Conwerter INVERTER

PV
Amay

¥
‘ Ipv Duty
1

Vpv
MPPT
Controller PI Controller
(M-P&0)

=

Figure 2. Block diagram of MPPT-based PI controller.

In this proposed scheme, the Modified-Perturb and Observer algorithm (M-P&O) is used to stabilize
the input power threshold for the system. The M-P&O algorithm will operate as a “Latch” of the input
power changing detection which will decide the value of the DC voltage reference for the boost
converter that need to change or not. This is an improved algorithm from the basic P&O method with
two improvements that are:[2]

e The new reference value index will be updated every 5 scan cycles of the system.

e When the power is increased or decreased by a value below the epsilon threshold ¢ (where ¢ is
considered a small positive real number), the new reference value index will remain at its value,
these additions can minimize fluctuations in the output power, as well as improved performance.

Figure 3. The flowchart of M-P&O algorithm.
2.2. Four-phase Interleaved Boost Converter
The design circuit of the four-phase interleaved boost converter has been shown as Figure 4 [5].
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Figure 4. Circuit of 4-phase interleaved boost converter (4-phase IBC).

Pl

The circuit of ffour-phase interleaved boost converter is created by the parallel integration of 4 single
boost converters, where each boost conversion consists of fast switching diodes D1, D2, D3, D4, power
semiconductor S1, S2, S3, S4, and inductors L1, L2, L3, L4; they will be connected to a filter capacitor
C and load R.

The gate pulses for the four-phase interleaved boost converter are phase shifted according to the
following formula [5][6].

0= 360
TN
Where: N is the number of phases chosen for the boost converter.

The DC-DC four-phase interleaved boost structure takes advantage of expanding the power range of
the converter. On the other hand, the phase shift pulse width modulation will help reduce the input
current ripple, thus improving the quality of the boost circuit. The method to generate PWM signal for
DC-DC booster circuit is shown in Figure 5.

@)

Figure 5. PWM signal for DC-DC booster circuit
The equation of duty cycle design for switching can be designed based on equation (2) [5][6].

V.
D=1--1

@

out
Where:
e Vo is the output voltage of the converter.
e Vi, is the input voltage of the converter.

e D is the duty cycle of operation.

The boost inductors L= L1 = L2 = L3 = L4 are calculated based on the switching frequency fs, input
and output voltages, Vin and Vou and the inductor current ripple Al [6].

Vin X (Vout — Vin)

3
Al X fo X Vour )
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The output capacitor is calculated [6].
Vout XD
C > out (4)
R X AVyye X fs
Where:
AV is the output voltage ripple.

The effect of the input current ripple relevant to the number of parallel branches in the boost circuit
can be illustrated in Figure 6 [7].
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Figure 6. Voltage ripple corresponding to the number of parallel branches of boost circuits.
2.3. Three-phase Inverter Based on SPWM

A three-phase SPWM inverter is controlled by three sinusoidal modulating signals which displaced
from each other by 120° are compared with a triangular carrier waveform of suitably high frequency.
The basic three-phase inverter circuit consists of 6 switches as shown in Figure 7.
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Figure 7. The main circuit of three-phase inverter.
Let m, is the modulation ratio of the 3-phase inverter, we have:

my = V,ref

V. (5)
Where:
e Vc is the carrier amplitude with high frequency.
e V_ref is the reference or sine wave of the modulated signal.
The value of the fundamental of this voltage varies linearly with the depth of modulation m,.
Voo = mg. 20 (©)
Where:
®  Vaqis the measured line-neutral voltage.
e Vdc is the voltage from the DC source.
The value of the fundamental line-line voltage is:
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Vg =mg. > de ]

Where: Va.g is the measured line-to-line voltage.
The production of switching signals by sinusoidal PWM is shown in Figure 2. There are three

sinusoidal reference waves (V reta, V_refs, V_reic) €ach shifted by 120°. The carrier wave Vc is compared
to the corresponding reference signal to produce the switching signals of a phase [8].

V refa = Mg.sin(wt + 00)

V rerg = Mg.sin(ot + 120°) ®)

V refc = Mg.sin(ot + 240°)

The SPWM result signal for three-phase are shown in Figure 8 for the inverter.
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Figure 8. Sinusoidal PWM for three-phase inverter.
3. Designing of DC-AC 3-phase Converter Circuit
3.1. Designing & Simulation of Solar Photovoltaic (SPV)

The solar panels used in the system are Jinko solar cells with product code JKM540M-72HL4-V-
STC with parameters in Table 1.

Table 1. Parameters of SPV

Parameters Ratings
Maximum power point current 13.17 (A)
Maximum power point voltage 41.1(V)
Parallel Resistance 1000 (Q)
Series Resistance 0.0167 (Q)
Ideality Factor 1.2
Short circuit current 13.85 (A)
Open circuit Voltage 49.53 (V)
Irradiation 1000w/m2

Because it is difficult to avoid the change in solar radiation, so the capacity of the solar panel system
will be calculated according to the following:
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Purray—py = 1.2 X Piyy = 12 kW

9

Thus, for each solar panel, with a capacity at MPP of Ppvmax=504.76W, to achieve a total capacity

of 12kW, we need at least 24 solar panels.

3.2. Design & Simulation of Four-phase Interleaved Boost Converter (4-phase IBC) with Double

Circuit

Considering a system with an input voltage from the solar panel system of Vpv = 160~200 VDC, the
expected output voltage of the boost circuit is Vop = 600-800 VDC with current ripple across the inductor
Al = 0.5A and the system supplies power to a load with a capacity of 10 kW.

Based on the formula in (1), (2), (3) and (4), the parameters for the simulation of DC boost circuit

are shown in Table 2.

Table 2. Parameters of 4-phase IBC circuit

Parameters Ratings
Degree of switching 90°
Input voltage (Vpv) 160~200 (VDC)
Switching frequency (fsw) 20 kHz
Inductors (L1-L8) 12mH
Output capacitor (C1, C2) 540uF

3.3. Design & Simulation of Three-phase SPWM Inverter.

At the output of the inverter, it is connected to an LC filter for the purpose of stabilizing the voltage
and suppressing harmonics emitted by the inverter to improve the voltage quality.

The value of inductor L and capacitor C in the LC filter are determined as the below formula [9][10].

1
fc = 2mgic (10)
Where: fc: is the cut-off frequency of the system within the threshold: fc < ff—;"_

Thus, a simulation of a three-phase inverter with the parameters is defined in Table 3 as below:

Table 3. Parameters of 3-phase inverter

Parameters Ratings
Degree of switching 120°
Input voltage (\Vdc) 600 (VDC)
Switching frequency (fSW) 20 kHz
Input capacitor (C1, C2) 560uF
Filter capacitor (C_filter) 1.2uF
Filter conductor (L_filter) 5mH
Induction Motor (IM1, IM2) 5kW

4. Results and Discussion

The circuit below is a combination of a double of four-phase interleaved DC-DC boost converter,
SPWM three-phase inverter, and the controller inside each circuit. The simulation model uses six lines
of solar panel which are connected in parallel. Radiation will be changed at a particular duration between
400W/m2 and 1000W/m2, the temperature is kept at 25°C. The parameters and circuit scheme of the
DC-AC 3-phase circuit is shown in Table 4 and Figure 9, respectively.
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Table 4. Simulation parameters of DC-AC 3- phase converter

Parameters Rating
DC Degree of switching 90°
AC Degree of switching 120°
Switching Frequency 20 (kHz)
Input Voltage 160~200 (VDC)
Output Voltage 380+20 (VAC)
Output Frequency 50 (Hz)
Inductors 12 (mH)
Capacitor DC-link (C1, C2) 560 (uF)
Load Induction Motor (IM1 & IM2) 5kW
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Figure 9. Circuit scheme of DC-AC 3-phase converter.

The simulation results of the DC-DC boost circuit are shown in Figure 10 with the required input
voltage from the solar panel array from 160VDC to 200VDC and the slow-changing output voltage from
600VDC to 800VDC. It is controlled and maintained by Pl controller.
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Figure 10. Simulation results of 4 modulation waves 4-phase IBC(a) and DC-DC boost circuit output(b).
The simulation results on the 3-phase inverter are achieved, showed in figures 11, 12 with the

required output line voltage Viine-to-line = 380£20 VVAC and output phase voltage Viine-neurrat = 220£10 VAC,
frequency = 50Hz, total harmonic distortion THD <5%.
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Figure 11. The result signal of three reference waves V_refA, V_refB, V_refC (a) and SPWM simulation (b).

18.

Figure 12. The result of line — line inverter output simulation.

The converter uses PI controller in the aim of improving efficiency and responsiveness to changes in
input DC power as well as load changes on the output of the converter. On the other hand, PI controller
also plays a role in reducing the inrush current of the converter in case of load variation in the power
system.

The load used in this simulation are two induction motors with the parameters are shown in Figure
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Figure 13. The parameters of the load induction motor.
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Figure 14. The voltage(a) and current(b) response of the converter while changing load.

Figure 15. The active power response of the converter while changing load.

As we can see, Figures 14 and 15 show that the responsibility of the whole system always adapts
with the changing of load (two induction motors) and the changing in solar radiation. The voltage is
always kept at a steady state when changing the power of the load and the current adapts with the
increasing or decreasing of the load.

The efficiency of the whole system is greatly improved by combining DC-DC 4-phase IBC double-
unit techniques with the Maximum Power Point Tracking with M-P&O algorithm, besides the regulation
of the PI controller on the DC-DC boost circuit and the SPWM 3-phase inverter circuit.

The simulation results demonstrate that the efficiency of the DC-DC boost circuit and the SPWM 3-
phase inverter circuit is 99.4% and 96%, respectively, and is stable when there is a change in load, are
shown in Figure 16.

@ O

Figure 16. The efficiency of 4-phase IBC with double the unit of circuit is 99.4% (a) and the SPWM 3-phase
inverter is 96%(b) .

Figure 17. The FFT (Fast Fourier Transform) analysis THD of output current and output voltage.

Figure 17 shows that the value of total harmonics distortion THD is less than 5%; it means the quality
of the output current and output voltage is officially validated for the proposed method.

5. Conclusions

This paper focuses on the design of high-power DC-AC 3-phase converter for areas far from the
mainland that need to use 3-phase electricity from solar systems. The simulation results of the phase
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shift modulation techniques show that the system can contribute up to 10kW 3-phase electrical power.
The converter can be run effectively at high-power factor, up to 96%.

Reaching the requirements of the research target, the converter output parameters can be achieved at
3-phase 380+20VAC line voltage, base frequency 50Hz. Moreover, the inrush currents on loads and
total system output harmonics are turned down significantly by PI controller.
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